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EDITORôS PREFACE (AND SEARCH ALGORITHM)  
 
 
The scientific literature also in small medical fields like doping is today enormous ï and it is 
not possible to keep updated unless making strong and focused efforts. The present review 
is an attempt to make it easier for those fighting doping to keep updated. From the beginning 
it was foremost an effort to make the reviewer updated, but hopefully it can be used also of 
others with the same interest, i.e. those who believe in fighting doping with the aim to 
eradicate it ï or at least make doping so difficult that nobady can succed with it. However, it 
should be empahzised that this compliation of data will still is a personal review, which 
means that the selection of presented articles have been up to the reviewer, and probable 
another author might have made at least some other choices. 
 
The definition of ñdopingò has varied over the use, not least because it is difficult to combine 
what really is enhancing performance in sport from a theoretical point of view with what is 
practical ï caffeine, childrenôs medicine when they have caught a cold, and alcohol are good 
example of this. Moreover, there is an ongoing evoluation all the time which gives new 
possibilities but also new problems, e.g. gene doping. Today the used definition of ñdopingò is 
very anti-intellectual: ñWhat WADA put on the list of forbidden substances and methods is 
dopingò. In this book the limitis is more generous, as not only the WADA lit is used as an 
inclusion criterium, but also not forbidden but often discussed substances and methods are 
covered. The biggest part of the discussed items is dietary supplements, but there are also 
other substances that might or might not be clasifie as doping subtances. Unfortunately the 
borders of doping are ill defined ï and with times it is even more difficult to define. This is 
why this book has defined anti-doping from the athlete point of view: the aim of this 
encyclopedia is to include what is discussed as performance enhancing substances and 
methods, irrespectively if they are working or not.  
 
So, why bother to compile a lot of articles and tease serious individuals interested in sports 
and sports medicine to wast time on even a superficially look through these texts? The 
answer to that is that even if each abstract of an article can be rightly criticised the total body 
of abstracts tell a more important story. This body tells something on what the present issues 
are in the part of sports medicine that deals with doping, what it is worked with scientifically 
on these issues in today, and what the thoughts of the researchers were when they wrote 
their reports. It also tells something where the edge of our knowledge is situated presently, 
and from that we can better understand what we can expect in the nearest future. So, a 
recommendation may be to read each paragraph with considerable scepticism, but enjoy 
them all together as new bricks in our scientific wall and hopefully find that together with the 
next bricks we will have a chance of reaching the next ï higher ï level that is more easy to 
understand. It is all the knowledge together that counts much, much more than every single 
article.  
 
Moreover, as interested in clinical anti-doping I am proud tog breg that I am interested in a 
field of medicine that can be included under the heading of evidence based medicine. The 
anti-dopers are not just beliving and guessing; we can base our recommendations on 
scientific facts!  
 
There must be made some limitations, otherwise a review in this form should not be possible 
to write due to lack of time and lack of brain capacity, and probably not possible to read 
either. Regarding the limitations, first of all the writing here will be based on the abstracts of 
the articles in almost all cases for practical reasons. This is also in line with the aim of the 
review: not to report all what has been published, but rather to give an introductional sample 
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that hopefully will make the reader eager to read the whole article or articles: this should be 
regarded as ña tast of anti-doping in the last yearsò. 
 
A second limitation is that most of the selections has been made through PubMed; a few 
other sources have also been scrutinized, but then more occasional and not systematically. 
The medical subheadings (MeSHs) always used are (but some more have been used 
occasionally): 
 

Doping, testing, medical history, biological passports, inadvertent doping, mass 
spectrometry, liquid chromatography, gas chromatography, isoelectric focusing, 
anabolic androgenic substances, rhabdomyolysis, designer drugs, AICAR, 
testosterone, nandrolone, dehydroepiandrosterone (DHEA), stanozolol, boldenone, 
boldione, bolandiol, methyltestosterone, methylnortestosterone, adrenosterone, 
androstenediol, androstenedione, hydroxyandrostenedione, trenbolone, metandienon, 
finasterid, norbolethone, phytoecdysteroids, designer steroids, aromatase inhibitors, 
exemestane, dehydrogenase inhibitor, selective androgen receptor modulator (SARM), 
estrogens, oral contraceptives, aromatase inhibitors, selective estrogen receptor 
modulator (SERM), toremiphene, raloxiphene, anti-estrogens, tamoxifen, blood doping, 
red blood cells, total hemoglobin mass, reticulocytes, erythropoietin (EPO), darpoietin, 
NESP, epoetin delta, hematide, perfluorocarbon, hemoglobin-based oxygen carriers 
(HBOCs), hemopure, plasma volume expanders, dextran, hydroxyethyl starch, 
hydroxyethyl starch (HES), glucose solution, saline solution, Ringer lactate solution, 
albumin, plasma protein fraction, gelatins, alpha-keratose, pullulan, levan, acetyl 
starch, polyvinylpyrrolidone, glycerol, polyethylene glycol, platelet-rich plasma, growth 
hormone, insulin-like growth factor i (IGF-1), insulin, human chorionic gonadotropin, 
clomiphene, luteinizing hormone, mechanical growth factors, AGRP, caffeine, 
theobromine, ephedrine, pseudoephedrine, methylephedrine, modafinil, 
methylphenidate, amphetamine, methamphetamine, methylamphetamine (MDMA), 
mephentermine, metamfepramone , mmephedrone, tuaminoheptane, mesocarb, 
sydnocarb, strychnine, befluorex, sibutramine, beta2 adrenergic agonists, asthma in 
sports, exercise-induced bronchoconstriction (EIB), salbutamol, terbutaline, procaterol, 
clenbuterol, methoxyphenamine, beta-blockers, angiotensin converting enzyme (ACE) 
inhibitors, diuretics, thiazides, mannitol, epitestosterone, desmopressin, 
glucocorticosteroids, ACTH, sildenafil, morphine, cannabis, cocain, ecstasy, gamma-
aminobutyric acid (GABA), gamma-butyrolactone (GBL), gamma hydroxybutyrate 
(GHB), beta-hydroxy-beta-methylbutyrate (HMB), gamma-oryzanol and ferulic acid, 
alcohol, nicotine, non-steroidal anti-inflammatory drugs (NSAIDs), peroxisome 
proliferator-activated receptor, nutritional supplementation, dehydration , exercise-
associated hyponatremia, bicarbonate, carbohydrates, mouth rinse, carbohydrate gel, 
milk, ribose, galactose, fructose, nergy beverages, sport drinks, Red bull, proteins, 
branched-chain amino acids (BCAA), arginine, ornithine, leucine, tryptophan, taurin, 
cystein, cystine, theanine, glutathione, glutamine, alanine, methionine, carnosine, 
citrulline, asparagines, spartame, glycine, alpha-ketoglutarate, alpha-ketoisocaproate, 
whey protein, fat, medium-chain triglycerides, fish oil, omega-3 fatty acid, calcium, 
copper, boron, chromium, zinc, magnesium, selenium, vitamins, N-Acetylcysteine, 
antioxidants, creatine, carnitine, melatonin, methylhexaneamine, luthatione, lecithin, 
inoleic acid, gamma-linolenic acid, gonjugated linoleic acid, leptin, inosine, 
glucosamine, dietary nitrates, methylsulphonylmethane, melamine, probiotics, green 
tea, ginseng, ginko, garlic, macroalgae, quercetin, Teribulus terrestris, Arnica, Rhodiola 
rosea, Cissus quadrangularis, Cordyceps sinensis, bee pollen, Actovigin, colostrum, 
gene doping, medical ethics 

 
most often combined with Sport, Sports or Exercise. 



 
This MeSHs will lead to a lack of some articles that might be of interest, e.g. in doping 
physiology, doping biology and social aspects of doping, but the border has to be set 
somewhere. 
 
Yet another limitation is that this is a clinical oriented review and the term human has been 
used in the search algorithm. Therefore almost all ñpreclinicalò articles have been neglected; 
i.e. molecular biology, cell lines studies and whole animal studies are not included except 
exceptionally (when the authors could not resist the temptation to review also them). This is 
not because the preclinical issues are not interesting, but because they are so numerous, 
and because it is much more difficult to evaluate the importance of them.  
 
Note that one aim of this collection of articles has been to file them in a way that the editor 
and reader can find reports on the same issues close to one another. However, rather often 
an article may be classified under more than one heading. In these cases the editor has had 
to make a choise; if it was the best choise possible will be up the reader to judge. 
 
Another ñproblemò is how to evaluate the quality of the reports. In the best of worlds the 
reports with highest quality should be given more space, and those with low quality should 
maybe just get a short note. However, this is an extremely difficult task and this books editor 
has almost surrendered; there is almost no quality control, except for those that have an 
outstandingly poor quality ï they have been omitted ruthlessness. However, most of the 
quality control has been left to the readers, 
 
Why is then all the text on dietary supplements included? There are four reasons for this: 
 

- they are so widely used in the same rings of athletes where doping substances are 
attempted 

- they are not seldomly discussed as if they were part of doping 
- most of them is worthless (but rather expensive) 
- some of them can be of value in the right dose and right setting (and there is science 

behind) 
 
When presenting quarterly reviews, annual reports and this encyclopedia I sometimes am 
criticized for just rewriting what others have just written. I can just agree with them; the only 
thing I have done is to gather what others have worked with nothing more, nothing less. The 
only thing I have contributed with is that I have made otherôs work more available and easier 
to compare with what others have done. Maybe it is not som much, but I am proud of what I 
have done. 
 
I am sometimes also asked why it is included so much on dietary supplements, as many of 
them in without effect and ñunscientific.ò The reason to include them is , however, easy: they 
are present out there among the atheletes and are compared to the dping agents if the 
antidopers want it or not. Also, one must admit that the border between was is allowed and 
what is not is not always logic or semantically right. For example water, carbohydrates may 
be important for athletic performance in some cases, and if too much is given it might neven 
be harmful, i.e. they might fulfil the criteria for doping agents. However, the most important 
reason to include them is to make them ñless mysteriousò ï if there is any science on the 
dietary supplements it would be nice to spread that also to them who onsider to use them. In 
most cases it will lead to a drain of money from the pocket of the athletes, in a few cases the 
dietary supplements will be harmful, and in most cases they are only irrelevant. 
 
All of the text ï including tables etc ï has been written i Microsoft Words, as this is the most 
spread mode for communicating with computers. This means that all words and all tables 
can be search throughout the text; for example the references can most easily be looked for 
this way. This is also why some of the reference figures have 0 or 00 as the first figures. 
Also, there is a ñContent in the bookò but no pages. This is because it is ment to be a book 
on a computer, and if so different persons and computers make there formatation different. 
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Also, the book is growing every third month, which makes impractibel to give pages, and 
then change them four times a year would be a waste of time. Please insted use the content-
part for selecting the words for the ñsearchò mode ï that is how it was planned to be used. 
 
Lastly, the language has not been checked by someone who is English spooken. Instead the 
text is written by a persons who at his very best is speaking Swinglish. The written language 
could have been presented more properly by a real translater, but the cost for that luxury was 
too high. Accept therefore that there is a place also for ñbad Englishò in science as long as it 
can be understood. Maybe some of the sentences or words make you smile a little, but 
remember than that my Swedish probably still is much better than your English é 
 
This encyclopedia shall belooked upon as a ñlivingò book. This means that it will continuously 
be added new articles to as they are published and get available ï and I hope this can be 
contimued for the foreseeable future. Then I re-edit it by putting articles in a place where they 
better fit, put in new subheading etc. the most difficult thing is then to compress the text and 
take away som of what is said twice, three times or more. I love every word, and cry a little 
bit inside when I have to omit a sentence here or there, just as if they were my friends. 
Despite that, the compression is in the end necessary and will be done. Gradually, but not 
without tears. However, the reference list will never have any references taken away, as the 
meaning of the encyclopedia is to direct the reader to the full articles. 
 
There are chapters that are more difficult to handle regarding re-editing than others. The 
worst part is by far those that deal with laboratory techniques. The author have difficulties in 
understanding the issues and even more difficult to classifiy the different techniques. Also, 
the chapter on ethical question is difficult to handle, but for another reason: ethic has so little 
facts and som much of it needs a lot of words ï unless you try to describe ethics in black and 
whit (which this reviewer refuses to do). So, for the moment you have to stand with these 
drawbacks, or help the reviewer to come up with something better. 
 
This means that the plan is to follow up with quarterly reports during coming years (it is then 
the quarter when the review was made available through PubMed that counts, not the month 
it was actually published) and then to include the reports from each quarter in an annual 
report that is then taken into this encyclopedia ï which then is gradually re-edited. This also 
means that there is probably always a later version by the autor than that you have in your 
hand now. However, if you send me a mail I am happy to send you that latest (not the last) 
version.  
 
Is this all that has been published on doing? No, certainly not, there is much more out there. 
However, what is gathered in this book is probably a good deal of what has been published 
as full articles (no abstracts included), and hopefully all that has been of real importance. If 
someone find more that should be included, please let me know. If we are of the some 
opinion I will of course include it as soon as possible. 
 
It I probable that my reporting system can be presented better than what is done here is, but 
how this is done is not so easy for the author, who like the way he has done it. So, welcome 
with comments, criticism, or cheers ï but if they fail to appear, the next quarters, the next 
annual report, and the encyclopedia will have the same dispositions as the present. This 
means that also you have a responsibility for the future! 
 
Welcome to contact! 
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Doping tests and genetic confounders 
UDP-glucuronosyltransferase  and UGT2B17 genotype 
Genetic polymorphism 
Association with renal disease and gene polymorphism 

Chemistry 
Steroid hormones 
Testosterone and its modifications 
General metabolism 
Steroids from musk deer 
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Mechanism of action  
Chemical structure versus function 
Myotrophic action of androgens 
Endogenous androgens 
Androgen disposition and genetic variation 
Steroid hormone binding globulin (SHBG)  
Hydroxysteroid dehydrogenase  
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Modulation of follistatin and myostatin propeptide  
Chromosomal damage 
Androgen receptors 
Androgen receptor polymorphism 
Antagonists of the androgen receptor 
Physiological and clinical effects and side effects 

Commonest AASs in use worldwide, according to main effect  
Molecular function 
Physiological cellular effects of androgens 
Episodical secretion 

Circadian rhythm 
Endogenous steroids 
Effect of smoking 
Influence of alcohol on steroid metabolism 
Effects of dietary components on testosterone metabolism  
Testosterone plus an ornithine decarboxylase inhibitor  
Salivary hormones 
 Salivary testosterone 
Effects on cognitive functions 
Effects on training 

Morphology versus performance after use of anabolic steroids 
Effects on training in males 
Effects on training in females 
Effects on stress 
Effects on muscles and tendons 
Influence on immunological function 
Influence on endurance 
Influence on strength 
Influence of sprint 
Influence of bodybuildersô fasting periods 
Flywheel ergometer workouts 
Watching a previous victory  
Effects of magnesium supplementation 
Effects of training on salivary levels 
Effects of androgens on IGF-1 
Interactions with opioids 
Induction of nitric acid 
Lack of influence of NSAID 

Longitudinal steroid profiling  
Long-time effects of anabolic steroids 
Multi-parametric steroid profiling  
Prevalence of missuse 

Dependence 
Overview of detection of AAS abuse 
Ratio between testosterone and epitestosterone 
Specific laboratory techniques for anabolic steroids 

Bayesian based screening 
Purity certified reference materials  
Steroid profiling 
Stacking method of repetitive large volume sample injection  
ELISA 
Liquid chromatography 
Gas chromatography-triple quadrupole mass spectrometry  
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Liquid chromatography-tandem mass spectrometry method (LC-MS/MS)  
Ligand and structure-based virtual screening  
3-Oxo-steroidal agents 
Stable isotope dilution liquid chromatography electrospray ionization 
Microflow tile technology and LC-MS/MS 
Effects of sample storage condition steroid hormones in saliva 
IRMS 
Gas chromatography coupled to IRMS 
Gas chromatographic/time-of-flight mass-spectrometric  
Carbon isotope ratio (CIR)  
Capillary electrophoresis 
Prediction of metabolic pattern of new derivatives of AAS 
Mass spectometry 
GCxGC-TOFMS  
UHPLC-HRMS  
Single-stage-Orbitrap-MS  
Full-capillary sample injection combined with a sweeping CE stacking method 
Oxidizing adulterantsô effect on the steroid profile of human urine  
Electrospray ionization tandem mass spectrometry (ESI-MS/MS)  
Glucuronoconjugated metabolites  
Relative retention times  
Variability in the 13C/12C ratios  
Principal components analysis 
Androgen receptors assay 
Androgen bioassays 
Protein assays 
Enzyme-immunoassay kit 
Triptorelin test 
Serum inhibin B as a potential marker of testosterone doping  
Two-dimensional gas chromatography  
Designer drugs 
Molecularly imprinted polymer filaments (MIPFs) 
Urinary steroids 
In saliva 
In hair 
Faecal analyses 

In food 
Musk extracts 
A user-friendly library 
Reference values from South America 
Experimental 

Markers for anabolic steroids 
AICAR 

Activity on carboanhydrases 
Purchase over the Internet 
Anabolic steroid use and condome use 
Case reports 
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Experimental 
GABA type A receptors 
Effect of subcutaneous testosterone on emotionality 
Effect of testosterone in castrated guinea pigs 
Apoptosis and NOS2 (nitric-oxide synthase 2)  
Androgen-induced cardiac autonomic dysfunction 
Interaction of testosterone with cocaine 

 
SIDE EFFECTS OF TESTOSTERONE AND OTHER ANABOLIC STEROIDS  
Overviews 

Short-term side effects 
Anesthesia risk  

Different effects of different anabolic steroids 
Toxicokinetics 

Impurities in illicit samples of anabolic steroids 
Anabolic steroidsô impact on the cardiovascular system  

Overview 
Metabolic syndrome 
Coronary artery calcifications 
Myocardial infarction 
Cardiac arrhythmias 
Maximal heart rate 
Heart rate recovery 
Myocardial fibrosis caused of anabolic steroids 
Left ventricular myocardial dysfunction and cardiac hypertrophy 
Cardiac (autonomic) dysfunction  
Vascular reactivity  
Cholesterol changes 
Impaired exercise-induced cardioprotection of antioxidant enzymes 
Sudden death 
Altered lipid profile 
Abnormal plasma lipoprotein 
Trombocyte function 
Hypercoagulability 
Arterial thrombosis 
Thrombosis 
Pulmonary embolism 
Endothelial cells 
Increased iIntima-media thickness 
Aortic elasticity 
Arterial hypertension 
Other vascular effects 
Experimental 
Cardiovascular effects of low androgens 
Summaries of effects of anabolic steroids on the heart 

Increased risk of diabetes 
Effects on the brain 

Brain development 
Cerebral infarction 
Brain nerve growth factor 
Decreased memory 
Mania 
Effects on GABA 
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Rewarding systems 
Monocygotic twins 
Sleeping pattern 
Psychologic and psychiatric effects 
Agression and violence 
Association with criminality 
Suicide risk 
Addiction 
Withdrawal effects 
Treating psychiatric effects of steroid use 
Cognitive deficits  

Liver changes due to sex hormones (anabolic steroids and oral contraceptives) 
 Overview 
 Metabolism of anabolic steroids in the liver 

Enzyme elevations  
Cholestatic liver disease 
Non-alcoholic fatty liver disease (NAFLD) 
Peliosis 
Hepatocellular adenoma and carcinoma 
Hepatocellular necrosis.  
Spontaneous hepatic rupture  

Anabolic steroids and reproductive system and male infertility 
Physiology of reproduction-endocrinology 
Anabolic steroid-induced hypogonadism in young men 
Azospermi 
Histopathlogy 
Impact on semen quality 
Aneuploidies and ultrastructural changes in spermatozoa 
Case report 

Reproductive-endocrine effects in women  
Skin 

Acne 
Hirshutism 
Androgenic alopecia (baldness) 

Effects on the immune system 
Infection risks after injections of anabolic steroids 

Injection policies 
Bone 

Effect on bone density  
Influence on muscle and tendon injury and injury healing 

Muscle healing in power-lifters 
Tendon adaptation 
Compartment syndrome in upper limb 

Rhabdomyolysis 
Renal effects 
Gynecomastia 
Other side effects 

Thyroidal effects 
Hematological 
Hypercalcemia 
Effect on gingival tissues 
Effect on inflammation 
In basket ball players 
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Side effects in elderly 
Other infections 
Genotoxicity (cancer risks) 

Fatal events 
Multiple organ failure 

Side effects of topical anabolic steroids 
Influence on reaction on pain 
Long-term effects on social-medicine demography 

Swedish data 
Increased mortality in former users of anabolic steroids 
Tour de France (1947-2012) 

 
TESTOSTERONE  
Theoretical, overviewing, aspects 
Normal values 
 Problems in evaluating serum testosterone values 

Half life 
Testosterone/epitestosterone concentration ratio (T/E)  
Free testosterone/cortisol ratio  
Time-course of testosterone action 
Stability in the urine 
Testosterone prohormones 
Seasonal variations 
Ethnic differences in steroid-related diseases  
Urinary levels of testosterone and epitestosterone in a Korean male population 
Status of lean elite athlets 
Levels in male Olympics 
Older men 
Women 
Testosterone after use of chlorinated swimming pools 
Testosterone prohormones 
Salivary testosterone (and testosterone to cortisol ratio) 

Biological action 
Hypothalamic-pituitary-gonadal (HPG) axis 
Brain 

 Heart 
 Tendon 
 Muscle 
 Breast 
 Liver 

Testosterone deficiency  
Opioid-induced androgen deficiency (OPIAD) 

Effect of magnesium on testosterone levels 
Testosterone and motivation to compete 
Psychological influence on testosterone levels 

Influence of psychosocial environment 
Victory or defeat 
Home or away game 
Spectators 

Influence of stress on testosterone (and other anabolics) levels 
Hormone profile in men 
Hormone profile in women 
Influence of fasting (Ramadan) 
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Circadian rhytm 
Genetic influence (polymorphism) 
Influence of exercise on testosterone levels 

In trained and in not-trained 
Effects of hard exercise 
Effect of endurance training 
Effect of resistance training 
Effect of different types of training 
Effect of different short-time types of exercise 
Explosive performances 
Active recovery versus passive recovery 
Influence of red color 
Pre-game free testosterone concentrations and outcome  
Pre-game testosterone level: home advantage 
Effect of testosterone on myoblasts 
Testosterone levels after concussions 
Effect of soccer 
Effect of golf 
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Older men 
Females 
Effects in a young female 
Adolecents 
Biking 
Response to marathon running 

Effects on immune system 
Testosterone and age 
 Aging athletes 
Effects of long flights 

Influence of space flights 
Effects of diet on testosterone metabolites 

Influence of zinc 
In hypogonadal men 
Testosterone level as an indicator of gender 
Transdermal testosterone 

Topical preparations 
Transdermal preparations 
Gels and solutions 

Effect of postexercise ethanol ingestion 
Effect on cocaineôs vascular effects 
Interaction with NSAIDs 
Influence on gastric ulcer precursors 
Side effects 

Cardiovascular disease 
Diabetes 

Laboratory techniques 
 Testosterone versus epitestosterone 

TLC-densitometry method 
Mobility spectrometry separations  
Analysis of the transcriptome  

Experimental 
 
NANDROLONE  
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Physiology 
Effects on mitochondria 
Effect on dynorfin A in the brain 
Metabolism 

Protein disulphide isomerase (PDI)  
Diagnostic metabolites  
Effects of the menstrual cycle  
Influence on hypothalamic-pituitary-adrenal axis 
Effect on muscles 

Effect of training 
Effect on healing of muscle injuries 
Positive effect on nerve regeneration 

Side effects 
Effect on male fertility 
Cardiotoxic effects 
Harmfull effects on brain axons 
Harmful effects on learning capacity 

Effect on hypertension 
Effect on peripheral nerve injury 
Effect on growth hormone 
Effect of small doses on stress response 
Aortic adaptations to exercise  
Nandrolone-mediated testosterone reduction during alcohol intoxication  
Impact of nandrolone on biosynthesis of steroids  
Effects of nandrolone on recovery of denervated muscle  
Genotoxic effects 
Upregulation of aromatase expression  
Endogenous or exogenous origin of nandrolone 
Significance of 19-norandrosterone in athletes' urine  
Laboratory techniques 

Liquid chromatography/tandem mass spectrometry  
Cyclic, differential pulse and square-wave voltammetry  
Gas chromatography-tandem mass spectrometry  

Experimental 
 
BOLDENONE, BOLDIONE AND BOLANDIOL  
Overviews 
Boldenone potency compared with other anabolic steroids 
Effect on reproductive functions 
Possible endogenous origin 
Urinary samples contaminated with faecal boldenone 
Influence of renal function 
Metabolism of 1-ene-steroids 

Stenbolone 
Quinbolone 
Boldione 

Experimental 
Laboratrty techniques 

Conjugated and unconjugated 
In cattle 

 
DEHYDROEPIANDROSTERONE (DHEA)  
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Metabolism 
Molecular and cellular mechanism of DHEA  
Effects of DHEA on body composition, bone metabolism, and skin 
Role of DHEA in sexual function 

Normal values related to age 
Influence of menstrual cycle 
In women 

Efficacy in performance enhancement  
Effects of walking training 

Effects on asthma 
DHEA metabolites activate estrogen receptors  
DHEA in vascular disease 
Adverse effects  
5-androstene-3beta,7beta,17beta-triol 
Laboratory techniques 
Current medical recommendations  
 
OTHER SPECIFIED ANABOLIC ANDROGENIC STEROIDS  
Oxandrolone 
Stanozolol 
Methyltestosterone 

Biomarkers 
Side effects 
Laboratory techniques 

Desoxymethyltestosterone (DMT)  
Metabolism 

Methylnortestosterone  
Testing 

Fluoxymesterone  
Dihydrotestosterone (DHT, androstanolone)  
Dehydroepiandrosterone  

Diurnal secretion 
Deposterone 
Dromastanolone 
Adrenosterone 
Androstenediol 

Metabolism of 1-androstenediol and 1-androstenedione 
3alpha-Androstanediol 

Androstenedione 
Hydroxyandrostenedione 

Androst-4-en-3-one-based steroids  
Dehydrochloromethyltestosterone  
Fluoxymesterone  
Desoxymethyltestosterone  
Keto-androgens 
Trenbolone 
 Experimentally 
1-Testosterone 

Metabolism 
Metenolone 
Metandienone 
 Metabolism 
 Laboratory tests 
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Mestranolon 
Norbolethone 
Phytosterols  

Phytoecdysteroids 
17-hydroxyandrosta-3,5-diene ("Syntrax Tetrabol") 

Yeast transactivation system 
Designer steroids 

Tetrahydrogestrinone (THG) 
YK11 
Delta6-methyltestosterone 
Methylstenbolone 
Methyl-1-testosterone (M1T)  
Laboratory techniques 

Reductase inhibitors  
Finasterid 

Aromatase inhibitors 
 Exemestane 

Anastrozole and exemestane  
Formestane  
Metabolism of keto and hydroxy steroids 

Dehydrogenase inhibitor 
Transsexuality 
 
SELECTIVE ANDROGEN RECEPTOR MODULATOR (SARM)  
Background 
Steroidal ligands and their clinical applications 
Arylpropionamide-based SARMs  
SARMs produced by fungus 
Andarine 
New SARM compounds 
Laboratory techniques 
 
ESTROGENS AND FEMALE SPORTS  
Ethnic variations 
Urinary estrogens and androgens during pregnancy 
Endogenous versus exogenous estrogens 
Sex-hormone binding globulin 
Testosterone 

Prolonged aerob exercise 
Urinary steroids in exercise 
Salivary testosterone in exercise 

Hyperandrosteronism in women 
Effects of menstrual cycle 
Effects of exercise on the female reproductive system and sex hormones 
Effects of strength training 

Comparison of baseline free testosterone between elite and non-elite female  
     athletes 

Effect of stretching 
Effect of estrogens on muscle regeneration 
Influence of IGF-1 
Influence of age on muscle mass in women 
Gestrinone 
Estrogen blockers 
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Effects in men 
Experimental 
Oral contraceptives 
 Effect of bone mass 

Influence of oral conceptives on tendons and ligament 
Influence of SERMs on steroid metabolism 
Folinic acid supplementation 
Laboratory techniques 
Selective estrogen receptor modulator (SERM) 

Toremiphene 
Raloxiphene 
Laboratory techniques 

 
AROMATASE INHIBITORS  
Tamoxifen 
Exemestane  
Aminoglutethimide 
Formestan 
 
BLOOD DOPING 
Overviews 
Prevalence of blood doping 
Biochemical markers of hypoxia 
Theoretical aspects on energy transfer in the body 
 Hemoglobine mass and physical performance 
Erythropoesis 

Effects of marathon  
Effects of training in juniors 

Red blood cells 
Effect of iron on performance 
Testing of blood 
Freezing red blood cells 
Effect of endurance training on erythrocyte deformability  

Hemoglobin and hematocrit 
Seasonal variations of hemoglobin 
Regulation of red blood cell mass 
Circadian rhythm 
Stability of hemoglobin under testing conditions 
Statistical models for blood cell survival 
Preanalytical mixing of whole-blood specimens  
Blood parameters during endurance exercice 
During flights 

Total hemoglobin mass 
Within-subject variation in hemoglobin mass  
Influence of exercise 
A stable parameter 
Influence of travelling 
Influence of erythropoietin 
Laboratory technique 

Reticulocytes 
Sports anemia 
Influence of erythropoietin 
Blood drawing 
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Measurment 
Diurnal variation 
Biological variability 
Kinetics of reticulocytes production in humans 
Reported reticulocyte values in athletes 
Gender effects on reticulyctes 
Stability of reticulocytes 
Effects of exercise on reticulocytes 
Reticulocytes in doping 
Neocytolyis 

Polycytemia 
Blood conservation and transfusions 

Blood transfusions in general 
Autologous transfusion 
Adverse events 
Plasma markers for testing 
Screening for homologous blood transfusions 
Screening for autologous blood transfusions 
mRNA 
DNA testing 
Response to foreign erythrocytes 
Effects of blood withdrawal and reinfusion on biomarkers  
Laboratory problems 
Robustness of measurements after storage of blood 
Reticulocytes 
Whole blood transfusion 
Detection of homologous blood transfusion 
Capillary electrophoretic separation  
Intravascular hemolysis  
Evaluation of blood parameters 

Erythropoietin (EPO) 
Overview 
Physiology 
Different ways of action 
Erythropoietin and the heart 
A neuroprotective agent 
Neovascularization 
Psychological effects 
Influence of N-acetylcysteinin 
Interactions with androgens 
Effects of exercise on erythropoietin molecules 
Effect of endurance training 
Effect on performance 
Effects of erythropoietin on serum hepcidin and serum iron bioavailability  
New biomarkers 
Theoretical aspects of detection blood doping with erytropoietin 
Micro dosing 
Excessive dosing 
Enzymatic desialylation  
Laboratory techniques 
Hepcidin as a marker 
MicroRNAs 
Confounding factors for erythropoietin detection 
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Available erytropoietins 
CERA, a continuous erythropoietin receptor activator 
Darpoietin/NESP 
Epoetin delta (Dynepo®) 
Hematide® 
Non-EPO-related erythropoiesis stimulating agents 
Synthetic peptide-based EPO receptor agonist  
EPO-Fc fusion protein  
New erythropoietin-like drug principles 
Adverse effects of erythropoietin 
Novel erythropoietin doping strategies 
Detection rate 
Detection of missuse of erythropoietin in competitive sports and laboratory  
     testing 
Effects outside the bone marrow 
Economy 
Experimental 

Blood substitutes, in general 
Perfluorocarbon emulsions  
Efaproxiral 
Ex vivo erythrocyte generation  
Irradiation of red blood cells 
Enhancement of oxygen transfer 

2,3 DPG 
Hypoxia-inducible factor  
Hemoglobin-based oxygen carriers (HBOCs)  

Allosteric modulators of hemoglobin 
New products 
Laboratory techniques  
Hemopure®  
Hematide/Peginesatide 
Hypoxia-inducible factor (HIF) stabilizers  
Cobalt salt as erythropoietic agent  

Phthalates 
Granulocyte colony-stimulating factor (G-CSF) 
Other blood products 

Actovegin 
Intravenous fluid use in athletes 

Discussion on dangerous dehydration in sports 
Oral versus intravenous fluids 
Exertional muscle cramp prevention 
Preexercise fluid requirements 
IV volume expanders 
Rehydration 

Plasma volume expanders 
Dextran and hydroxyethyl starch 
Hydroxyethyl starch (HES) 
Glucose solution 
Saline solution 
Ringer lactate (or acetate) solution 
Hypertonic crystalloid solution 
Albumin 
Plasma protein fraction 
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Plasma 
Gelatins 
alpha-Keratose 
Combined solutions (hypertonic crystalloid/colloid) 
Pullulan 
Levan 
Acetyl starch 
Polyvinylpyrrolidone 
Mannitol 
Glycerol 
Polyethylene glycol 
Newer plasma expander 

Intravenous rehydration 
Hyponatremia 

 
CREATED HYPOXIA 
Nomenclature 
Physiological mechanisms 

Cellular mechanisms 
Training at high altitude 

Recovery 
Effects on sleep 

Hypoxic tents 
Living high, training low 
 Short-term normobaric hypoxia  
Effect of intermittent hypoxic training on cycling performance  
Effects on laboratory parameters of intermittent hypoxic training 
Position statement on hypoxic training 

Aviability of Hbmass in altitude training 
For players of which team sports might altitude training be relevant? 
What is the optimal altitude dose to be used? 
Correlation between Hbmass and altitude training result 
Physiological markers worthwhile monitoring to identify altitude responders?  

The ethics of hypoxic training 

 
PLATELET -RICH PLASMA  
Platelets in PRP 
A randomized study 
Rotator cuff 
Tendopathies 
Hamstrings 
The knee 
Achilles tendon 
Muscle injuries 
 
GROWTH HORMONE  
Overviews 
Recombinant human growth hormone 
Epidemiology and demographic factors 
Adolescents 
Children 
Women 

Prevalence 
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Side effects 
Physiology 

Molecular and metabolic mechanisms 
Promotors of secretion 
Influence of nutrition 
Influence of testosterone on GH 
Immunofunctional and traditional growth hormone 
Effects on circulation 
Fett-substrate metabolism 
Glucose-substrate metabolism 
Effects on muscle mass and strength. 
Body fat, extracellular water, and thermoregulation. 
Interactions with thyroid hormones and sex steroids 
Hypothalamo-pituitary-adrenal (HPA) axis  
Growth hormones secretagouges 
The GH-IGF-I axis and exercise in normal subjects 
Supraphysiological GH and exercise performance 
Influence of training on GH response 
Influence of carbohydrates and proteins 
Influence on glucose homeostasis 
Influence on cardiovascular system 
Effect on IGFBP-4 and -5 
Influence of alcohol 
Effects on other variables 
Effects on respiration 

Side effects 
Clinical use 

Delivery methods 
Use in weightlifters 
Biomarkers for use (other than IGF-1) 

GH2000 
Intra-individual variability 
Effect of training of the analyse results 

Theories for detection of doping with growth hormones 
Isoform approach to detection abuse 

Possible ethnic differences 
Pharmacokinetics and pharmacodynamics of GH 
Metabolism of GH 
Effect on red blood cells 
Positive association with estrogens in men 
Negative effects on collagene synthesis 
Idiopathic adult growth hormone deficiency  
Effect on memory 
Gene expression in peripheral blood 
GH-receptor antagonists 
Growth hormone releasing peptides 
Legal framework  
Effect of dietary supplements on GH levels  
Effects of hypertemia on GH levels 
Effects of exercise on GH levels 

High intensity versus high volume edurance training 
Ecccentric exercise 
Effects in immobilisation 
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Effects of GH on performace in sports 
Endurance 
Resistance exercise 
Sprint 
Muscle strength 
With and without carbohydrate + protein 
Slow eccentric exercise velocity  
Tendons 
Meta-analysis 
In women 

Impact of injuries 
Boxers 
Horse growth hormones 
Detection of different brands 
Laboratory techniques 

The isoform methods 
With nano-technology 
Stability of GH during testing procedures 
Monoclonal antibodies 
Electrophoresis and mass spectrometry 
Immunoaffinity purification  
Immunoassays 
Freeze-thaw cycling 
Intra- and inter-laboratory validation  
Tests for GH deficiency 

Ethics of use of growth hormone in sports 
 
INSULIN-LIKE GROWTH FACTOR I (IGF -1) 
Polymorphism 
Physiology 
In peripubertal females  
Effects of training 

Resistance exercise 
Training with calorie restriction and sleep deprivation 
In Kenyans 

Local administration 
IGF-1 in deer antler 
Markers for IGF-1 
Laboratory techniques 
Detection 
 Variation in measurements 

In saliva 
 

INSULIN 

Amino acidȤstimulated insulin secretion  
In weightlifting 

Effects of leucine on postȤexercise muscle protein synthesis 
Protein hydrolysates 
Whey 
Effects of insulinotropic nutritional mixtures on insulin secretion  

Effects of insulinotropic nutritional mixtures on postȤexercise muscle anabolism 
Protein shake 

Effects of postȤexercise hyperinsulinaemia on fat oxidation and de novo  



 

 

 

 

 

29 

 

     lipogenesis 

AntiȤinflammatory effects of insulin 
Laboratory techniques 
 
OTHER DEFINED PEPTIDE HORMONES 
Gonadotropins 

Human chorionic gonadotropin 
Chorionic gonadotrophin (CG) and luteinizing hormone (LH) 
Clomiphene 
Release of GnRH 
Luteinizing hormone 
Natural agonists 

Secretagouges: gonadotrophin-releasing hormone  
Myostatin  

Effect of psycological stress 
Experimental 

Mechanical growth factors 
Stretching 
Antibodies against human MGF E-peptide  
Fibroblast growth factor (FGF) and mechano growth factor (MGF)  

AGRP 
 
CAFFEINE 
Overviews 
History of coffee drinking 
Presence of caffeine in society 
Epidemiology of use 
 Self-reported consumption 
 Emergency medicine residents' use of psychostimulants  
Athletesô knowledge of effects of caffeine 
Factors influencing serum caffeine concentrations  
Bioavailability of coffee 
Caffeine dosages versus effects 

Duration of effect 
Administration mode 
Dosage versus endurance cycle time 
Use as a flavor 
Potential adverse effects 

Physiological effects of caffeine 
Effect on EMG frequency variables 
Effect on energy expenditure 
Effect on glucose homeostasis 

Molecular effects 
 Blocking of adenosine receptors 

Coffee polyphenol caffeic acid  
Analgesic effect 
Users versus non-users 
Metabolism 
Mobilization of fat 

Effects on performance after a fat meal 
Effects on blood pressure 
Effect on cardiac blood flow 

Caffeine-reduced myocardial blood flow during exercise 
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Dose-dependent neuromuscular effects 
Effect of caffeine on delayed onset muscle soreness 
Effects on performance 

Effect versus measurable levels 
Effects on the brain 
Effects on mood and vigelance performance 
Effects on endurance 
Effects on short term performance 
Effects on skill performance 
Effects on resistance training 
Effects of performance of chronic use  
Effects on cycling 
Effects on muscles 
Effects of neural recovery 
Effects in children 
Effects on tennis 
Effects on rugby 
Effects on weight-lifting 
Effects on rowing 
Effects on iron-man 
Effect on field hockey 
Effect on sedentary men 
Effects on basket 

Coffeine in central fatigue 
Ratings of perceived exertion 

Caffeine levels before and after the removal of caffeine from the doping list 
Caffeine in diabetes 
Combination with creatinine 
Combination with ephedrine 
Caffeine versus pseudoephedrine 
Combination with albuterol 
Combination with sodium bicarbonate 
Combination with sodium citrate 
Combination with carbohydrates 

Caffeine at low muscle glycogen availability 
Caffeinated mouth-rinse  
Effect on individuals with negative energy balance 

Combination with epigallocatechin 
Combination with taurine 
Combination with ecstasy 
Caffeine versus theobromine 
Caffeine in asthma 
Influence on circadian rhythms  
Influence on biomonitoring data 
Impact on pain perception 
Impact on testosterone levels 
Impact in hot environments 
Impact on immunology 

 Immunoendocrine effects 
Effect on hydration 
Effect on urea formation 
Caffeine with carbohydrates 
Caffeine with  phosphatidylserine 
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Lack of effect on oxidative stress 
Modulation of oxidative stress markers in the liver of trained rats 
Impact on the inflammatory response  
Impact on glycogen accumulation 
Impact on ventilation 
Impact on sweating 
Impact on delayed-onset muscle sorness 
Impact on postexercise oxygen consumption 
Impact on potassium levels 
Impact on glutamine acid 
Impact on sex-hormone binding globulin 
Effects after a withdrawal period 
Effects on arousel 
Moderated effect of anxiety 
Psychological effects 
Caffeinated versus decaffeinated coffee 
Hematological side effects 
Experimental 

Caffeine and taurine 
Interaction with amitrptilin 
Muscle metabolism 
Effect of fat free weight 

Practical recommendations  
Caffeinated ñenergy shotsò 
Caffeinated chewing gum 
Caffein gel 
Guarana 
 
OTHER STIMULANTS  
Ergongenic effects 
Theobromine 

Theobromine and theophylline 
Ephedrine  

Chinese preparations 
Use in women 
Legal affairs 
Physiological effects 

 Side effects 
Ephedrine in sports 
Laboratory techniques 

Pseudoephedrine 
Dose-response in cycling 
Influence of preexercise food intake  

Methylephedrine 
Synephrine 
Prenylamine  
Octopamine 
Dopamine 
Phenylethylamine  
Modafinil 

Combined with cannabis 
Combined with cocaine 
Adrafinil 
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Armodafinil  
Experimental 

Methylphenidate 
 Transdermal 

Laboratory techniques 
Amphetamine 

Side effects 
Amphetamine in sports 
Physiologic effects of amphetamine 
Amfetamine in sport 
In hair 
Famprofazone  
Laboratory techniques 

Methamphetamine 
Treatment of dependence 

L-methamphetamine  
Methylamphetamine 
Mephentermine 
Metamfepramone  
Cathinones 

Laboratory techniques 
Methylenedioxypyrovalerone (MDPV)  

Sudden death 
Mephedrone 

Long-term effects 
A fatal case 

Tuaminoheptane  
Mesocarb 
Sydnocarb 
Strychnine 
Befluorex 
Laboratory techniques 
 
SIBUTRAMINE 
 
BETA2 ADRENERGIC  AGONISTS 
Impact of WADA regulations 
Finland 
Therapy or doping? 

Improves swim ergometer sprint performance?  
Doping efficiency of beta2-agonists 
Physiology 
Asthma and sympatomimetica 
Definition of asthma in sports 

Extended diagnostic criteria  
Diagnosis of asthma 
 How should bronchial hyperreactivity be defined? 

Testing of asthma in atheletes 
 Predictive values of tests 
Asthma in sports 

Hard training as a cause of bronchial hyperreactivity 
Prevalence of asthma in sports 
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In elite swimmers 
In canoe- and kayak athletes 
Misdiagnosis of exercise-induced bronchoconstriction in professional soccer  
     players 
Use of antiasthmatic medicine in athletes 
Allergic rhinitis in athletes 
During Olympic games 
Prevalence of use beta-2-agonists 

Exercise-induced bronchoconstriction (EIB) 
 Prevalence of exercise-induced bronchoconstriction  
 Eucapnic voluntary hyperpnea  

In children 
Comparison of blood and urin levels between routes of administration 
Ergogenic effects 

In chronic pulmonary disease 
In non-asthmatics 

Treatment 
Meta-analysis of beta2-agonists effects 
Designer beta2-agonists 
Salbutamol 
 Effect on performance 

Neuromuscular function 
After intense exercise in endurance athletes 
Renal elimination 
Acute effects on muscles 
Side effects 
Experimental 
Laboratory techniques 

Terbutaline 
Urine and serum concentrations of inhaled and oral terbutaline 

Formaterol 
Procaterol 
Clenbuterol 

Induction of IGF and myostatin 
Clenbuterol in food 
Clenbuterol in hair 
Clenbuterol and heart problems 
Supression of bacterial phagocytosis 
Salbutamol and clenbuterol 
Laboratory technique 
Experimental 
Illegal in cattle 
In horses 

Methoxyphenamine 
Laboratory techniques 
Experimental 
 
BETA-BLOCKERS  
 
ANGIOTENSIN CONVERTING ENZYME (ACE) INHIBITORS AND ANGIOTENSIN II TYPE 
RECEPTOR ANTAGONISTS 
Telmisartan 
Experimental 
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DIURETICS 

Rapid weight loss 
Thiazides 
Mannitol 
Laboratory techniques 
 
OTHER MASKING AGENTS  
Epitestosterone 
Proteases 
Desmopressin 
Other chemical and physical manipulation of doping tests 
 
GLUCOCORTICOSTEROIDS 
Overview 
Stimulation of myocytes 
Effects on exercise performance 
Adrenal insufficiency after use of corticosteroids 

Corticosteroid-induced adrenal insufficiency in elite cyclists 
ACTH 
Synachthen® 
Budesonide 
Methylprednisolone 
Dexamethasone 
Cortisol value dururing an exercise season 
Prednisolone in human urine 
Topical administration of prednisolone 
Effect on muscles  
Glucocorticoid-induced skeletal muscle atrophy 
Transfer factor 
Use in football 
Endogenous prednisolone 
Microbial transformation of cortisol to prednisolone  
Ophtalmological aspects 
Side effects 

Heart 
Laboratory techniques 

Measurement in hair 
Experimental 
 
MELATONIN 
As marker for training 
Effect on performance 
Effects on strenuous exercise 
 Experimental 
Jet lag 
Salivary 
Experimental 

Influence on plasma glucose 
Combination with imipramine 

 
SILDENAFIL (VIAGRA®)  
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MORPHINE 
Decreased sensitivity after exercise 
Dermorphine 
 
RECREATIONAL DRUGS : CANNABIS, COCAINE, ECSTASY AND GAMMA-
BUTYROLACTONE (GBL)  
Cannabis 

Overviews 
Long-term use 
Epidemiology of use of cannabis 
Mechanism of action 
Synthetic cannabinoids 
Medical use 
Duration of detection in blood 
Effects 
Influence on psychomotor performance 
Cannabis use in sports 
Influence of nandrolone on cannabinoid dependence 
Cannabis in urine 
Does cannabis have a doping effect? 
Endogenous 
 ñSpiceò 
Occasional or frequent smokers 
Side effects 
Laboratory technique 

Cocain 
Evironmental factors important for abuse 
Effects 
Cocaine in sport 

 Side effects 
Laboratory techniques 

Methylenedioxymethamphetamine (MDMA; Ecstasy)  
Together with Ecstasy 
Metabolites 
Laboratory testing 

gamma-Aminobutyric acid (GABA) 
Influence of anabolic steroids 

gamma-Butyrolactone (GBL) 
 gamma-Butyrolactone  and gamma-butyrolactone 
 gamma-Butyrolactone and 1,4-butanediol 
gamma Hydroxybutyrate (GHB)  

Metabolism and neuromodulatory properties 
Positive aspect of GHB 
Cardiovascular and respiratory effects  
Central nervous system effects  
GHB in obstetrics  
Sexual enhancing effects of GHB  
GHB use in alcohol and opiate withdrawal  
Interaction with alcohol 
Pharmacokinetics and pharmacodynamics  
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Other negative aspect of GHB 
GHB abuse  
GHB detection 
Laboratory technique 

beta-Hydroxy-beta-methylbutyrate (HMB)  
Metabolism 
HMB safety 
Effects on skeletal muscle damage, protein breakdown, and recovery 
Effects of training status 
Duration of supplementation, dose, and timing 
The effects on skeletal muscle hypertrophy in healthy untrained and trained

      adults 
HMB in athletes training in an energy restricted state 
HMB supplementation in youth and adolescent populations 
HMB supplementation in aging and masters athletes 
HMB improves indices of aerobic performance, fat loss, and energy metabolism 
Proposed mechanisms of action 
Skeletal muscle regeneration 
Skeletal muscle proteolysis 
HMB in young trained subjects 
HMB in trained versus untrained subjects 
HMB mixed with other molecules in young trained subjects 
HMB mixed with other molecules in young untrained subjects 
Dose and safety of treatment 
HMB versus glucocorticoids 
Attenuation of muscle loss during sustained energy deficit  
Influence of HMB on protein synthesis 
Influence on free acids 
Laboratory testing 
Experimental 
Summarised aspects of HMB in sports 

1,4-Butanediol (1,4-BD)  
gamma-Oryzanol and ferulic acid 
 
ALCOHOL  
Epidemiology 
Motives and attitudes for alcohol use by atheletes 
Mechanism of action 
Studies on alcohol and performance 
Practical effects of energy drinks on alcohol priming  
Effects of ethanol on glycogen metabolism 
Hydration and thermoregulatory function 
Effects of acute alcohol consumption on neuromuscular function. 
Effects of acute alcohol consumption on recovery from a match 
Effects on brainôs white matter 
The aftermath of alcohol use 
Effects of alcohol on injury and incapacity 
Influence of sex 
Impact of alcohol on steroid profiles 
Cardioprotective effects 
Carbohydrate deficient transferrin (CDT)  
In football 
Consumption in US college sports 
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Sponsorship 
Prevention 
 Alcohol control strategies at large sports events 
 
NICOTINE 
Mechanism of action 
Effect on performance 
Detection 
 
NON-STEROIDAL ANTI -INFLAMMATORY DRUGS (NSAIDS)  
Mechanism of action 
Ketoprofen 
Topical NSAID 
How safe are NSAIDs? 

Gastrointestinal 
Cardiac 
Renal and hypertension 
Asthma 
Pregnancy 
Comparison with other analgesics 

Use in handicapped athletes 
In ultramarathon runners 
Side effect 
Recommendations 
Medical ethics 
 
AICAR (5-AMINO-4-IMIDAZOLECARBOXYAMIDE RIBONUCLEOSIDE)  
 
ANTICONVULSANTS  
 
PEROXISOME PROLIFERATOR-ACTIVATED RECEPTOR 
Genetics 
Effect of lactate 
Pioglitazone  
Interaction with beta-adrenergic blocker 
 
PHOSPHODIESTERASE-4 INHIBITORS  
 
NUTRITIONAL SUPPLEMENTS: GENERAL ASPECTS  
Governance around sports supplementation 

Role of sports medicine specialists 
Legislation 
Theoretical aspects 
Scientific nutrition strategy  
Attempts to measure effects of supplements 

Measurements of enzyme levels 
Molecular markers in dietary supplement research 
Analysis of actual content in supplements 
Quality assurance of dietary supplements 

Perceptions of nutritional supplementation  
 Motives for use of supplements 

Attitudes towards dietary supplements 
Stacking 
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For injury prevention 
Effects of energy conditioning on food preferences and choice 
Side effects of dietary supplements 
Appropriate regulations 

Quantitation of use of supplements in sports 
Combination with anabolic steroids 
Germany 
Spain 
Greece 
Italy 
Slovenia 
Poland 
Singapore 
Canada 
USA 
Saudi Arabia 
Oman 
Judo 
Sailing 
Football 
Track and field 
Rowing 
Males and females 
Use of nutritional supplements among master athletes 
Use of dietary supplements among adolescents 
Recovey after sports 
Individualized nutrition as doping 

Side effect 
Cholestatic janundice 

Contaminated supplements 
Anabolic steroids 
Ephedrine 
Hepatotoxicity 
How to deal with supplements in the field of practice 

Recovery time after sports 
Self-reported recovery  

Practical nutritional recommendations  
Adolescentsô nutrition 

Self-regulation concepts 
Excess of protein and fat 

Female needs in nutrition and hydration 
A triad 
Energy need 
Carbohydrate need 
Protein need 
Hydration during sports 
Calcium 
Iron 
Creatine 

Nutrition in the aged athletes 
Dietary recommendation 

Impact of dietary recommendations 
Energy intake 
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For team sports 
For power sports 
For endurance sports 
For young soccer players 

Response to long distance running (energy needed) 
Food provision during Olympic Games 
General recommendations 

Nutrition for sprinters 
Nutritionj for runners 
Nutrition for triathlon and marathon 
Nutrition for football players 

General recommendatons regarding the use of dietary supplements 
Recommendation of the International Society for Sports Nutrition  

Energy need 
Carbohydrate 
Protein 
Strategic eating and refuelling 
Vitamins 
Minerals 
Water 
Convenience supplements 
Muscle building supplements 
Creatine  
Essential amino acids (EAA)  
Beta-hydroxy beta-methylbutyrate (HMB)  
Branched chain amino acids (BCAA)  
alpha-Ketoglutarate (alpha-KG)  
alpha-Ketoisocaproate (KIC)  
Ecdysterones  
Growth hormone releasing peptides (GHRP) and secretagogues  
Ornithine-alpha-ketoglutarate (OKG)  
Zinc/Magnesium aspartate (ZMA)  
Glutamine  
Isoflavones  
Sulfo-polysaccharides (myostatin inhibitors)  
Boron  
Chromium  
Conjugated linoleic acids (CLA)  
Gamma oryzanol (Ferulic acid)  
Prohormones  
Tribulus terrestris  
Vanadyl sulfate (Vanadium)  
Green tea extract  
Phosphatidyl choline (Lecithin)  
(DHEA) and 7-Keto DHEA  

 
NUTRITIONAL SUPPLEMEN TS: WATER, CARBOHYDRATE, PROTEIN, AND FAT  
Hydration 

In adolescents 
Effects on environment and persons around for drinking habits 
Sweating  
Hydration assessment 
Dehydration  
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Hyperhydration 
Muscle problems in hypohydration 
Modifying factors for hypohydration 
Diet 
Fluid replacement before exercise 
Fluid replacement during exercise 
Drinking pattern during different parts of activity 
Different commercial available sport drinks 
Dehydration despite favorable conditions for fluid intake 
Gastric emptying 
Fluid restriction increases GI permeability 
Effects of hypohydration on performance 
Drinking pattern during sports 
Hydration in marathon 
Water and carbohydrates 
Water and electrolytes 
Alcoholic beverage for treatment of dehydration 
Oral salt supplementation  

Exercise-associated hyponatremia 
Use of NSAID 
Pathophysiology 
Arginine vasopressin (AVP)  
Sweating 
Clinical features 
Prevention of EAH 
Therapy of EAH 

Bicarbonate 
Physiology 
Effect on exercise 
Effect on symptoms from the stomach 
Sodium bicarbonate and sodium citrate 

Energy need 
Meal frequency 

Carbohydrates 
Glucose homeostasis in athletes 
Effect on perceived exertion 
Effect on endurance exercise 
Effect of pre-exercise carbohydrate-loading on endurance performance 
Effect on combat sports 
Effect on tennis 
Effect on football 
Effect on sleep onset  
Mouth rinse with carbohydrate solutions 
Influence on testosteone levels 
Intake recommendations 
Can low carbohydrate high fat provide fuel for sport? 
Carbohydrates and protein 
Carbohydrates plus whey 
Carbohydrates with fat 
Milk carbohydrate and protein 
Carbohydrates and caffeine 
Carbohydrates and electrolytes 
Influence of age and pubertal status on substrate utilization  
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Carbohydrate gel 
Milk 
Chocolate milk 
Raisens 
Fruits and vegetables 
Cornstarch 
Hydroxypropyl-distarch  
Honey-sweetened beverage  
Low-carbohydrate diets and performance 
Carbohydrate loading effect of menstrual-cycle phase 
Effects of carbohydrate beverage ingestion on the salivary IgA  
Carbohydrate in young aldolescents 
Glucose polymers 
Carbohydrate effect on oxidative changes 
Increased lactate (decreased lipolysis) due to carbohydrates 
Lactate 
Sucrose 
Ribose 
Galactose 
Galactose and fructose 
Multiple transportable carbohydrates 
Carbohydrates in tennis 

Energy beverages/Sport drinks 
Science on ñsports drinksò 
With caffeine 
With carbohydrate, protein and antioxidants 
With other nutrients 
Effect on exercise performance 
Energy drinks and their role in energy expenditure and weight loss 
Gastric emptying 
Safety considerations 
Consumption pattern 
Beverage after aerobic activity 
In school children 
Adverse effects 
Sweet, non-alcoholic beverages 
Red bull 
Canada 
USA 
Effects of cold drinks 

Proteins 
Recommendated daily allowance in athelets 
High protein feeding 
Egg white protein 
Whey 
Wheat germ 
Soy-protein  
Combination of sago and soy-protein 
Wheat gluten hydrolysate  
Building muscles in fed and fasted state 

Protein drinks 
Effect on endurance and muscles 

The effects of protein intake timing in relation to strength training 
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Proteins before exercise 
Protein-rich intake for recovery after exercise 
Needs in older, training subjects 

Peptides 
Amino acids 
Branched-chain amino acids (BCAA) 
 BCAA plus arginine 
Neutral amino acids 
 Effect on performance 

Effects on muscle soreness 
Arginine 

Combined with ornithine 
Combined with citrullin 

Leucine 
 4-hydroxyisoleucine  
L-tryptophan 
Taurin 
Cystein and cystine 
Cystine/theanine 
Glutathione and glutamate 
Glutamine 

Studies in intensive care units 
Glutamine, athletes, and immunity 
Glutamine, muscle function, and athletic performance 

Alanine 
L-alanine 
beta-Alanine 
Alanine plus creatine 

Methionine 
Threonine 
Tryptophan 
Tyrosine 
Valine 
CBEX 
Carnosine (beta-alanyl-l-histidine) 

With and without sodium bicarbonate  
Effect of training 

Citrulline 
Aspartate and asparagine 
Aspartame 
Glycine 
Glycine-arginine-alpha-ketoisocaproic acid  
alpha-Ketoglutarate 
alpha-Ketoisocaproate 
Prolin 
Amino acids and creatine 
Fat 

Medium-chain triglycerides 
Maximal lipid oxidation 
In cyclists 

Fish oil 
Omega-3 fatty acid  

Multi-ingredient performance supplements (MIPS)  
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NUTRITIONAL SUPPLEMENTS: TRACE ELEMENTS, VITAMINS AND OTHER 
OXIDANTS 
Iron 

Screening 
Boron 
Calcium 
Cobalt 
Copper 
Chromium  
Magnesium 
Potassium 
Selenium 
Vanadium 
Zinc 

Zinc monomethionine aspartate 
Phosphate 
Nitrate 
Vitamins, in general 
Vitamin B 
Vitamin D 

Vitamin D and muscle tissue 
Vitamin D recommendations (intake abd desirable levels) 
Vitamin D status of athletes 
Vitamin D and athletic performance 
Summer versus winter 
Experimental 

Vitamin A 
Coenzyme Q10 
Folate 
Vitamin K 
Vitamin C 

Optimal vitamin C intake for athletes 
Vitamin C and E  

Effects on running 
Side effects 

Vitamines A, C, and E 
Vitamin E 
Dietary antoxidants, in general 

Theoretical aspects on the cellular level 
Redox state in athletes 
In rugby players 

Reservatrol 
 Reservatol and quercetin 
N-Acetylcysteine 
Allopurinol 
Other antioxidants 

Congnitive performance 
Flavonoids (including quercetin) 
Astaxanthin 
In handball 
alpha-Tocopherol, ascorbic acid, and beta-carotene  
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Catechins 
In chronic obstructive pulmonary disease 
Experimental 

Hydroxycitrat 
Applephenon 
 
NUTRITIONAL SUPPLEMENTS: OTHER DEFINED CHEMICAL SUBSTANCES AND 
METHODS 
Creatine 

Effects of creatine supplementation on physical performance  
Effects of creatine on anaerobic exercise 
Effects of creatine on aerobic exercise 
Effects of creatine supplementation on skeletal muscle hypertrophy 
Effect on plasma levels of pro-inflammatory cytokines  
Effects of creatine on glycogen stores 
Effects on blood lactate 
Effects on kidney function 
Effects on inflammatory markers 
Side effects of creatinine 
Dosing protocols applied in creatine  
Commercially available forms of creatine 
Creatine in combination with other supplements 
Safety and side effects of creatine  
In muscle wasting 
Effects of statins 
Creatine monohydrate and conjugated linoleic acid  
Creatine kinas 
Influence on glucose metabolism 
Creatine and whey protein 
Cognitive effects of creatine 
Use in women 
Effect on myostatin 
Children 
Creatine purity 
In taekwondo 
Effect on tennis 
Effect on ice-hockey 
Effect on sprint running 
During sleep deprivation 
Side effects 
Creatine and bicarbonate 
Experimental 

Carnitine 
Effect on post-resistance-exercise (RE) 
Side effects 

Methylhexaneamine (DMAA)  
Gluthatione 
Choline bitartrate plus acetylcholine 
Chondroitin/glucosamine 
Lecithin 
Linoleic acid 
gamma-Linolenic acid 
Conjugated linoleic acid 
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Leptin 
Inosine 
Glucosamine 
ñFat burnersò 
L-arginine alpha-ketoglutarate (AAKG) 
Blend supplements 

Nutritional support to maintain proper immune status during intense training 
Electrolytes 
Dimethylglycine 
Dietary nitrates 
Dihdroxyacetone phosphate and pyruvate 
Methylsulphonylmethane 
Melamine 
Nootkatone 
Octacosanol and policosanol 
Superoxygenated water 
Non-pharmacological therapy 

Acupuncture 
Cryostimulation 
Cooling 

Sublingual, ergogenic spray  
 
NUTRITIONAL SUPPLEMENTS: FROM PLANTS AND ANIMALS  
Herbs 

Ergogenic theory 
Herbal weight loss supplements 

Prebiotics 
Probiotics 

Probiotic intervention studies in athletes 
Bluberries 
Wolfberry (goji berry) 
Green tea 
Black tea 
Ginseng  
Ginkgo biloba 
Garlic 
Macroalgae 
Spirulina (microalgae) 
Phosphatidylserine  
Quercetin 
Capsaicin 
 Soldiers 
 Mice 
Pycnogenol 
Kava kava (Kava) 
St. Johns wort 
Yucca 
Teribulus terrestris 
Arnica 
Rhodiola rosea  

Lack of effect on marathon running 
Cissus quadrangularis 
Hydroxycut 
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Echinacea 
Cordyceps sinensis  
Cytoseira canariensis  
Smilax (sarsaparilla) 
Yerba maté 
Yohimbine 
Bee pollen 
Honey 

Royal Jelly 
Phlogenzym and wobenzym 
Cytochrome C 
Glandulars 
Lactobacillus casei Shirota 
Colostrum 

Effect on salivary IgA 
Fermented papaya 
Ultrasonography-guided interventions 
 
GENE DOPING 
Overviews 
The science behind gene doping 

Definitions and history 
Gene transfer approach to therapy 
Therapeutic gene transfer vectors introduced into human beings 
Reversing the effects of transplanted genes 

Medical uses of gene therapy 
Animal use of gene doping 
Genes versus environmental influence 
Gene therapy versus gene doping 
Epigenetics 
Evolving definitions 

RNA interference  
Genetic enhancement  

In vivo gene doping  
Ex vivo gene doping  

Possibilities for gene doping 
Gene-based doping for muscle function 
Gene-based doping for oxygen delivery to exercising tissues 
Further possibilities of detecting gene doping 

Doping targets 
Glucose metabolism 
Red blood cell activity/delivery 
Skeletal muscle size, strength and endurance 
Vascular endothelial growth factor 
Fibroblast growth factor 
Preventing pain (endorphin and enkephalin) 
alpha-Actinin 3 
Peroxisome proliferator-activated receptor-delta 
Cytosolic phosphoenolpyruvate carboxykinase 
Gene doping with intracellular molecules 

Options for gene doping 
Gene doping targets 

Candidate genes for athletic gene doping  
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Hematopoietic/vascular systems  
Hypoxia inducible factors  
Vascular endothelial growth factor  
Actin-binding peptides  
Angiotensin-converting enzyme  
Insulin-like growth factor  
Myostatin  
Peroxisome proliferator-activated receptor delta  
Endorphins  
Erytropoietin gene transfer 

Polymorphism 
Experimental 
Sport as a case study 
Risks and complications of gene doping  

Gene silencing 
Immune reaction 
Integration 
Infection of germ cells 
Expression 
Storage and usage 
Long term 
Uses of gene therapy 

Potential strategies for detection of gene doping 
Detection of erythropoietin gene doping 
Muscle biopsy  
Blood monitoring  
Genetic activity tests  
Protein fingerprints  
Genetic barcodes  

Laboratory techniques for detection of gene doping 
Direct methods 
Indirect methods 
Transgene and nonviral vectors in blood 
PCR-based detection of gene transfer vectors 

Regulation of gene doping 
The ethics of gene doping 

Bioethical concerns 
Definition of enhancement 
Genetic enhancement 
The thin line between therapy and enhancement  
Specific ethical questions 

 
ETHIC ISSUES IN DOPING AND ANTI -DOPING 
The history of anti-doping ethics 
War on doping versus war on drug 

Doping is here to stay 
ñEverybody take doping drugsò 

Arguments for doping and their etical anti-arguments 
Human nature 
Regulation could improve safety 
Spirit of sport 
Argument against doping in sports 
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Escalating problems 
Engineered athletes 
Bans can work 

What justifies anti-doping? 
Alternatives to current anti-doping strategy 
A continuing discussion is needed 

The reasons for anti-doping rules 
Sports as part of the society 
Doping as a sign of dehumanization 
Making sport possible 
Technology introduced but changing the sport 
Increased participation and spectatorship 
Alternate conceptualizations 
Ethical aspects of ñharmò in sports 

Harm to the athlete 
Harm to other athletes 
Harm to society 

Ethics of the athletes regarding doping 
Sports Federationsô attitudes 
Litigation in sports medicine  
Physicianôs role in doping 
The challenge of working in sports medicine 

Environmental factors 
Case reports of the doctorôs fault but athleteôs verdict 

Rumanian gymnast 
Serbian handball player 
Russian basketball player 
French basketball player 
Spanish basketball player 
Regulations 
Aims of the regulations 

Legislative structures on enhancement 
Courtroom medicine 

Evidence-based doping? 
Motherhood goes with gold? 
Legitamcy of ban on cannabis and cocaine 
The complexity of anti-doping 
The ethics of doping 
Education in moral judgment of participants in team sports 
Professionalism and the ethics of the sports physician  

Conflicts of interest: the need to minimize 
Need to recognize the limits of athleteôs autonomy 
The need to maintain informed consent 

Confidality in doping 
 Patient confidality 
Fairness in sports 
Critisism of the fairness of the testing procedure 
 The WADA mission  
Sport and the history of ethics in sports medicine 
Multiple obligations 
Attitudes on anti-doping 
Hypotheses on background of doping 

Youth and adolescents  
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Environmental factors 
Anti-doping programes 
The life-cycle model of performance enhancement 
A gold medal but also death in 5 yearsô time? 

Prevention of athletes from harm 
On cheating 
Different of shades of blood doping 
The grey zone of undiscovered doped 
Enforcement of anti-doping policy today 
Smart drugs (ñbrain dopingò) 

Performance-enhancing drugs create an uneven playing field 
Everybody else is taking them 
Performance-enhancing drugs are dangerous 
Drug use would be almost impossible to control 

Danish ban on gyms not adhering to doping-tests 
Cannabis 
Gender as more than a binary quantity 
On how to make illegal drugs less dangerous 
Hidden assumptions and inherent contradictions in anti-doping policy 

Setting a good example 
A level playing field 
Protecting the health of athltese 
Preserving the integrity of sport 
Policy implications 

Research on doping substances 
WADAôs statement 

Ethical codes 
A code of ethics with a foundation in evidence 
The complex environment of elite sport 
Multiple obligations 
Sharing personal information about athletes with others 
Risk taking by athletes 
Aims for a new code of ethics 
Practicalities and negotiating the politics 

Scientific cooperation 
The formal ethics of research with human subjects 

The ethical principles used by review bodies 
Further amendments 

Sport as an occupation 
Legizlation of drugs aimed for doping 
 ñNaturalnessò in sports 

An example for the society 
Law versus ethics 

International doping policy: the WADA and the WADC 
Public law versus sportôs law  
Guilt, negligence and liability 
Privacy 

Physicianôs responsibility 
Self-reporting on doping 
Hypoxic tents 
Pain medication 

Injection therapy with local anaestetics 
Injection therapy with local corticosteroids 
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Concluding remarks 
Publication ethics 
 
VETERINARY 
Bacterial hydrolysis of urine without doping substances 
Contaminated food for animals 
Screening 
Anabolic steroids, general 

Anabolic steroids in dogs 
In hair 
Differentiation between endogenous steroids and synthetic homologues in  
     cattle 

Testosterone 
Testosterone and nandrolone 

19-nortestosterone  
Nandrolone 
1-Testosterone 
Stanozolol 
Methyltestosterone and mestranolone 
Mesterolone 
Methandienone 
Boldione, boldenone and boldenone esters 
Trebolone and estradiole 
Fluoxymesterone  
Growth hormone 
Selective androgen receptor modulators (SARMs) 
Erythropoietin 

Horse 
Dog 

Darbepoetin 
Insulin 
Seven peptide hormones 
Relaxine 
Thyroid hormones 
Hydrocortisone 

Topical glucocorticoids 
Clenbuterol and hydrocortisone 
Clenbuterol 
THG 
Theobromine 
Flurbiprofen  
Phenylbutazone 
Salicylic acid 
Prednisolone 
Bupivacain 
Levamisole 
3,4-Methylenedioxypyrovalerone (MDPV) 
Glycopyrrolate  
Dermorphine 
Capsaicin 
Acepromazine 
Antioxidants 
Vitamin E 
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Myo-inositol trispyrophosphate (ITPP) 
Alpha-cobratoxin  
Quaternary ammonium drugs 
Ethanol 
Laboratory techniques 

Direct-injection differential-gradient LC-LC coupled to hybrid tandem MS/MS 
Stable carbon isotope analysis  
Solid-phase extraction and liquid chromatography-mass spectrometry 
Liquid chromatography ï Orbitrap mass spectrometry 
Proteomics et al 
In hair 
Identifying individual horses urine by single-nucleotide polymorphisms (SNPs) 
TB-500 
Primary hepatocytes as a bioassay 
Molecularly imprinted polymer applied to the selective isolation of urinary  
     steroids 
Single-nucleotide polymorphism assay 
Orbitrap 
Protein biomarkers 

Other apects on forensic medicine 
Horses (in general) 

Drug metabolism in horses 
Report from Iran 
Live stock 
Intersex conditions 
 
FUTURUM 
Continuing research 
Criminals 
Economy and techniques 
Intelligens 
What if current zero-tolerance anti-doping policy continues? 
Social, policy, and public health perspectives on new psychoactive substances 
Technology advancement 
More complex challenges 
New classes of drugs 

Synthol 
Tolperisone 
5-hydroxytryptamine (5-HT) agonist 

Prediction of futures anabolic androgenic steroids 
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ABBREVIATION  
 
 
AA  anabolic agents  
AA  amino acid  

AA adrenergic agonists  
AA ascorbic acid  
AAA  aromatic amino acid  
AAA  American Arbitration Association 
A-AC  androsterone acetate 
AACE  American Association of Clinical Endocrinologists  
AAF   analytical adverse findings 
AAKG  L-arginine alpha-ketoglutarate 
AAM  acrylamide  
AAS  anabolic androgenic steroids  
AASU  anabolic steroids users  
AAV  adeno-associated virus  
AAW  African-American women  
ABAT  alanine transaminase  
ABB  affinity-based biosensors  
ABI  autologous blood injection  
ABP  Athlete Biological Passport  
ABPC  Abnormal Blood Profile Score  
ABS  anabolic steroids  
ABT  autologous blood transfusion 
ACC  acetyl-CoA carboxylase 
ACE  angiotensin-converting enzyme  
ACP  acepromazine  
ACS  autologous conditioned serum  
ACSM  American College of Sport Medicine  
ACSP  Australasian College of Sports Physicians  
ACTH  adrenocorticotropic hormone  
ACTN  actinin  
ACTN3  alpha-actinin-3   
Act R  activin receptors  
AD  autonomic dysreflexia  
AD  androstenedione  
ADA  American Dietetic Association  
ADA  adenosine deaminase 
ADA  American Diabetes Association  

ADAMS  AntiȤDoping And Management System  
ADD  androstenedione, boldione (androst-1,4-diene-3,17-dione) 
ADD  Danish Anti-Doping Agency 
ADH  antidiuretic hormone  
ADHD   attention deficit and hyperactivity disorder  
ADIOL  androstenediol   
ADION  androsta-1,4-dien-3,17-dione  
ADMA-DDAH-NOS  ADMA-asymmetrical dimethylarginine  
ADP  adenosine diphosphate  
ADR  androsterone  
ADRV  antidoping rule violation  
AED  4-androstene-3,17-dione  
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ADT  androsterone  
ADT  androgen-deprivation therapy  
AEA  anandamide  
AET  androst-5-ene-3beta,7 beta,17beta-triol  
AF  atrial fibrillation  
AF1  activation function 1  
AFM  atomic force microscopic images  
AG  androsterone glucuronide  
Ag  silver 
AGHDA  assessment of GH deficiency in adults  
AGI  aminoglutethimide  
AGRP  agouti-related protein  
AHA  automated hematology analyser  
AHF  antihemophilic factor  
AHR  airways hyperresponsiveness  
AHRET  acute heavy resistance exercise test  
AhR  aryl hydrocarbon receptor  
AI  aromatase inhibitor  
AI  aromatase inhibitors  
AICAR  5-amino-4-imidazolecarboxyamide ribonucleoside  
AIDS  acquired immunodeficiency syndrome  
AKG  alpha-ketoglutarate 
AKI  acute kidney injury  
AKR  aldo-keto reductase  
ALA  alanine 
ALA  alpha-linolenic acid  
ALAT  alanine transaminase  
ALB  albumin 
ALS  acid labile subunit  
ALT  alanine aminotransferase  
AMDIS  automated mass spectral deconvolution and identification system  
AMH  anti-Müllerian Hormone 
AMP  amphetamine  
AMP  adenosine monophosphate 
AMPK  5'adenosine monophosphate-activated protein kinase  
ANCOVA  analysis of covariance  
Andro  androsterone  
ANG  angiotensin  
ANOVA  analysis of variance  
AOC  artificial oxygen carriers  
AOC  acute oral antioxidant  
AOFAS  American Orthopedic Foot and Ankle Society  
AOGHD  adult-onset growth hormon deficiency 
AOPP  advanced oxidation protein products  
AOR  adjusted odds ratio  
AORC  Association of Official Racing Chemists  
AOX  antioxidants  
AP  average power  
AP  amphetamine  
AP  anabolic products  
APB  6-(2-aminopropyl)benzofuran   
APCI  atmospheric pressure chemical ionization  
APED  appearance- and performance-enhancing drug  
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APMU  athlete passport management unit   
APO  apomorphine  
APPI  atmospheric pressure photoionization mode  
AQUA  Allergy Questionnaire for Athletes  
AR  androgen receptor  
AR  adrenergic receptor  
ARB  angiotensin receptor blocker 
ARC  arcuate nucleus  
ARCI  Association of Racing Commissioners International  
ARE  androgen responsive element  
ARG  arginine  
AS  average speed  
AS  anabolic steroids  
AS  antioxidant supplementation  
AS  affinity tests 
ASADA  Australian Sports Anti-Doping Authority  
ASAP  Atmospheric Solids Analysis Probe  
ASAT  aspartate transaminase   
ASC  colloid acetyl starch  
ASCA  Anabolic Steroid Control Act  
ASCM  American College of Sports Medicine  
ASE  accelerated solvent extraction  
ASIH  anabolic steroid-induced hypogonadism  
ASP  athlete steroidal passport  
ASP  athlete support personnel  
AST  aspartate aminotransferase   
AST  astaxanthin  
AT  angiotensin  
ATD  1,4,6-androstatriene-3,17-dione  
ATHENA  Athletes Targeting Healthy Exercise and Nutrition Alternatives  
ATG  autophagy-related protein 
ATP  adenosine triphosphate  
ATP-PC  adenosine triphosphate-phosphocreatine  
ATR  attenuated total reflection  
AT1-R  angiotensin II receptor   
aTUE  abbreviated TUE process  
ATUE  abbreviated Therapeutic Use Exemption   
Au  gold 
AUC  area under the curve 
AUDIT  Alcohol Use Disorders Identification Test  
AUDIT-C  Alcohol Use Disorders Identification Test-alcohol consumption  
AuNP  gold nanoparticle 
AVP  arginine vasopressin   
AVS  antioxidant vitamin supplementation 
BA  beta-alanine  
BALCO  Bay Area Laboratory Co-operative  
BAP  biological antioxidative potential  
BBB  blood-brain barrier  
BCAA  branched-chain amino acids  
BCKD  branched-chain ketoacid dehydrogenase  
BD   1,4-butanediol 
1,4-BD  1,4-butanediol  
BDI  Beck Depression Inventory  
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BE  base excess  
BES  benzoate  
17beta-NT  17beta-19-nortestosterone  
B-FGF  basic fibroblast growth factor  
bFGF  basic fibroblast growth factor  
BFR  blood flow restriction  
BFU  burst colony forming units  
BFU-E  burst forming unitȤerythroid  
BGE  background electrolyte  
BH  bronchial hyperreactivity  
BHB  beta-hydroxybutyrate  
BHK  baby hamster kidney  
BHR  bronchial hyperresponsiveness  
BIAT  Brief Implicit Association Test  
BICA  bicalutamide  
BioMS  bioaffinity liquid chromatography-mass spectrometry  
BJR  Bezold-Jarisch reflex  
BL  baseline 
BL  bioluminescent  
BM  body mass  
BMC  bone mineral content   
BMD  bone mineral density 
BMI  body mass index  
BML  body mass loss 
BMC  bone mineral content  
BMD  bone mineral density  
BMP  bone morphogenetic protein  
BMSC  bone marrow stem cells  
BMX  bicycle moto cross  
BNST  bed nucleus of the stria terminalis  
BOL  boldenone (17-hydroxy-androsta-1,4-diene-3-one) 
BP  bench press  
BP  blood pressure  
BPA  bisphenol A  
BPH  benign prostatic hyperplasia ¨ 
Bpm  beats per minute  
BRIC  benign recurrent intrahepatic cholestasis  
BPT  bromopentane  
BR  bronchial reactivity  
BRUMS  Brunel Mood State Inventory  
BS  breeding stallions  
BS  box squat 
BSA  bovine serum albumin  
BSC  bovine satellite cell  
BSTFA  N,O-bis(trimethylsilyl)trifluoroacetamide  
BT  bench throw  
BT  bioavailable testosterone  
BUD  budesonide  
BUN  blood urea nitrogen  
BV  blood volume  
BW  body weight  
BWPLV  bioenhanced whey protein  
BWS  best-worst scaling  
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bwt  body weight  
CA  catecholamine  
CA  caffeic acid  
CA  concentration addition ¨ 
CAC  consecutive accelerations   
CaCl2  calcium chloride  
CAD  coronary artery disease  
CAF  caffeine   
CAFF  caffeine  
CAH  congenital adrenal hyperplasia  
CAM  complementary and alternative medicine  
CaMK  calmodulin-dependent kinase  
cAMP  cyclic adenosine monophosphate  
CAN  acrylonitrile  
CAN  Center for Alcohol and Narcotic Information  
CANTAB  Cambridge Neuropsychological Test Automated Battery  
CAP  capsaicin  
CAR  central activation ratio  
CARNS  carnosine synthase  
CAS  Court of Arbitration for Sport  
CAT  catalase  
CATH  cathine  
Cave  time-average concentration  
CB  cannabinoid  
CBAT  calculated bioavailable testosterone  
CBC  complete blood count  
CBD  cannabidiol  
CBEX  chicken breast meat extract 
CBG  corticosteroid-binding globulin  
Cbg  cannabigerol   
CBN  cannabinol 
Cbtx  cobratoxin  
CCalpha  decision limit  
CCB  dihydropyridine calcium channel blockers 
CCbeta  detection capability   
cCr  cyclocreatine  
CCT  cycle capacity test  
CD  cyclodextrin    
C4D   capacitively coupled contactless conductivity detection  
CDC  Centers for Disease Control and Prevention  
CDK  chronic kidney disease  
CDmax  maximum amount of conjugated dienes  
cDNA  complementary DNA  
cDNA  circulating DNA  
CDT  carbohydrate deficient transferrin  
CE  capillary electrophoresis  
CE-AD  capillary electrophoresis-amperometric detection  
CEDIA  cloned enzyme donor immunoassays  
CEE  creatine ethyl esther  
CE-ECL  capillary electrophoresis coupled with electrochemiluminescence 

    detection   
CEL  celiprolol  
CENTRAL  Cochrane Central Register of Controlled Trials  
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CERA  continuous erythropoietin receptor activator 
CES   carbohydrate-electrolyte solutions 
CES-D  Center for Epidemiological Studies Depression Scale  
CE-TOF/MS  capillary electrophoresis time-of-flight mass spectrometry  
CETP   cholesteryl ester transfer protein  
CF  cognitive function  
CFA  complete Freund's adjuvant  
CFTR  cystic fibrosis transmembrane conductance regulator  
CFIRMS  continous-flow isotope ratio mass spectrometry 
CFU-E  colony forming unitȤerythroid  
CG  chromatography  
CG  chorionic gonadotropin  
C6G  codeine-6-glucuronide  
CHCA  cyano-4-hydroxycinnamic acid  
CHD  coronary heart disease  
CHF  chronic heart failure  
CHF  congestive heart failure  
CHO  Chinese hamster ovary  
CHO  carbohydrate 
CHO-E  carbohydrate-electrolyte  
CHO-P  carbohydrate-protein  
CHOPA  carbohydrate-protein-antioxidant beverage  
CHT  oxidative capacity  
CI  confidence interval  
CI50  concentration causing 50 percent inhibition  
CID  collision-induced dissociation  
CIR  carbon isotope ratio  
CIR  circuit training  
CIR  circumference  
CK  creatine kinase  
cIEF  capillary isoelectric focusing  
CIR  carbon isotope ratio  
CK  creatine kinase 
CK-BB  brain creatine kinase  
CK-MB  myocardial creatine kinas 
CK-MM  muscle creatine kinas 
CL  confidence limit  
CLA  conjugated linoleic acid  
CLB  clenbuterol  
CLEN  clenbuterol  
CMBCD  carboxymethyl-beta-cyclodextrin   
CM  creatine monohydrate  
Cmax  maximum concentration 
Cmin  minimum concentration  
CMJ  counter-movement jumping 
CML  chronic myelogenous leukemia  
CMO  chief medical officer  
CMS  carboxymethyl starch  
CMV  cytomegalovirus  
CNB  caloric nutritional beverages  
CNDP  carnosinase 
Cne  cholestane  
CNS  central nervous system  
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CNTF  ciliary neurotrophic factor  
CO  cardiac output  
CO  carbon monoxide  
Co  cobalt 
COLL  collagen  
COMT  cathecol-O-methyltransferase  
CON  control 
COPD  chronic obstructive pulmonary disease  
CoQ  coenzyme Q10 
COX  cyclooxygenase  
COX-2  selective cyclooxygenase-2  
CP  carbonylated proteins  
CPC  colostrum protein concentrate  
CPK  creatine phosphokinase 
cps  counts per second  
CPX  cardiopulmonary exercise test  
CQR  Cissus quadrangularis  
CR  creatine  
Cr  creatine   
CRE  cyclic AMP response element  
CRM  certified reference materials  
CrM  creatine monohydrate  
CRM  certified reference materials  
CRP  C-reactive protein  
CS  citrate synthase  
CS  cage-switching stress  
CS  creatine supplementation  
CSA  cross-sectional area  
CSIA  compound-specific isotope analysis  
CT  computed tomography  
CT  calcaneal tendon  
CTAB  cetyl trimethyl ammonium bromide  
CTX  C-terminal telopeptide of type-I collagen  
CV  coefficient of variance  

CV  cardiovascular  
CVD  cardiovascular disease  
CVF  collagen volumetric fraction  
CVP  central venous  
CVST  cerebral venous sinus thrombosis  
CW  Caucasian women  
CWI  cold-water immersion  
CYP  cytochrome P  
CZE  capillary zone electrophoresis  
CZE-UV   capillary zone electrophoresis-UV absorbance detection 
D  deletion  
DA  dopamine  
Da  Dalton  
DAD  diode-array detector  
DALDA  Daily Analysis of Life Demands for Athletes 
DAM  N,N-dimethylamphetamine  
D-AMPH  d-amphetamine  
DART  direct analysis in real time  
DAT  drug and alcohol testing  
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DAT  dopamine transporter  
DBD  DNA binding domain  
DBS  dried blood spots  
dcELISA  direct competitive enzyme-linked immunoabsorbent assay  
DDAH  dimethyl-arginine dimethylaminohydrolase 
DDAVP  desmopressin  
DDR   Deutsche Demokratische Republik 
DE  differentially expressed  
DEA  Drug Enforcement Administration  
DECA  decanoate  
DEH  dehydration  
DEHB  di-2-ethyl hexyl phthalate  
DEHP  di-(2-ethylhexyl)phthalate  
DES  diethylstilbestrol  
DES  dietary energy supplements  
DESA  Diabetes Exercise and Sports Association  
DESI  desorption electrospray ionization  
DEXA  dual-energy x-ray absorptiometry  
DEX  dextran  
DEX  dextrose  
DEX  dexamethasone  
DFMO  difluoromethylornithine  
DFSA  drug facilitated sexual assault  
DFT  deep flexor tendon  
DFT  density functional theory  
2DG  2-deoxyglucose  
D/H  deuterium/hydrogen ratio  
DHA  docosahexaenoic acid  
DHA  docosahexaenoic 
DHCMT  dehydrochloromethyltestosterone  
DHDMA  dihydroDMA (7alpha,11beta-dimethyl-19-nortestosterone) 
DHA  3,4-dihydroxyamphetamine  
DHAP  dihydroxyacetone phosphate  
DHB  dihyroxy benzoic acid  
DHE  dehydration  
DHEA  dehydroepiandrosterone  
DHEAS   dehydroepiandrosterone sulfate  
DHCMT  dehydrochloromethyltestosterone  
DHMA  3,4-dihydroxymethamphetamine   
DHMNT  dihydroMNT  
DHT  dihydrotestosterone  
DI  deletion-insertion  
DID  Drug Information Database  
DIOL  androstenediol   
DIONE  androstenedione  
DLLME  dispersive liquid-liquid microextration  
DMA  7alpha,11beta-dimethyl-19-nortestosterone 
DMAA  methylexaneamine (or 1,3 dimethylamylamine)  
DMBCD  heptakis(2,6-di-O-methyl)-beta-cyclodextrin  
DME  drug metabolizing enzymes  
DMG  N,N-dimethylglycine  
DMH  dorsomedial hypothalamus  
DMI  Doppler myocardial imaging  
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DMSO  dimethyl sulphoxide  
DMT  desoxymethyltestosterone, mandol  
DNA  deoxyribonucleic acid  
D2O  deuterium oxide  
DOMS  delayed onset of muscle soreness  
DOPAC  3,4-dihydroxyphenylacetic acid  
DOS  diversity-oriented synthesis  
DoU  declaration of use  
DP  dipyridyl  
DP  discursive psychology  
DP  double poling  
DPO  darbepoetin  
DPV  differential pulse voltammetry 
DRE  dioxin response element  
DRI  dietary reference intakes  
DRS  deconvolution reporting software  
DS  dietary supplements  
DS  dilute-and-shoot  
DSC  differential scanning calorimetry   
DSD  disorders of sexual development  
DSHEA  Drugs Supplement Health and Education Act  
DSM-IV Diagnostic and Statistical Manual of Mental Disorders, Fourth 
     edition  
dSPE  dispersive solid phase extraction  
DTR  detraining  
DUB  dysfunctional uterine bleeding  
DUID  driving under the influence of drugs  
DUT  dutasteride  
DVT  deep vein thrombosis  
DXA  dual energy X-ray absorptiometry  
DXM  dextromethorphan  
DZOase  diazoxon  
E1  estrone   
E2   17beta-estradiol  
EA  energy availability  
EAA  essential amino acid  
EAA  European Academy of Andrology 
EAACI  European Academy of Allergy and Clinical Immunology  
EAC  exercise-associated collapse 
EAD  5alpha-estrane-3beta,17alpha-diol  
EADR  epi-androsterone  
EAH  exercise-associated hyponatremia  
EAHE  exercise-associated hyponatraemic encephalopathy  
EAMC  exercise-associated muscle cramps  
EAPH  exercise-associated postural hypotension  
EASIA  enzyme amplified sensitivity immunoassay  
eAST  erythrocyte aspartate aminotransferase activity  
EAU  European Association of Urology 
EB  energy beverages  
EC  epicatechin  
EC  European Community  
EC  external capsule  
eCB  endocannabinoid 
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ECF  extracellular fluid 

ECG  electrocardiogram  
ECGC  epigallocatechin gallate 
ECH  echinacea  
ECL  electrochemiluminescence  
ECNI-MS   electron capture negative ionization mass spectrometry 
ECS  endogenous cannabinoid system  
ECW  extracellular water  
ED  endocrine disruptors  
ED  emergency department  
ED  energy drinks  
ED  eating disorder  
ED  erectile dysfunction  
EDC  ethyl-3-(dimethylaminopropyl)carbodiimide hydrochloride  
EDC  endocrine disrupting compounds  
EDC  endocrine disrupting chemicals  
EDDP   2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine 
EDL  extensor digitorum longus  
EDT  electron-transfer dissociation  
EDMA  ethylene glycol dimethacrylate 
EE  energy expenditure  
EE  eccentric exercise  
EE2  alpha-ethynyl estradiol  
EEA  essential amino acid  
EED  5(10)-estrene-3beta,17alpha-diol 
EEG  electroencephalographic  
EES  ethinylestradiol  
EESI  extractive electrospray ionization  
EF  ephedrine  
EF  enrichment factor  
EF  ejection fraction  
EG  epitestosterone glucuronide  
EG  etiocholanolone glucuronide  
EGC  epigallocatechin  
EGCG  epigallocatechin-3-gallate 
EGF  epidermal growth factor  
EGFP  enhanced green fluorescence protein  
eGFR  estimated glomerular filtration rate  
eGH  equine growth hormone 
EHSLC  European Horserace Scientific Liaison Committee  
EI  electron ionisation  
EIA  exercise-induced asthma  
EIA  enzyme-immunoassay  
EIB  exercise induced bronchoconstriction  
EID  exercise-induced dehydration  
eIEFE  eukaryotic initiation factor 4E  

eIF  eukaryotic initiation factor  

EIMD  exercise-induced muscle damage  
EI-MS  electron ionization mass spectrometry  
EIS  electrochemical impedance spectra  
ELISA  enzyme-linked immunosorbent assay  
EMAS  European Male Aging Study  
EME  electromembrane extraction  
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EMG  electromyogram  
EMG  education model guidelines  
EMP  erythropoietin mimetic peptides  
EMS  electromyostimulation  
EMS  eosinophilia-myalgia syndrome  
eNOS  endothelial nitric acid synthase   
EOGHD  early-onset growth hormon deficiency 
EP  ephedrine  
EP  erythroid progenitor  
EP  endurance performance  
EPA  eicosapentaenoic acid  
4EPB  4E-binding protein 1  
EPH  ephedrine  
EPI  enhanced product ion  
EpiT  epitestosterone  
epiTG  epitestosterone glucuronide  
EPM  elevated plus maze  
EPO  erythropoietin  
EPOC  postexercise oxygen consumption  
EPOR  erythropoietin receptor 
EPPGE  edge plane pyrolytic graphite electrode   
EPR  electron paramagnetic resonance  
EQAS  External Quality Assessment Scheme   
ER  estrogen receptors  
ERC  endogenous reference compounds  
ERD  exercise-related arterial oxygen desaturation  
ERK  extracellular regulated protein kinases   
ERP  event-related potential  
ERS  European Respiratory Society  
ES  estradiol  
ES  effect size   
ES  electrospray ionization  
ES  etiocholanolone sulfate  
ES  energy shots 
ESA  erythropoiesis stimulating agents  
ESI  electrospray ionization  
ESI-MS  electrospray ionisation-mass spectrometry 
ESI-MS/MS  electrospray tandem mass spectrometry   
ESN  estrone  
ESPAD  European School Survey Project on Alcohol and Other Drugs  

ESR  estrogen receptor 
EST  estriol  
ET  epitestosterone  
ET  ethynyl testosterone  
ET  exhaustive test  
EtG  ethylglucuronide 
Etio  etiocholanolone  
ETS  epitestosterone  
EU  European Union  
EUH  euhydration  
EV  ecologically valid  
EVH  eucapnic voluntary hyperpnoea  
EVOK  evoked strength  
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EWS  Early Warning System  
FA  ferulic acid  
FA  fatty acids   
FA  fractional anisotropy  
FAAH  fatty acid amid hydrolase  
FAK  focal adhesion kinase  
FARS  Fatality Analysis Reporting System  
FASM  Faculty of Sport and Exercise Medicine  
FASS  field-amplified sample stacking  
F-AuNP  functional gold nanoparticle  
FBS  fragment-based screening  
FCE  false consensus effect 
FCMIA  fluorescence covalent microbead immunosorbent assay  
fCSA  fibre cross-sectional area  
FDA  Food and Drug Administration  
FDG  fluorodeoxyglucose  
FEI  Fédération Equestre Internationale  
FEV1  forced expiratory volume in 1 second 

FEV1/FVC   forced expiratory volume in 1 s to forced vital capacity ratio  
FFA  free fatty acid  
FFDCA  Federal Food, Drug, and Cosmetic Act  
FFM  fat-free mass  
FFQ  Food Frequency Questionnaire  
FFW  fat-free weight  
FGF  fibroblastic growth factor  
FI  fatigue index  
FIFA  Fédération Internationale de Football Association  
FIMS  International Federation of Sports Medicine 
FIN  finasteride  
FINA  Fédération Internationale de Natation  
FIS  International Ski Federation 
FISH  fluorescence in situ hybridization  
FITC  fluorescein isothiocyanate  
FLST  follistatin  
FLU  flutamide  
FM  fat mass  
F-MARC  FIFA Medical Assessment and Research Centre   
FMD  flow-mediated dilation  
FNH  focal nodular hyperplasia 
FO  fish oil 
FOLLI  follistatin  
FOS  fructo-oligosaccharides   
FOT  forced oscillation technique  
FPG  fasting plasma glucose  
FPP  fermented papaya preparation  
FP  follicular phase  
FRAP  ferric-reducing ability of plasma  
FSH  follicle-stimulating hormone  
FSR  fractional synthesis rate  
FST  forced swimming test  
FT  free testosterone 
FT  Fourier transform (orbitrap)   
fTC  free testosterone to cortisol ratio  
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FTICR  Fourier transform ion cyclotron resonance  
FT-ICR/MS  Fourier transform ion cyclotron resonance mass spectrometry 
FTIR  Fourier transform infrared  
F20TPP  meso-tetrakis(pentafluorophenyl) porphyrin  
FV  fruits and vegetables  
FW  fat weight  
FW  flavored water  
FWHM  full-width at half maximum  
GA  gastrocnemius  
GABA  gamma-aminobutyric acid  
GABAAR  gamma-aminobutyric acid  receptor  
GAKIC  glycine-arginine-alpha-ketoisocaproic acid  
GAL  galactose  
Gas  musculus gastrocnemius 
GASP-1  growth and differentiation factor-associated serum protein-1  
GBL  gamma-butyrolactone  
GBR  gamma-aminobutyric acid (GABA)/benzodiazepine receptor  
   complexes  
GBS  global positioning system 
GC  glucocorticoid 
GC  gas chromatography  
GCC  gas chromatography combustion  
GC/C/IRMS  chromatography/combustion/isotope ratio mass spectrometry  
GC/GC/TOF/MS   two-dimensional gas chromatography coupled to time-of-flight  
   mass spectrometry  
GC/HRMS  gas chromatography-high-resolution mass spectrometry  
GC/GC  two-dimensional gas chromatography  
GC/GC/TOFMS two-dimensional gas chromatography with time-of-flight mass  
   spectrometry 
GC/IT/MS  gas chromatography-ion trap-mass spectrometry  
GC/MS  gas chromatography/mass spectrometry  
GC/MSD  gas chromatograph-mass spectrometer  
GC/MS/MS  gas chromatography-tandem mass spectrometry  
GC-NCI-MS/MS    gas chromatography-negative chemical ionization-tandem mass  
      spectrometry  
GCoaTOFMS    gas chromatography/electron ionization orthogonal acceleration 
    time-of-flight mass spectrometry  
GCS  glutamylcysteine synthetase  
GCS  Glasgow Coma Scale  
G-CSF  granulocyte colony-stimulating factor  
GC/TOF/MS  gas chromatography time-of-flight mass spectrometry  
GD  gastrointestinal distress 
GET  gas exchange threshold  
GF  growth factor  
GFP  green fluorescent protein  
GFP  general factor of personality  
GFPQ  General Factor of Personality Questionnaire  
GFR  glomerular filtration rate  
GGT  gamma-glutamyl-transferase   
GH  growth hormone  
GHB  gamma-hydroxybutyric acid  
GHBP  growth hormone binding protein 
GHD  growth hormon deficiency  
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GHR  growth hormone receptor    
GHRH  growth hormone-releasing hormone  
GHRP  growth hormone releasing peptides   
GHS  growth hormone secretagogue  
GHV   gamma-hydroxyvalerate 
GI  gastrointestinal  
GI  glycemic index  
GIH  glycerol-induced hyperhydration  
GIP  glucose-dependent insulinotropic polypeptide  
GL  glycemic load  
GLA  gamma-linolenic acid 
GLC  gas-liquid chromatography  
Gln  glutamine  
GLP  glucagon-like peptide  
Glu  blood glucose  
GLUC  glucose-maltodextrin  
GLUT  glucose transporter  
GLUT4  glucose transporter 4  
GMFI  geometric mean fluorescence intensity  
GnIH  gonadotropin inhibitory hormone  
GNP  gold nanoparticle  
GnRH  gonadotrophin-releasing hormone  
GOS  galacto-oligosaccharides  
GP  General Practitioner 
GP  glucose polymer  
GP  growth promoters  
GPA  growth-promoting agents  
GPA  grade point average 
GPCR  G protein coupled receptors  
GPER  G protein-coupled estrogen receptor 
GPLC  glycine-propionyl-L-carnitine  
GPR30  G protein-coupled receptor-30 
GPx  glutathione peroxidase  
GR  glutathione reductase  
GPS  global positioning systems  
GPx  glutathione peroxidase   
GR  glutathione reductase   
GR  glucocorticoid receptor  
GS  glycogen synthase 
GS/GS/TOFMS gas chromatography coupled two time-of-flight mass spectrometry  
GSH  glutathione  
GSH-Px  glutathione peroxidase  
GS-MS  gas chromatography-mass spectrometry  
GSSG  glutathione disulphide 
GT  glutamyl-transferase   
GTC  green tea catechins  
GTE  green tea extract  
GTN  gastrocnemius  
GVL   gamma-valerolactone  
GXT  graded exercise tests  
HA  hepatic adenomas  
HABA  2-(4-hydroxyphenylazo)benzoic acid  
HAD  hydroxyacyl-CoA dehydrogenase  
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hAR  human androgen receptor  
HAS  human serum albumin  
Hb  hemoglobin  
HBc  hepatitis B core antigen  
HbCO  carboxyhemoglobin  
%HbCO   percent carboxyhemoglobin  
HBM  beta-hydroxy-beta-methylbutyrate  
Hbmass   total haemoglobin mass  
HBC  hepatitis virus C 
HBD  hepcidin-binding  
HBOC  hemoglobin-based oxygen carriers  
HbSaO2   arterial oxyhemoglobin saturation  
HBV  hepatitis B  
HCA  hydroxycitric acid  
HCA  hierarchical cluster analysis  
HCC  hepatocellular carcinoma  
HCD  histidine containing dipeptides  
HCD  higher collision energy dissociation  
hCG  human chorionic gonadotropin  
HCM  high carbohydrate meal  
HCP  hematopoietic cell phosphatase  
HCTZ  hydrochlorothiazide   
HCV  hepatitis C virus  
HCVR  hypercapnic ventilatory responses  
Hct  haematocrit  
Hcy  homocysteine  
HDC  histidine decarboxylase  
HDHQ  Hostility and Direction of Hostility Questionnaire  
HDL  high-density-lioprotein  
HDP  hydroxypropyl-distarch phosphate  
HEA  hereditary angioedema  
HED  heavy episodic drinking  
HEK  human embryonic kidney  
hEPO  human erythropoietin  
HEPS  (hydroxyethyl)promazine  
HES  hydroxyethyl starches  
HFBA  heptafluorobutyric anhydride  
HF-LPME  hollow fiber liquid phase microextraction  
HFM  high fat meal  
HGB  hemoglobine  
HGF  hepatocyte growth factor  
hGH  human growth hormone  
HGI  high glycaemic index   
HHQ  hydroxyhydroquinone  
5-HIAA  5-hydroxyindoleacetic acid  
HIF  hypoxia-inducible factor  
HILIC  hydrophilic interaction chromatography  
HILIC/MS/MS   hydrophilic interaction chromatography-tandem mass  
     spectrometry  
HILIC/TOFMS hydrophilic interaction liquid chromatography-time-of-flight mass 
   spectrometry   
Hi-Lo  living high-training low 
HIPP  hippocampus  
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HIR  hydrogen isotope ratios  
HIRT  high-intensity resistance training  
HIT  high-intensity training  
HIV  human immunodeficiency virus  
HLM  human liver microsomes  
HMB  beta-hydroxy-beta-methylbutyrate  
HMB-FA  free acid of beta-hydroxybeta-methylbutyrate  
HMF  hydroxymethylfurfural  
hMG  human menopausal gonadotropin  
HMMA  4-hydroxy-3-methoxymethamphetamine  
HMW  high-molecular-weight  
HO  heme oxygenase  
H2O2  hydrogen peroxide 

HOI  highest observed intake  
HOMA  homeostasis model assessment   
HOMA-IR  homeostatic metabolic assessment for insulin resistance  
HORMA  Hormonal Regulators of Muscle and Metabolism in Aging  
Hp  haptoglobin   
HPA  hypothalamic-pituitary-adrenal  
HPAA  hypothalamic-pituitary-adrenal axis  
HPG  hypothalamic-pituitary-gonadal (axis)  
HPLC  low-carbohydrate/high-protein  
HPLC  high performance liquid chromatography  
HPLC-DAD  high resolution liquid chromatography-diode array detector  
HPLC-(HR)MS high-performance liquid chromatography-high resolution mass 

spectrometry 
HPLC-MS-MS  high-performance liquid chromatography tandem mass spectrometry 
HPMC  (hydroxypropyl)methyl cellulose  
HPS  hydroxypropyl starch  
HPS  hydroxypropyl starch  
HRP  horse radish peroxidase  
HPS  hydroxypropyl starch  
HRP  horse radish peroxidase  
HPLC  high-performance liquid chromatography  
HR  hazard ratio  
HR  high-resolution 
HR  heart rate 
HRAMS  high resolution accurate mass screening  
HRE  hypertrophy-type resistance exercise  
HRMS  high resolution mass spectrometry 
HRP  horseradish peroxidase  
HRR   heart rate recovery 
HRT  hormone replacement therapy  
HRV  heart rate variability  
hs-CRP  high-sensitivity C-reactive protein   
HSD  hydroxysteroid dehydrogenase  
hSKMC  primary human skeletal muscle cell  
HSL  harmonised screening limits  

HSL  hormone sensitive lipase  

HSP  heat-shock protein  
HSV  herpes simplex virus  
5-HT  5-hydroxytryptamine  
5-HT  serotonin  
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5-HTT  serotonin transporter 
HTLV  human T-lymphotropic virus  
huEPO  human endogenous etythropoietin  
HuREPO  human recombinant erytropoietin  
HUVEC  human umbilical vein endothelial cell 
HVA  homovanillic acid  
HVLT  Hopkins Verbal Learning Test  
HVR  hyperoxic ventilatory responses  
HVT  high volume training  
HZ  heterozygous rats 
I                      insertion   
IAA  trans-3-indoleacrylic acid  
IAAF   International Association of Athletic Federations 
IAC  immunoaffinity column  
IAC  immunoaffinity chromatography  
IADA  International Anti-Doping Arrangement  
IAHGD  Idiopathic adult growth hormone deficiency  
5-IAI  5-iodo-2-aminoindane  
IAP  immunoaffinity micro well plate  
IAT  Implicit Associations Test  
IAUC  incremental area under the curve  
IBA  inhaled beta2-agonists  
IBD  inflammatory bowel disease  
IC  in-competition  
IC  inspiratory capacity  
iCHO  isocaloric carbohydrate drink  
ICL  immunochemiluminometric  
ICS  inhaled corticosteroids  
ICTP  C-terminal telopeptide of type I collagen  
ICTP  type I collagen cross-linked carboxy-terminal telopeptide  
ICV  intracerebroventricular  
ICW  intracellular water 
IDA  information-dependent acquisition  
IDA  independent data acquisition  
IDP  indapamide  
IEE  intense and exhaustive exercise  
IEF  isoelectric focusing  
IEF-PAGE  isoelectric focusing in polyacrylamide slab gels  
IEMG  integrated electromyogram  
IF  immunfunction  
IF  international federation 
iFA  isoferulic acid  
IFG  impaired fasting glucose  
IFN  interferon  
IFSP  International Federation of Sports Physiotherapy  
IgA  immunoglobulin A  
IGF  insulin-like growth factor  
IGFBP  insulin-like growth factor-1 binding protein  
IGF1-R  IGF-I receptor  
IHD  ischemic heart disease  
IHE  intermittent hypoxic exposure  
IHIT  intermittent hypoxic exposure with intermittent hypoxic training  
IHT  intermittent hypoxic training  
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IIEF  International Index of Erectile Dysfunction  
IJSM  International Journal of Sports Medicine  
IkappaB  inhibitor-kappaB  
IL  interleukin 
IL-6  interleukin-6 
IL-1ra  interleukin-1 receptor antagonist 
ILT  incremental load test  
IM  intramuscular  
IMBE  immuno-magnetic beads-based extraction  
IMCL  intramyocellular lipid  
IMP  inosine monophosphate  
IMTP  isometric midthigh pulls  
INF  interferon  
Ins  insulin  
IOC  International Olympic Committee  
IOC-MC  International Olympic Committee-Medical Commission  
IOM  Institute of Medicine  
IOMT  illicit drugs other than marijuana  
IPC  irrelevant plasma concentration  
IPF  idiopathic pulmonary fibrosis 
I/R  ischemia/reperfusion  
IRF  immature reticulocyte fraction  
IRMA  immunoradiometric assay  
IRMPD  infrared multiple photon dissociation 
IRMS  isotope ratio mass spectrometry  
IS  internal standards  
ISA  International Society of Andrology 
ISAAC  International Study of Asthma and Allergies in Childhood 
ISCID  in-source collision induced dissociation  
ISL  International Standard for Laboratories  
ISO  International Standards Organization  
ISP  infraspinatus  
ISSAM  International Society for the Study of the Aging Male  
ISSN  International Society of Sports Nutrition  
IST  intermittent sprint test  
ISU  International Skating Union  
IT  intratesticular  
ITC  internal threshold control  
IT-MS  ion trap mass spectrometry  
ITPP  inositol trispyrophosphate  
IUC  irrelevant urine concentration  
IV  intravenous  
IVS  interventricular septum  
JAK  janus kinases  
JECFA  Joint FAO/WHO Expert Committee on Food Additives   
JL  jet lag 
11k-AC  11-ketoetiocholanolone acetate 
KD  knowledge of doping  
KG  ketoglutarate  
KIA  knowledge, incidence and attitudes 
KIC  ketoisocaproate  
KIE  kinetic isotope effects  
KP  ketoprofen  
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KROM  knee range of motion   
KSN  knowledge of sports nutrition  
LA  musculus levator ani  
LA  lactate concentration  
La  lactate  
LABA  long-acting beta-2-agonists  
Lac  lactate   
LAT  L transporter  
LBD  ligand binding domain  
LBM  lean body mass  
LC  liquid chromatographic  
LC  L-carnitine 
LCA  latent class analysis  
LC/APCI/MS/MS   liquid chromatography-tandem mass spectrometry using  
   atmospheric pressure chemical ionization  
LCB  low calorie beverages   
LC-ESI  liquid chromatography-electrospray ionisation  
LC/ESI/MS/MS liquid chromatography electrospray ionization tandem mass  
   spectrometry  
LC  liquid chromatography  
LC-HRMS  liquid chromatography high resolution mass spectrometry  
LCL  lowest calibration level  
LCLT  L-carnitine L-tartrate  
LC/MS  liquid chromatography/mass spectrometry  
LC/MS/MS  liquid chromatography-tandem mass spectrometry 
LCn-3PUF A long-chain n-3 polyunsaturated fatty acid  
LCoaTOFMS    liquid chromatography/electrospray ionization orthogonal  
   acceleration time-of-flight mass spectrometry  
LCPUFA  long chain polyunsaturated fatty  
LC-QqQ  liquid chromatography tandem mass spectrometry  
LC-Q-TOFMS    liquid chromatography/ electrospray ionization quadrupole time-of- 
    flight mass tandem mass spectrometry  
LC/TOF/MS  liquid chromatography/ time-of-flight MS  
LD  detection limit  
LD  longissimus dorsi  
LDD  least detectable doses 
LDH  lactate dehydrogenase  
LDL  low-density lipoprotein cholesterol  
LDL  lipoprotein cholesterol levels  
LE  leg extension   
LEU  leucine  
LF  Langmuir-Freundlich  
LGI  low glycaemic index  
LH  luteinizing hormone  
LH  liver hemangiomas  
LH  lipid hydroperoxide  
LH-RH  luteinizing hormone-releasing hormone  
LHrh  recombinant luteinizing hormone 
LHTH  live high-train high 
LHTL  live high-train low 
LIF  leukemia inhibitory factor   
LIF  laser-induced fluorescence detection  
LIP  lipoic acid  
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LIPA  low intensity physical activity  
LIPOXmax  maximal lipid oxidation  
LIST  Loughborough Intermittent Shuttle Test  
LIT/MS  linear ion trap mass spectrometry  
LLE  liquid-liquid extraction  
LLLME  liquid-liquid-liquid microextraction  
LLOD  lower limits of detection  
LLOQ  lower limit of quantification  
LLTH  live low ï train high 
LM  lean mass  
LMA  locomotor activity  
LMS  lactate-minimum speed  
LMT  lactate-minimum test  
LMW  low-molecular-weight  
LMWLH  low molecular weight luteinizing hormone  
LNAA  large neutral amino acid  
LOC  limit of confirmation  
LOD  limit of detection  
LOOH  lipid hydroperoxides  
LOQ  limit of quantification  
LP  leg press  
LP  luteal phase  
LPME  liquid-phase microextraction  
LPO  lipid hydroperoxide  
L-PRP  leucocyte and platelet-rich plasma  
LPS  localised surface plasmons  
LPS  lipopolysaccharide  
LPUS  lower-body power and upper-body strength  
LSD  diethilamid lisergic acid  
LTA  latent trait analysis   
LTP  long-term potentiation  
LV  left ventricular  
LVLD  left ventricular lumen diameter  
LVI  large-volume injection  
LVM  left ventriculus mass  
LVMI  left ventriculus mass index  
MA   methamphetamine  
MAA  methacrylic acid   
MAACL-R   Multiple Affect Adjective Checklist Revised 
mAbs  monoclonal antibodies  
MAC  medications advisory committee  
MAIIA  membrane-assisted isoform immunoassay  
MALDI  matrix-assisted laser desorption/ionisation  
MALDI-MS  matrix-assisted laser desorption/ionization-mass spectrometry  
MALDI-MSI  matrix-assisted laser desorption/ionization-mass spectrometry  
      imaging  
MALDI/TOF/MS   matrix-assisted laser desorption/ionisation time-of-flight mass 
           spectrometry  
MAP  mean arterial pressure  
MAMP  methamphetamine  
MAMS  acid/alcohol-modified cornstarches  
MAO  monoamine oxidases  
MAPK  mitogen activated protein kinase  
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MAPK/ERK  mitogen-activated protein kinase/extracellular signal-regulated  
     protein kinase  
MARCO  macrophage receptor with collagenous structure  
MAV  maximal aerobic velocity  
Mb  myoglobin  
MBDB  N-methyl-benzodioxolylbutanamine  
MBL  mannan-binding lectin  
MBP  muscle protein breakdown  
MCFA  medium chain fatty acids  
MCH  mean corpuscular Hb mass  
MCHC  mean corpuscular hemoglobin concentration  
MCP  menstrual cycle phase  
MCT  medium-chain triacylglycerol 
MCT  monocarboxylate transporters  
MCV  maximum voluntary contraction   
MCV  mean corpuscular volume  
MD  maltodextrin  
MD  mood 
Md  methandienone  
MDA  malondialdehyde  
MDA  3,4-methylenedioxyamphetamine   
MDAI  5,6-methylenedioxy-2-aminoindane  
MDEA  3,4-ethylendioxyethylamphetamine  
MDMA  3,4-methylenedioxymethamphetamine, ñecstasyò  
MDP  methylephedrine  
MDPF  median signal's power spectrum 
MDPV  3,4-methylenedioxypyrovalerone  
MDRD  modification of diet in renal disease  
ME  metenolone enanthate  
MED  medroxyprogesterone  
MEHHP  mono-(2-ethyl-5-hydroxyhexyl)phthalate  
MEHP  mono(2-ethylhexyl)phthalate  
MEKC-UV   micellar electrokinetic chromatography-UV absorbance detection 
     mass spectrometry  
MENT  7alpha-methyl-19-nortestosterone  
MEOHP  mono-(2-ethyl-5-oxohexyl)phthalate  
MEP  motor evoked potential  
MEPH  methylephedrine  
MEPP  mono-(2-ethyl-5-carboxypentyl)phthalate  
METH  methamphetamine  
MetS  metabolic syndrome  
MeT  methyltestosterone  
3MG  3-O-methyl-d-glucose  
MGF  mechano growth factor  
M3G  morphine-3-glucuronide   
M6G  morphine-6-glucuronide  
Mg  myoglobin  
MGF  mechano growth factor   
MH  methylhistidine  
3-MH  3-methyl-histidine  
MHA  methylhexaneamine  
MHC  myosin heavy chain  
MHS  maximal handgrip strength  
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MI  myocardial infarction  
MIP  maximum inspiratory pressure  
MIP  molecular imprinted polymer  
MIPF  molecularly imprinted polymer filaments  
MIPS  multi-ingredient performance supplements 
miRNA  microRNA  
MISPE  molecularly imprinted solid-phase extraction  
MLR  multiple linear regression  
MM  muscle mass  
MMHP  mono-(2-carboxymethylhexyl)phthalate   
MMP  matrix metallopeptidases  
MMSE  mini-mental state examination  
MMTV  mouse mammary tumour virus  
MNC  micronucleated cells  
MNT  11beta-methyl-19-nortestosterone  
MP  methylprednisolone  
MP  medroxyprogesterone  
MP  mean power  
MPB  muscle protein breakdown  
MPE  methylpseudoephedrine  
MPH  methylphenidate  
MPL  maximum permitted levels  
MPO  mean power output  
mPOA  medial preoptic area  
MPPI  microplasma photoionization 
MPS  myofibrillar protein synthesis  
MPS  muscle protein synthesis  
MR  mineralocorticoid receptor 
MRF  myogenic regulatory factor  
MRI  magnetic resonance imaging  
MRM  multiple reaction monitoring 
mRNA  messenger RNA  
MRP  meal replacement powders  
MRPL  minimum required performance limits  
MRS  magnetic resonance spectroscopy 
MS  mass spectrometry  
MS  muscle soreness  
MSCA  multilevel simultaneous data-analysis  
MSL  mestanolone  
MSM  methylsulphonylmethane 
MS/MS  tandem mass spectrometry  
MPS  muscle protein synthesis  
MRF  myogenic regulatory factor  
MRM  multiple-reaction monitoring  
MRPL  minimum required performance limit  
MSNA  muscle sympathetic nerve activity  
MSTFA  N-methyl-N-(trimethylsilyl)trifluoroacetamide  
MSLT  multiple sleep latency test  
MSPD  matrix solid-phase dispersion  
MSTFA  trimethylsilyltrifluoroacetamide  
MSTN  myostatin 
MT  methyltestosterone  
M1T  methyl-1-testosterone     
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mTb   mean body temperature  
MTB  mountain bike  
MTBE  methyl tert-butyl ether 
MT  methyltestosterone  
MTC  multiple transportable carbohydrates 
mtDNA  mitochondrial DNA  
MTFA  N-methyltrifluoroacetamide  
mTOR  mammalian target of rapamycin  
MTS  methyltestosterone  
mtTFA  mitochondrial transcription factor A  
MU  methylnortestosterone undecanoate  
MuRF1  muscle RING finger 1 protein  
MVC  maximal voluntary contractions  
MVIC  maximal voluntary isometric contractions  
MyHC  myosin heavy chain  
MYOPRO  myostatin propeptide   
MV  muscle volume  
MVC  maximal voluntary contraction 
MWCNT  multi-walled carbon nanotubes  
MVIC  maximum voluntary isometric contractions 
MW  molecular weight  
6MWD  6-min walk distance  
6MWT  six-minute walk test  
myoFSR  myofibrillar fractional synthesis rate  
m/z  mass-to-charge ratio  
NA  nandrolone  
NA  noradrenaline  
NA  norandrosterone  
19-NA  19-norandrosterone  
NAC  N-acetylcysteine  
NAc  nucleus accumbens   
NaϝCϠHϟOϡ   sodium citrate   
nAChR  neural nicotinic acetylcholine receptor 
NADO  national anti-doping organisations  
NAED  19-Norandrostenedione  

NaHCOϝ  sodium bicarbonate  
NAN  nandrolone  
NANA  N-acetylneuraminic acid  
NAS  norandrosterone sulfate  
NCAA  National Collegiate Athletic Association  
NCOLA  noncola soft drink intake  
NCE  normochromatic erytrocyte  
ND  nandrolone decanoate 
NE  norepinephrine  
NE  neuroenhancement  
19-NE  19-noretiocholanolone  
NEAA  nonessential amino acids  
NECA  N-ethylcarboxaminoadenosine  
NEFA  non-esterified fatty acids  
Neo5Gc  N-glycolyl-neuraminic acid  
NESP  novel erythropoiesis stimulating protein  
NET  noradrenaline transporter  
NEV  non-ecologically valid  
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NGB  national governingbBodies  
NGF  nerve growth factor  
NF  nuclear factor  
NFALD  non-alcoholic fatty liver disease  
NFkappaB  nuclear factor kappaB  
NHTSA  National Highway Traffic Safety Administration 
NK  natural killer  
NMDA  N-methyl d-aspartate  
NMR  nuclear magnetic resonance  
NMT  non-motorized treadmill  
NNH  numbers needed to treat harm  
NNT  numbers needed to treat   
NO  nitric oxide  

NO3
-  nitrate  

NOC  National Olympic Committee  
NOC  normal menstrual cycles  
NOLD  nonoxidative leucine disposal  
NOR  norandrostenedione   
NOR  novel object recognition   
NOREPH  norephedrine  
NOS  nitric oxide synthase 
NOS2  nitric oxide synthase  
NP  nanoparticles   
NPD  nitrogen-phosphorus detector  
NPE  norpseudoephedrine  
NPN  nonprotein nitrogen  
NPS  novel psychoactive substances  
NPS  nonmedical use of prescription stimulants  
NQO  nicotinamide adenine dinucleotide phosphate:quinone 
      oxidoreductase  
NR  nuclear receptor  
NR  nonresponder 
NS  nutritional supplement  
NSAID  nonsteroidal anti-inflammatory drug 
NT  nandrolone 
NT  nortestosterone  
NTBI  nontransferrin-bound iron  
NTD  amino-terminal domain  
NTD  amino-terminal trans-activation domain  
NW  normal-weight  
O2   oxygen  
O2-  superoxide anion  
OATP  organic anion transporting polypeptides  
OBLA  onset of blood lactate accumulation  
OC  oral contraceptive  
OC  out of competition  
3-OCMO-G  gestrinone 3-carboxy-methyloxime  
oCOR  optimized carbon monoxide-rebreathing  
OCTN2  organic cation transporter 2  
Odc  ornithine decarboxylase  
ODT  Olympic-distance triathlon  
OF  oral fluid  
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OFF-Hr Score erythropoietic stimulation index  
OFT  open-field tests  
OGTT  oral glucose tolerance tests 
OHA  hydroxyandrosterone  
4-OHA  4-hydroxy-androst-4-ene-17-dione  
OHE  hydroxyetiocholanolone  
OH-P4  hydroxy-progesterone  
35-OHvitD3  11-deoxycortisol and 25-hydroxy-vitamin D3  
OKG  ornithine-alpha-ketoglutarate   
OOC  out-of-competition   
OPIAD  opioid-induced androgen deficiency  
OPN  osteopontin  
OR  odds ratio  
ORAC  oxygen radical absorptive capacity 
OROS-MPH  osmotic-release oral system methylphenidate  
Orn  ornithine  
OSL  observed safe level  
OST  oral smokeless tobacco  
OST  osteocalcin  
OT  overtraining  
OTC  over-the-counter  
OTSOC  One-Touch Stockings of Cambridge  
OVX  ovariectomized  
OW  overweight  
P4  progesterone  
P5  pregnenolone  
PAB  pro-oxidant-antioxidant balance  
PAD  peripheral arterial disease  
PAGE  polyacrylamide gel electrophoresis   
PAH  polycyclic aromatic hydrocarbons  
PAI  plasminogen activator inhibitor  
PAQ-C  Physical Activity Questionnaire for Older Children  
PARAFAC  parallel factor analysis  

PARP  peroxisome proliferator-activated receptor 
PAT  pharmacological androgen therapy  
p-ATP  p-aminobenzenethiol  
PAV  peak angular velocity  
Pax7  paired box gene7  
PC  protein carbonyls  
PBA  pure beta-alanine 
PBL  peripheral blood lymphocytes  
PCA  principal component analysis  
PCa  prostate cancer  
PCB  polychlorinated biphenyls  
PCB  placebo  
PCC  protein carbonyl content 
PcCr  phospho-cyclocreatine  
PCDD/PCDF    polychlorinated dibenzo-p-dioxins/polychlorinated dibenzofurans  
PCE  polychromatic erytrocytes  
PCG  peroxisome proliferator-activated receptor gamma co-activator   
PCOS  polycystic ovary syndrome  
PCR  polymerase chain reaction  
PCr  phosphocreatine  
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PCV  packed cell volume  
PD  pharmacodynamic  
PDE  phosphodiesterase  
PDEGF  platelet-derived epidermal growth factor   
PDGF  platelet derived growth factor  
PDI  protein disulphide isomerase  
Pdiol  5beta-pregnane-3alpha,20alpha-diol  
PDTC  pyrolidine dithiocarbamate  
PDUS  power-doppler ultrasonography 
PE  pseudoephedrine  
PE  phytoecdysteroid  
PE  plasma expander  
PE  pulmonary embolism   
PEAS  Performance Enhancement Attitude Scale  
PED  performance enhancing drug  
PEDro  Physiotherapy Evidence Database  
PEG  polyethylene glycol  
PEG-EPO  methoxy polyethylene glycol-epoetin beta  
PEG-HAS  polyethylene glycol conjugated with human serum albumin  
PE-IAT  performance-enhancement related Implicit Associations Test  
PEP  performance enhancing polymorphisms  
PEPCK  phosphoenolpyruvate carboxykinase  
PEPH  pseudoephedrine  
PES  performance enhancing substances 
PES  pooled effect size 
PESA  performance enhancement and sleep avoidance 
PET  positron-emission tomography 
PetO2  O2 partial pressure  
PF  peak force  
PF4  platelet factor 4  
PFC  perfluorocarbons  
PFC  prefrontal cortex  
PFCOC  perfluorocarbon-based O2 carriers  
PFT  pulmonary function tests  
PG  progesterone  
PGC  peroxisome proliferator-activated receptor-gamma coactivator 
PGE2  prostaglandin E2 

PGR  progesterone receptor gene  
phGH  pituitary human growth hormone  
PHR  peak heart  
PHY  phytoestrogens  
PHZ  phenylhydrazine  
PICP  procollagen type I carboxy-terminal propeptide  
PIED  performance- and image-enhancing drugs/substances  
PIF  proteolysis-inducing factor  
PIIINP  N-terminal propeptide of type III procollagen  
PI3K  phosphatidylinositol 3-kinase  
PINP  N-terminal propeptide of type I procollagen  
PK  pharmacokinetic  
PKC  protein kinase C  
PKC  proteolysis-inducing factor-induced activation of protein kinase C 
PK/PD  pharmacokinetic/pharmacodynamic  
PKR  protein kinase R  
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PL  placebo  
PL  prohibited list  
PLA  placebo  
PLAC  placebo  
PLC  phospholipase C  
PLS  partial least squares  
PLS-DA  partial-least squares-discriminant analysis  
PMI  percentage-of-migrated-isoform  
PMM  pectoralis major muscle  
P-III-NP  N-terminal pro-peptide of type III collagen, type 3 procollagen  
POase  paraoxonase activity toward paraoxon  
POC  polycosanols  
POCIS  polar organic chemical integrative samplers   
POI  primary ovarian insufficiency  
polyQ  polyglutamine  
POMS  Profiles of Mood States  
POP  persistent organic pollutants  
PP  peak power  
P-III-P  type 3 pro-collagen  
PPA  physical activity per week 
PPA  phenylpropanolamine  
PPAR  peroxisome proliferator-activated receptors  
PPC  Partnership for Clean Competition  
PPCP  pharmaceuticals and personal care products 
PPIB  cyclophilin b   
PPO  peak power output  
PR  progesterone receptor  
PR  progestin receptors  
PRDX  peroxiredoxin 
PRGF  plasma rich in growth factors  
P-PRP  pure platele.trich plasma  
PRC  packed red cells  
PRICE  protection, rest, ice, compression, elevation  
PRFD  peak rate of force development  
PRL  prolactin  
PRO  protein 
PRO  propranolol hydrochlorid  
PRO  probiotic 
PROP-1  prophet of pit-1  
PROT  protein 
PRP  platelet-rich plasma  
PRT  periodized resistance training 
PRX  pre-exercise sports drinks  
PS  phosphatidylserine  
PSA  prostatic specific antigen  
PSAE  participation in sports, athletics or exercising  
PSE  pseudoephedrine  
PTH  parathyroid hormone  
PT  peak torque 
PTS  propionate  
PUFA  polyunsaturated fatty-acid  
PV  plasma volume  
PVC  polyvinyl chloride  
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PVC  premature ventricular contractions 
PVD  peripheral vascular disease  
PVE  plasma volume expanders  
PVP  polyvinylpyrrolidone  
PWC  physical working capacity  
PWCFT  physical working capacity at fatigue threshold  
PYK2  proline-rich tyrosine kinase 2  
PYY  peptide YY   
Q10  coenzyme Q10  
QAD  quaternary ammonium drugs  
QC  quality control 
QD  quantum dot  
QED-MS/MS  quantitation-enhanced data-dependent MS/MS 
qRT  quantitative real-time 
qRT-PCR  quantitative reverse transcriptase polymerase chain reaction  
QSAR  quantitative structure-activity relationships 
QSRR  quantitative structure-retention relationship  
QqQ  triple quadrupole   
QSAR  quantitative structure-activity relationship  
QSRR  quantitative structure-retention relationship  
QTc  corrected QT interval  
QTOF  quadrupole-time of flight  
QToF  quadrupole time-of-flight  
QTOFMS  quadrupole time-of-flight mass spectrometry  
QTRAP  quadrupole linear ion trap  
RAAM  reagent array analysis method 
rAAV  recombinant adeno-associated viral vector  
RAB  risk assessment behaviors  
RAC  ractopamine  
RAS  renin-angiotensin system  
RAST  running anaerobic sprint test  
RAT  reactive agility test  
Rb  retinoblastoma  
RBC  red blood cell  
RBC#  absolute red blood cell  
RBCM  red blood cell mass  
RBL  residual bilinearization  
RCP  respiratory compensation point  
RCT  respiratory compensation threshold  
RCT  randomised controlled trials  
RCV  red cell volume  
RD  recreational drugs 
RDA  recommended dietary allowances  
RE  resistance exercise   
RE  running economy  
REE  resting energy expenditure 
reGH  recombinant equine growth hormone  
REI  relative energy intake  
REM  rapid eye movement  
rEPO  recombinant erythropoietin  
RER  respiratory exchange ratio 
RES  resistance exercise scheme  
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RES  resveratrol  
RET  resistance exercise training  
Ret  reticulocytes  
Ret %  reticulocytes percentage  
RET#  absolute reticulocyte  
RETN  resistin  
rFst  recombinant follistatin  
RGA  reporter gene assays  
rGH  recombinant growth hormone 
rhCG   recombinant human chorizon gonadotropin 
rhEPO  recombinant human erythropoietin  
rhGH  recombinant human growth hormone  
rhIGF  recombinant human insulin like growth factor 
rhIGFBP  recombinant human insulin-like growth factor-I binding protein 
RHS  rebound hypersomnolence  
rhSHBG  recombinant human sex hormone-binding globulin  
rHuEPO  recombinant human erythropoietin  
RIA  radioimmunoassay 
RIM  racing intact males  
RLX  relaxin  
1-RM  one repetition-maximum 
Rmax  maximum rate of oxidation  
RMR  resting metabolic rate 
RMSSD  root mean square of successive differences  
RMST  reactive motor skills test  
rMV  relative mobility values 
RNA  ribonucleic acid  
RNI  recommended nutrient intake  
ROM  range of movement  
ROM  reactive oxygen metabolites  
RONS  reactive oxygen and nitrogen species  
ROS  reactive oxygen species  
RP  relative potencies  
RP  reversed-phase  
RPE  ratings of perceived exertion  
RPF  ratings of perceived fatigue  
RP-HPLC  reversed phase high performance liquid chromatographic   
RP-LC-HRMS   reversed-phase interaction chromatography systems 
RQ  respiratory quotient  
RR  Rhodiola rosea  
rRE  resistance exercise  
RRT  randomized response technique  
RRT  relative retention time 
RS  restraint stress  
RSA  roentgen stereophotogrammetric analysis  
RSA  repeated sprint ability  
RSb  best repeated sprint  
RSD  relative standard deviation  
RSH  repeated sprint training in hypoxia  
RSI  reactive strength index  
RSI  reactive strength index  
RSm  mean repeated sprint 
RST  repeated-sprint tests  
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RT  resistance training  
RT  reaction time  
RT  reverse-transcriptase  
RTD  ready to drink supplements  
RTIPESAR  sarcosyl  
RTLM  right thigh non-osseous fat-free mass  
RT-PCR  real-time polymerase chain reaction  
RUCAM  Roussel Uclaf Causality Assessment Method  
RV  right ventricular hypertrophy  
RVH  right ventricular hypertrophy  
RVP  rapid visual ipnformation processing  
RVSD  right ventricular systolic dysfunction  
RVSP  right ventricular systolic pressure  
RWL  rapid weight loss  
SA  synthetic androgen  

sAA  salivary alpha amylase  
SABA  short-acting beta-2-agonists  
SAGE  Serial Analysis of Gene Expression  
SAL  salbutamol  
SaO2  oxygen saturation 
SARM  selective androgen receptor modulator  
SAR-PAGE  sarcosyl polyacrylamide gel electrophoresis  
SB  sodium bicarbonate  
SBMA  spinal and bulbar muscular atrophy  
SC  subcutaneous  
SC  synthetic cannabinoids 
SCA  cross-sectional area  
SCAD  severe combined auto-immuno deficiency  
SCD  sudden cardiac death  
SCG  sodium cromoglycate  
SCI  spinal cord injury  
SCID  severe combined immunodeficiency  
SCL  skin conductance level  
SCL-90  Symptoms Check List-90  
SCRTT  choice serial reaction time task  
SD  socially desirable  
SDMA  symmetrical dimethylarginine 
SDS  sodium dodecyl sulfate  
SDS-PAGE  sodium dodecylsulfate polyacrylamide gel electrophoresis  
SDS/SAR-PAGE     sodium dodecyl sulfate/sarcosyl polyacrylamide gel electrophoresis  
SDT  signal detection task  
SDT  self-determination theory  
Se  selenium  
SEC  size exclusion chromatography  
SELDI/TOF  surface-enhanced laser desorption/ionization time-of-flight  
SEM  structural equation modeling  
SEP  synthetic erythropoiesis stimulating protein  
SERM  selective estrogen receptor modulator  
SERS  surface-enhanced Raman scattering  
SERT  serotonin transporter  
SF  serum ferritin  
sFe  serum ferritin  
SFR  structure-fragmentation relationship 
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SFT  superficial flexor tendon  
SGLT  sodium dependent transporter 
SGRQ  St. George's Respiratory Questionnaire   
SH  sulphydryl  
SHBG  sex hormone-binding globulin  
SI  System of Units  
SIADH  syndrome of inappropriate antidiuretic hormone secretion  
SID  stable isotope dilution  
SID-LC/ESI/SRM/MS    stable isotope dilution liquid chromatography electrospray 

ionization selected reaction monitoring mass spectrometry  
sIGF-1  saliva insulin-like growth factor-1 
SIM  selected ion monitoring  
siRNA  small interfering ribonucleic acid  
SIRT  sirtuin  
Sirt  silent information regulator transcript  
SIS  steroid isotopic standards   
SJ  static jumping 
SJ  squat jump  
SL  sheath liquid   
SLCO  solute carrier organic anion transporter  
SLF  superior longitudinal fasciculus  
SLM  supported liquid membrane  
SM  secondary metabolites  
SMR  standardized mortality ratio  
SMT  sulfatoxymelatonin  
S/N  signal to noise ratio  
SNAT  system A transporter  
SNP  single-nucleotide polymorphism  
SOD  superoxide dismutase  
SOL  soleus  
SORT  strength of recommendation taxonomy  
SOT  sotalol  
SP  sodium phosphate  
SPD  sports drinks  
SPE  solid phase extraction  
SPE-ELISA  sensitive solid-phase extraction-enzyme-linked immunosorbent  

    assay  
SPE-XCW  exchange solid phase extraction  
SPF  sun protection factor  
spiPCR  primer-internal, intron-spanning PCR  
SPM  suspended particulate matter 
SPME  solid-phase microextraction  
SPR  surface plasmon resonance  
SPRi  surface plasmon resonance imaging  
SPS  speed-precision-success  
SRM  selected-reaction monitoring  
spiPCR   single-copy primer-internal intron-spanning PCR   
SQ  standardized questionnaire  
SQ  squat  
SRBA  slow-release beta-alanine  
SRF  strength of religious faith  
SRH  self-rated health  
SRI  strain rate imaging  



 

 

 

 

 

83 

 

SSA  succinic semialdehyde  
SSB  sugar-sweetened beverages  
SSE  steadystate endurance exercise   
SSH  sex steroid hormones  
ST  smokeless tobacco  
ST  stanozolol  
STAN  stanozolol  
STAT  signal transducers and activators of transcription  
STB  standardbred  
sTfR  soluble transferrin receptor  
sTP  saliva total protein  
STR  short tandem repeat  
STR  striatum  
s-TRAP  serum antioxidant potential  
SUD  substance use disorder 
SULT  sulphate transferase  
SUM  substance use and misuse  
SUP  supplement 
SV  stroke volume  
SVM  support vector machine  
SPE  solid-phase extraction  
SPR  surface plasmon resonance  
SVR  systemic vascular resistance 
SWNT  single-wall carbon nanotubes 
Sz  stanozolol  
T4  thyroxine  
T3  triiodothyronine  
TA  tibialis anterior  
TAA  total antioxidant activity  
TAA  total amino acids 
TAC  total antioxidant capacity  
tACS  transcranial alternating current  
TAFLD  toxicant-associated fatty liver disease  
TAG  triglycerides  
TAP  tapering period  
TAS  total antioxidant status 
TASH  toxicant-associated steatohepatitis 
TAT  tyrosine aminotransferase 
TAU  taurine  
TB  thoroughbred  
TB  trenbolone  
TBA  trenbolone acetate  
TbA  trenbolone acetate  
TBARS  thiobarbituric-acid-reactive substances 
TBG  thyroxine binding globulin  
TBI  traumatic brain injury  
TBLM  total body non-osseous lean mass  
TBME  tert-butyl-methyl-ether  
TBO  trendione   
TBOH  trenbolone  
TBW  total body water  
TC  total cholesterol 
T/C  testosterone/cortisol ratio  
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TCA  tricarboxylic acid cycle  
TCEP  tris(2-carboxyethyl)phosphine hydrochloride  
TCM  traditional Chinese medicine 
tCS  transcranial current stimulation  
TD  testosterone deficiency 
TD  testosterone deconate   
TD  total distance  
tDCS  transcranial direct current stimulation 
TDI  tissue Doppler imaging  
T2DM  type 2 diabetes mellitus 
tDNA  transgenic DNA  
TE  time to exhaustion  
T/E  testosterone to epitestosterone ratio epitestosterone  
TEAC  trolox equivalent antioxidant capacity   
TEE  total energy expenditure  
TEG  thrombelastographic  
tEPO  transgenic EPO 
TER  terbutaline  
TES  testosterone  
TFAA  trifluoroacetic acid 
TG  testosterone glucuronide  
TGF  transforming growth factor  
TG/EG  testosterone glucuronide to epitestosterone glucuronide ratio  
TGSH  total glutathione  
TH  tyrosine hydroxylase  
tHB  total hemoglobin  
tHb-mass  total hemoglobin mass  
THC  tetrahydrocannabinol  
THCA  11-nor-delta9-tetrahydro-cannabinol-9-carboxylic acid  
THC-COOH  11-nor-9-carboxy-delta9-tetrahydrocannabinol  
THC-OH  11-hydroxy-delta9-tetrahydrocannabinol  
THCV  tetrahydrocannabivarin  
THG  tetrahydrogestrinone  
THE  tetrahydrocortisone   
THF  tetrahydrocortisol  
THG  tetrahydrogestrinone  
TI  testosterone isocaproate  
TIC  total ion current  
TIM  tracer interaction methodology  
tITP  transient isotachophoresis  
TLC  thin layer chromatography 
TMA  trimethylamine  
TMAO   trimethylamine-N-oxide  
TMB  tetramethylbenzidine 

TMS  transcranial magnetic stimulation  
TMS  trimethylsilyl  
TMSIh  trimethyliodosilane/methyl-N-trimethylsilyltrifluoroacetamide  
TNF  tumor necrosis factor 
TNFR  tumor necrosis factor-alpha receptor 
TOF  time of flight  
TOF/MS  time-of-flight mass spectrometry  
TP  testosterone propionate  
TPB  theory of planned behavior  
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TPP  testosterone phenyl propionate  
TQ-MS/MS  triple quadrupole mass spectrometry  
TRA  Theory of Reasoned Action  
TRE  time to running exhaustion  
TRE  trenbolone  
TREN  trenbolone-enanthate  
TRT  testosterone replacement therapy  
Ts  team sports  
TSB  tryptic soy broth  
TSH  thyroid stimulation hormone   
TSP  total suspended particulate matter  
TST  tail suspension test  
TST  total sprint times  
TT  total testosterone  
TT  time trial  
Tty  tympanic temperature  
TTE  time to exhaustion   
TTF  time to fatigue  
TU  testosterone undecanoate  
TUE  therapeutic use exemption 
TUEC  therapeutic use exemptions committee  
TW  total work  
TWD  total work done   
TYMP  tympanic temperature  
UA  uric acid  
UAMS  unmodified acid/alcohol-modified cornstarches  
UCI  International Cycling Union 
UCLA  University of California at Los Angeles   
UCP  uncoupling protein  
UDP  uridine diphosphophate  
UEFA  Union of European Football Associations  
uEPO  urinary erythropoietin  
UGT  uridine diphospho-glucuronosyl transferases  
uhEPO  urinary erythropoietin  
UHPLC  ultra-high pressure liquid chromatography  
UHPLC/MS ultra high-performance liquid chromatography-mass 

spectrometrometry 
UHPLC-ESI-MS/MS     ultra-high pressure liquid chromatography coupled to electrospray  
    ionization tandem mass spectrometry  
UPLC  ultra performance liquid chromatography  
UPLC-MS-MS    ultra-performance liquid chromatography-tandem mass  
   spectrometry   
UHPLC/TOFMC ultra-high performance liquid chromatography combined with time- 
      of-flight mass spectrometry  
UHPLC-QTOF-MS ultra-high-pressure liquid chromatography coupled to a  
      quadrupole time-of-flight mass spectrometry  
UL  upper limits  
UNESCO  United Nations Educational, Scientific and Cultural Organisation 
UOLC/MS/MS ultraperformance liquid chromatography tandem mass spectrometry 
UPLC  ultraperformance liquid chromatography  
UPLC  upper-body power and lower-body strength  
U-PLC  unfolded partial least-squares  
UPLC-MS  ultra-performance liquid chromatography-mass spectrometry   



 

 

 

 

 

86 

 

UPLC-MS/MS    ultra high performance liquid chromatography tandem mass  
      spectrometric  
UPLC-QqQ-MS       ultrahigh-performance-LC-electrospray ionization-triple- 
     quadrupole-MS  
URTI  upper respiratory tract infection  
US  ultrasonography  
USADA  United States Antidoping Agency  
USG  urine specific gravity  
USP  unique selling proportion  
USPIO  ultrasmall superparamagnetic particles of iron oxide  
UTI  urinary tract infections 
UTPT  Unique Trait Personality Theory  
UUN  urine urea nitrogen  
UUPS  underperformance syndrome  
UV  ultraviolet 
UVB  ultraviolet B  
VAS  visual analog scale  
VCT  Vogel conflict test  
VCAM  vascular cell adhesion molecule 
VDR  vitamin D receptor  
VEGF  vascular endothelial growth factor  
VHIR  very high intensity running  
VISA-A  Victorian Institute of Sport Assessment ï Achilles  
VL  vastus lateralis  
VLDL  very low-density lipoprotein cholesterol  
VLT  velocity at lactate threshold  
vMALDI  vacuum matrix-assisted laser desorption ionization  
VO2peak  peak oxygen consumption   
VO2max  maximal oxygen uptake 

4-VP  4-vinylpiridine  
VPDP  Vienna PeeDee Belemnite  
VRM  visual recognition memory  
VT  ventilatory threshold 
WAA  whey amino acids  
WADA  World Anti-Doping Agency 
WAC  Wingate Anaerobic Capacity 
WADC  World Anti-Doping Code  
WAnT  Wingate anaerobic test  
WBC  white blood cells  
WBGT   wet bulb globe temperature  
WBPT  whole-body protein turnover  
WBPTO  whole-body protein turnover  
WBS  whole-body strength 
WBSF  Warner-Bratzler shear force  
WCID  whole column imaging detection  
WG  Wingate test  
WGA  wheat germ agglutinin 
WGH  wheat gluten hydrolysate  
WGO  wheat germ oil  
WIH  water-induced hyperhydration  
Wmax   maximum power output 
WM  white matter  
WMD  weighted mean difference 
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WOC  World Championships 
vVO2max   minimum speed associated with VO2max 

WP  whey protein 
WPH  whey protein hydrolysates  
XCS  cross-country skiing 
XIC  extracted ion current  
XO  xanthine oxidase  
YAS  yeast androgen receptor reporter system 
YPHV  years from peak height velocity  
ZH  zilpaterol hydrochloride  
ZMA  zinc monomethionine aspartate 
ZMA  zinc/magnesium aspartate 
Zn  zinc 

 



 

 

 

 

 

88 

 

BACKGROUND FOR TODAYôS DOPING PROBLEMS 
 
 
More than two thousand years ago, naked athletes competed at the Olympic games in 
ancient Athens for eternal fame and an olive branch. Today, most athletes run, jump or swim 
not only for fame and honour but also for money ï after all, a gold medal is the ticket to 
lucrative advertising contracts. Not surprisingly, professional sports now resemble high-tech 
races in which any technological trick is used to gain milliseconds to set the next record. This 
involves not only designing faster bobsleds, racing bikes or shark-skin swimsuits but also 
pushing the physical abilities of athletes by using the latest medical and biological research 
[07001]. 
 
Since ancient times, unethical athletes have attempted to gain an unfair competitive 
advantage through the use of doping substances, even though the methods and drugs have 
varied over time. Nowadays a list of doping substances and methods banned in sports is 
published yearly by the World Anti-Doping Agency, and what is on that list is defined as 
doping irrespectively if enhance performance or not. A substance or method might be 
included in the list if it fulfills at least two of the following criteria:  
 

- enhances sports performance 
- represents a risk to the athlete's health 
- violates the spirit of sports.  

 
This list, yearly updated to reflect new developments in the pharmaceutical industry as well 
as doping trends, enumerates the drug types and methods prohibited in and out of 
competition. Among the substances included are steroidal and peptide hormones and their 
modulators, stimulants, glucocorticosteroids, beta2-agonists, diuretics and masking agents, 
narcotics, and cannabinoids. Blood doping, tampering, infusions, and gene doping are 
examples of prohibited methods indicated on the list. From all these, hormones constitute by 
far the highest number of adverse analytical findings reported by the antidoping laboratories. 
Although to date most are due to anabolic steroids, the advent of molecular biology 
techniques has made recombinant peptide hormones readily available. These substances 
are gradually changing the landscape of doping trends. Peptide hormones like erythropoietin, 
human growth hormone, insulin, and insulin-like growth factor I are presumed to be widely 
abused for performance enhancement. Furthermore, as there is a paucity of techniques 
suitable for their detection, peptide hormones are all the more attractive to dishonest athletes 
[08001]. 

 
The national attention and economic gains that come with success in professional sports has 
produced tremendous pressure on modern athletes to win at all costs. In 1994, it was 
completed a survey of 198 Olympic level athletes. They were asked, if they were guaranteed 
of winning an Olympic medal and not getting caught would they take a banned substance. 
One hundred and ninety five of 198 athletes answered yes. When presented with the same 
scenario, with a guarantee of winning every competition for the next five years, but they 
would eventually die from adverse effects of the substance, more than 50 percent of the 
athletes reported that they would still use the substance [07002]. 
 
Over the last 20 years systematic doping has become a major threat for elite sport. So far, 
there is no clear information about the daily practice of doping. Repeated scandals and 
recent personal statements have added to our knowledge. Several more recent doping 
agents like Erythropoietin (EPO) and, probably, growth hormone (GH) enhance performance 
in a highly effective way and, together with the well-known anabolic steroids (AAS), belong to 
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the major doping categories. The introduction of EPO has really changed the paradigm in 
endurance sports allowing a good middle class athlete to become a champion. It is evident 
that doping practices are influenced by the possibilities of the anti-doping control system. 
Unethical, criminal medical doctors play a decisive role in the ongoing practice of major 
doping. Apart from the already mentioned substances AAS, EPO and GH several novel 
drugs appear on the horizon. They are highly effective and there is no doubt that they will be 
used in attempts to improve performance. During the last years, doping control systems have 
also been improved: EPO can now be detected in urine samples and the detection of AAS 
has also become much more sensitive. However GH hormone detection is not possible at 
the moment and this remains a major weakness of doping control. Other problems are the 
control procedures which are far from being optimal. In the future the quality of doping 
controls will be decisive and not only the quantity; controls will have to be "intelligent". The 
effective fight against doping in the next years will decide about the survival of elite sport 
[07003]. 
 
The list of drugs prohibited by the World Anti-Doping Agency (WADA) has grown in the last 
decade. The newer entries into this list include gonadotropins, estrogen antagonists, 
aromatase inhibitors, androgen precursors, and selective androgen receptor modulators. The 
use of mass spectrometry has revolutionized the detection of various compounds; however, 
challenges remain in identifying newer designer androgens because their chemical signature 
is unknown. Development of high throughput bioassays may be an answer to this problem 
[10043]. 

 
Success in sports is often defined by winning, which drives athletes to use performance-
enhancing drugs (PEDs) to gain an advantage over opponents. Over the past 20 years, use 
of PEDs by Olympic and professional athletes has led to public discussion regarding 
potential negative health effects and ethical implications of their use. Unfortunately, PEDs 
are not isolated to professional athletes, as PED use in adolescents has increased 
dramatically. Many professional organizations, including the American Academy of 
Orthopaedic Surgeons, have taken a stance against PED use in sports. The AAOS believes 
neither anabolic steroids nor their precursors should be used to enhance performance or 
appearance, and that these substances should be banned in all sports programs. 
Pediatricians and orthopedists are often the first physicians to see these young athletes. It is 
critical for these physicians to recognize the significance of the problem, have the knowledge 
to inform adolescents, dissuade them from future use, and provide viable alternatives for 
meeting performance goals [10435]. 

 
Doping incidents infesting high prestige sport events such as the 1998 Tour de France, 
which was dubbed as the ñTour of Shameò or the 2004 Athens Olympic Games with a 
sudden double number of positive cases; and the reaction to them (i.e. establishing national 
anti-doping agencies) indicate that these events may only be the tip of the iceberg. Whilst the 
adverse analytical findings (positive results) in tests conducted by the World Anti Doping 
Agency (WADA) remain low around 2 percent, other occassions have revealed an elevated 
level of substance use. For example, the presence of some kind of drug or supplement was 
evidenced in 45 percent of the athletes who participated and were tested in the Tour de 
France 2000. However, the problem seems to be rooted more deeply. The literature supports 
the assumption that the consideration of and actual use of doping starts well before the 
athlete reaches his/her best career years as the prevalence of doping, particularly the use of 
anabolic steroids, is well documented among adolescents and even among pre-adolescent 
athletes where a steady increase in doping use was observed over the period of four years 
from age 11 to 15 [07004]. 
 
Ergogenic aids (from the Greek, ergon, meaning work) are ingested to enhance energy 
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utilization in athletes. While there is no scientific evidence to support the usage of these 
agents for enhancing performance in children and adolescents, using supra-physiological 
doses may be associated with undesired side effects [07005]. 

 
Doping is a problem that has plagued the world of competition and sports for ages. Even 
before the dawn of Olympic history in ancient Greece, competitors have looked for artificial 
means to improve athletic performance. Since ancient times, athletes have attempted to gain 
an unfair competitive advantage through the use of doping substances. A Prohibited List of 
doping substances and methods banned in sports is published yearly by the World Anti-
Doping Agency. Among the substances included are steroidal and peptide hormones and 
their modulators, stimulants, glucocorticosteroids, ɓϜ-agonists, diuretics and masking agents, 
narcotics, and cannabinoids. Blood doping, tampering, infusions, and gene doping are 
examples of prohibited methods indicated on the List. Apart from the unethical aspect of 
doping, as it abrogates fair-play's principle, it is extremely important to consider the hazards it 
presents to the health and well-being of athletes. The referred negative effects for the 
athlete's health have to do, on the one hand, by the high doses of the performance-
enhancing agents and on the other hand, by the relentless, superhuman strict training that 
the elite or amateur athletes put their muscles, bones, and joints [11556].  

 
The fact that athletes routinely use a wide array of substances is well documented as are the 
potential reasons for use. Whilst performance-enhancing substances are recognised in 
global as well as local anti-doping prevention programmes, other substances such as 
alcohol, tobacco and psychoactive drugs constitute a somewhat neglected area in the 
current idealised anti-doping educational effort. This prevailing approach creates an artificial 
divide between athletes' lives as sportspersons and private individuals. In reality, athletes 
constantly navigate their athletically active years on a tightrope between the different 
expectations they face both as athletes (often being in the spotlight) and as ordinary citizens, 
and know that failing in one part of their lives could easily result in failures in the other and 
vice versa. Substances in sports are mainly used for the following reasons:  
 

- enhancing physical capacities (e.g. enhancing endurance, strength, or recovery 
between exercise sessions) 

- psycho-stimulation (e.g. as a way of dealing with psychological stress)  
- improving physical appearance (e.g. for achieving a lean figure)  

 
Contemporary sport legislation recognises two types of substances used in sports: non-
controlled substances, such as the majority of nutritional supplements, and products that 
contain prohibited substances (the use of which is often referred to as doping). Nutritional 
supplementation is defined as a preparation intended to provide nutrients, such as vitamins, 
minerals, fibre, fatty acids or amino acids, which are otherwise missing or not consumed in a 
sufficient quantity in the athlete's diet. It is generally accepted that substance use and misuse 
(SUM) in sports is more common in physically demanding sports (e.g. weightlifting or cycling) 
than in sports that require advanced specific motor skills (e.g. diving, sailing, table tennis or 
curling). However, to our knowledge, such generalisation is not sufficiently supported by any 
systematic comparative analyses of SUM across a variety of sports. Instead, the association 
of doping with particular types of sports has mostly come from anti-doping testing and the 
consequential public perception about doping in certain sports such as professional cycling, 
track and field or weightlifting. The majority of sport activities take place outside of controlled 
environments, leading to substance use without medical advice or supervision. The 
mismatch in targets in the anti-doping prevention and deterrence programmes coupled with 
the limited concern over substances such as alcohol and social drugs raises questions about 
the suitability of the current anti-doping policy. Whilst both arms of WADA's anti-doping effort 
represent heroic measures to keep doping out of sports, laboratory statistics shows no 
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significant change between 2003 and 2009 with the proportion of adverse and atypical 
findings ranging between 1.50 and 2.12 percent. Self-reports, alternative analyses and 
epidemilogic estimations indicate that the actual prevalence of doping is greater than this 
official statistic and ranges up to 40 percent. Although it is difficult to make a direct 
comparison between the latter and the WADA laboratory report, a recently published report 
evaluating 7,289 blood samples from 2,737 track and field athletes in the athlete testing pool, 
using the Athlete Biological Passport approach, estimated the prevalence of blood doping to 
be at 14 percent overall and between 1 and 48 percent for sub-populations, which supports 
the results from the epidemiologic studies. Anti-doping policy focuses on preventing selected 
substance use in situations where such behaviourhas been deemed to result in increased 
athletic performance giving an unfair advantage. Drugs such as anabolic steroids that have 
long lasting effects and are considered ñtraining drugsò are prohibited both in and out of 
competition. Other substances, such as alcohol, marijuana and opiates, have only an in situ 
effect on performance and, thus, are only prohibited in competition. Furthermore, the 
detection-based doping policy sanctions athletes if there is evidence of a prohibited drug in 
their body whilst completely disregarding whether the substance found has any performance-
enhancing effect on the individual. This narrow view fails to address health concerns that 
might arise from SUM that happens outside the regulated domain. The main pillars of the 
current anti-doping approach are fair play, level playing field and equal chance; only those 
substances that violate these principles are considered with health being secondary. The 
detection- and sanction-based approach to prevent doping reinforces the priority given to 
protecting the sport instead of protecting the athletes' health. Future anti-doping policies 
should address the gaps that currently exist between the testing pool and all athletes 
including emerging (thus not yet selected for the testing pool) athletes and those training and 
competing at the sub-elite level; A holistic approach to substance use and misuse that 
considers athletes' substance use behaviour as a whole should be used in order to prevent 
doping and preserve not only the integrity of sports but also the athletes' health. Critical 
analysis of one of the three pillars of the doping ban, namely the protection of the health of 
athletes, points to the health risks inherently present in elite level sports along with the 
widespread use of acceptable substances that can also pose health risks. Furthermore, that 
excessive alcohol or social drug use does not pose infringements upon the anti-doping rules 
if their use happens outside of competition is a concerning phenomenon among athletes and 
gym patrons. Both experts and athletes concerned agree that tailored and innovative ways 
are needed to deliver relevant information on performance-enhancing and illicit drugs to 
athletes and key stakeholders [11557]. 

 
 
Semantics and definitions of doping  
 
The International Olympic Committee's (IOC) definition of doping is the "use of an expedient 
(substance or method) which is potentially harmful to athletes' health and/or capable of 
enhancing their performance, or the presence in the athletes' body of a prohibited substance 
or evidence of the use thereof or evidence of the use of a prohibited method". There is no 
mention of intent or of how the substance entered the body. If the substance is in the 
athlete's body, then he or shr is responsible. That is the basis of sanctions for testing positive 
for a prohibited substance. Sir Arthur Porritt, first chairman of the IOC Medical Commission, 
noted: "To define doping is, if not impossible, at best extremely difficult, and yet everyone 
who takes part in competitive sport or who administers it knows exactly what it means. The 
definition lies not in words but in integrity of character". Such agents are also known as 
"performance enhancing substances" (PES) or "performance enhancing drugs" (PED). The 
American Academy of Pediatrics defines these agents as: "...any substance when taken in 
non-pharmacological doses specifically for the purposes of improving sport performance. A 



 

 

 

 

 

92 

 

substance should be considered performance enhancing if it benefits sports performance by 
increasing strength, power, speed or endurance (ergogenic) or by altering body weight or 
body composition [10001]. 

 
The WADA has defined doping in their World Anti-Doping Code (the ñCodeò). Under the 
Code, a violation of one or more of the following rules is considered doping and may result in 
sanction:  
 

- the presence of a prohibited substance or its metabolites or markers in an athlete's 
bodily specimen  

- the use or attempted use of a prohibited substance or a prohibited method 
- possession of prohibited substances and methods 
- administration or attempted administration of a prohibited substance or prohibited 

method to any athlete 
- assisting, encouraging, aiding, abetting, covering up or any other type of complicity 

involving an anti-doping rule violation or any attempted rule violation. 
-  

A substance or method is considered for inclusion on the WADA's prohibited list if the WADA 
determines that the substance or method meets any two of the following three criteria: 
 

- medical or other scientific evidence, pharmacological effect, or experience that the 
substance or method has the potential to enhance or enhances sport performance. 

- medical or other scientific evidence, pharmacological effect, or experience that the 
use of the substance or method represents an actual or potential health risk to the 
athlete. 

- determination by the WADA that the use of the substance or method violates the 
spirit of sport as described in the ñIntroduction to the Codeò   

-  
The current emphasis of prohibition also appears to be based on four factors: 
 

1. Substances within the athlete's body. 
2. Methods that enhance oxygen transfer through blood doping or artificial measures. 
3. Altering collected body fluid samples. 
4. Genetic manipulation. 

 
The interpretation of the Code is a legal one and largely untested. The broad interpretation of 
the principles behind the Code would seem to be related to any substance or method that 
(potentially or actually) enhances sport performance, becomes a health threat to the athlete, 
or is against the spirit of the sport. If the motivation, and indeed, the imperative, of an athlete 
is to constantly seek creative ways to improve the sporting performance, what then is the 
spirit of sport, and what actions are deemed to have violated that spirit? Using a 
biopsychological perspective, issues of what are acceptable levels of naturally occurring 
endogenous compounds, what is a method that is not considered doping, and what is the 
spirit of sport may be discussed especially regarding unnatural amounts of  natural 
substances?Evidence-based medicine requires large sample sizes and preferably 
randomised-controlled trials to provide statistical evidence of significant effects. The issue of 
doping, however, is as much an interpretation of the law, as it is about the scientific and 
statistical evidence. The Code states that ñ...regardless of whether the expectation of 
performance enhancement is realistic..ò.  [12015]. 
 
The WADA characterises spirit of sport under the Code as: 
 

1. ethics, fair play and honesty; 
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2. health; 
3. excellence in performance; 
4. character and education; 
5. fun and joy; 
6. teamwork; dedication and commitment; 
7. respect for rules and laws; 
8. respect for self and other participants; 
9. courage; 
10. community and solidarity. 

 
While these objectives are noble and worthy principles for sport, their abstract nature 
sometimes creates confusion when applied to the day-to-day realities that athletes face. The 
Code cites specific issues in the context of the spirit of sport, but these add to the confusion. 
The WADA states in the Code that the [121015]: 
ñé use of genetic transfer technology to dramatically enhance sport performance should be 
prohibited as contrary to the spirit of sport even if it is not harmful...ò 
and that 
ñé the potentially unhealthy abuse of certain substances without therapeutic justification 
based on the mistaken belief they enhance performance is certainly contrary to the spirit of 
sport regardless of whether the expectation of performance enhancement is realistic...ò  

 
 
A background for understanding performance -enhancing drugs in sports  
 
Performance-enhancing drug use is a prevalent problem in sports. It is a problem that has 
captured the world's attention as the media highlights story after story of athletes who have 
transformed their bodies over a short period of time, those who have simply defied the aging 
process in an attempt to prolong a career and those whose careers have been tarnished 
because of drug use. The baseball investigations and the Mitchell Report of 2007 opened the 
USôs eyes and gave a glimpse of a secretive underground world. This "world" is much more 
intelligent and sophisticated than it is given credit for. It was the goal of one article to 
increase the awareness of the medical provider about the types of steroids and other 
medications used, the influence these substances have on the athletes, and how and why 
they use them [12018]. 

 
Judging cheaters in different domains 
 
The present study examines how individuals judge others who use performance-enhancing 
drugs in two different domains ï the athletic domain and the academic domain. 
Approximately 1,200 males in their freshman year of college completed a questionnaire that 
included two scenarios. One scenario described an athlete who misused anabolic steroids to 
help him succeed at a sporting event. The other described a college student who misused 
Adderall to help him succeed on his midterm exams. Participants rated the extent to which 
they thought the target had cheated and the extent to which they felt the substances were 
necessary for success. Results showed participants believed the athlete was more of a 
cheater than the student, and this difference got larger as past prescription stimulant misuse 
increased. Results also demonstrated that participants felt Adderall was more necessary 
than anabolic steroids for bringing about success. Contributions to the literature on zero-sum 
and non-zero-sum domains are discussed. Implications for future research and efforts to 
prevent substance misuse are described [12019]. 

 
 



 

 

 

 

 

94 

 

Overviews  
 
Doping is a phenomenon which in the past years through the various incidences in for 
example professional cycling has come more and more into the focus of the public interest. 
Whilst in the young past the problems were to define the term "doping" exactly, today's 
problem is to prevent adolescents and children of doping. This may partly be achieved by 
carrying out controls and serious sanctions for doping violations. However, scientific research 
has also proved that doping usage can be avoided by broad specific prevention measures. In 
general, the earlier the athletes dope the higher the risk to become addicted later on in life to 
other legal or illegal drugs. To get closer to a doping-free sport it is imporant to analyse the 
prevalence of doping regarding youth-, competitive-, high performance and recreational 
sports o find more specific ways for prevention. Moreover it may be rewarding to examine 
also other aspects of doping abuse, risks of addiction, the legal situation, current strategies in 
the fight against doping to enhance chances of further doping prevention opportunities. By 
means of this data an all-embracing view should be given over the current situation, 
problems and prospects [10002]. 
 
The drive toward success in sports and the need for a cosmetically acceptable appearance 
have driven many adolescents to take a wide variety of doping substances. The consumption 
of these chemicals in the hope and hype of improved sports performance, fueled by the 
easing of government restrictions on their proof of safety and efficacy, has resulted in an 
explosion of so-called ergogenic products available to the youth. Agents that have been used 
include anabolic steroids, anabolic-like agents, designer steroids, creatine, protein and amino 
acid supplements, minerals, antioxidants, stimulants, blood doping, erythropoietin, beta-
blockers, and others. The use of these agents has considerable potential to cause physical 
and psychological damage. Use and misuse of drugs in this sports doping process should be 
therefore be discouraged. Clinicians providing sports medicine care to youth, whether 
through anticipatory guidance or direct sports medicine management, should educate their 
young patients about the hype and hyperbole of these products that may keep them out 
instead of in the game at considerable financial cost to the unwary consumer [10003]. 

 
Testosterone is the principal male sex hormone. As with all natural steroids, it is 
biosynthesized from cholesterol. Phase I metabolism employs some very specific enzymes 
and pathways. Phase II metabolism and excretion follow more general patterns. The effects 
of testosterone are twofold: anabolic and androgenic. Because of its anabolic effects, 
testosterone is frequently abused in sports. Because of its endogenous nature, testosterone 
doping is difficult to detect. The standard procedure is based on the evaluation of the urinary 
steroid profile. Conspicuous samples then are submitted to compound-specific 13C/12C 
analysis. Synthetic and endogenous steroids differ in this measure. However, numerous 
xenobiotic compounds have been derived from testosterone. The modifications typically aim 
at a reduction of the androgenic properties while maintaining the anabolic potential. Most of 
these compounds have been withdrawn from the legal market but are despite that found to 
be illicitly added to otherwise inefficient nutritional supplements. These products represent a 
major problem to doping control. Recently, also clinical trials with selective androgen 
receptor modulators have been started in a hope to get more anabolism and less androgeic 
effects [10004]. 

 
Little symptoms and signs 
 
Abuse of doping subsrances has become increasingly widespread among athletes also at 
sub competitive and recreational level, due in part to the lack of controls in form of doping 
tests. Hypertension and the many other side effects related to the illicit use of prescription 



 

 

 

 

 

95 

 

drugs pose a substantial but often underestimated threat to public health. The symptoms are 
recognized late and are then mostly repressed or misjudged. Since the abuse is concealed 
to the doctor when help is finally sought, it might result in extensive and expensive tests that 
can seldom lead to an effective treatment. Two case reports were presented to elaborate on 
this issue [10005]. 

 
 
Socio -psychological background to doping  
 
Sporting competition in the society has become the spectacle that mobilises and brings 
together the greatest number of people throughout the world, with the corresponding cultural 
and economic influence that this implies. As a result, the desire for athletic prowess has led 
sportspersons to undergo intense training programs and to consume substances that 
improve their performance, at times having recourse to doping techniques. At present, 
doping is the result of a combination of social, individual, physiological and cultural factors, 
which affect not only professional, but also amateur sportspeople. In order for the control and 
eradication of doping to be efficient, it is necessary to understand the problem and the 
substances that are most employed, amongst which special mention is merited by hormonal 
substances due to the complexity of detecting them and their possible repercussions on 
health [06012]. 

 
 
To move borders é 
 
Human performance, defined by mechanical resistance and distance per time, includes 
human, task and environmental factors, all interrelated. It requires metabolic energy provided 
by anaerobic and aerobic metabolic energy sources. These sources have specific limitations 
in the capacity and rate to provide re-phosphorylation energy, which determines individual 
ratios of aerobic and anaerobic metabolic power and their sustainability. In healthy athletes, 
limits to provide and utilize metabolic energy are multifactorial, carefully matched and include 
a safety margin imposed in order to protect the integrity of the human organism under 
maximal effort. Perception of afferent input associated with effort leads to conscious or 
unconscious decisions to modulate or terminate performance; however, the underlying 
mechanisms of cerebral control are not fully understood. The idea to move borders of 
performance with the help of biochemicals is two millennia old. Biochemical findings resulted 
in highly effective substances widely used to increase performance in daily life, during 
preparation for sport events and during competition, but many of them must be considered 
as doping and therefore illegal. Supplements and food have ergogenic potential; however, 
numerous concepts are controversially discussed with respect to legality and particularly 
evidence in terms of usefulness and risks. The effect of evidence-based nutritional strategies 
on adaptations in terms of gene and protein expression that occur in skeletal muscle during 
and after exercise training sessions is widely unknown [08002]. 
 
The creed of the Olympics states: "The important thing in the games is not winning but taking 
part. The essential thing is not conquering, but fighting well". As noble a goal as this is, it has 
little to do with the reality of the modern sports world. Athletes today are expected and 
encouraged to seek every possible way to improve their performance, including specialised 
training, hi-tech design of equipment and apparel, scientific and medical support, including 
the use of nutritional supplements [08003]. Being a high performing athlete is nowadays a 
profession that requires dedication, long-term commitment and sacrifice [08004], whereas a 
great concern to sport governing bodies is the chemical alteration of athletic performance. 
The intriguing question is then what compels athletes to risk their health or reputation for 



 

 

 

 

 

96 

 

outstanding sports performance, how high price the athelete is willing to pay, and what 
factors make athletes vulnerable to doping and at which point of their careers [08005]. New, 
more powerful and undetectable doping techniques and substances are now abused by 
professional athletes, while sophisticated networks of distribution have developed. 
Professional athletes are often the role models of adolescent and young adult populations, 
who often mimic their behaviors, including the abuse of drugs [08006]. 
  
Breaking of borders 
To explore how current substance use, including the use of sports supplements and illicit 
drugs, may impact upon a person's future intentions to use anabolic-androgenic steroids 
(AAS) 214 exercising males (mean age, 30 years; range, 17-61 years) recruited from 5 
gymnasia in Sydney, Australia, completed a web-based survey. The survey contained 
questions relating to sport supplement use, illicit substance use, reasons for currently not 
using AAS, and reasons for intending to use AAS in the future. Participants completed a 
structured interview schedule that included questions regarding licit and illicit substance use, 
reasons for non-AAS use, and, where appropriate, reasons for intended future AAS use. 
Sixteen percent of the sample indicated that they would use AAS in the future. Reasons for 
future AAS use included increasing muscle size (80 %), improving appearance (74 %), and 
increasing strength (57 %). Four-fifths (80 %) of the sample reported use of sports 
supplements, with vitamins and protein supplements commonly reported (83 % and 67 %, 
respectively); more than one-third (36 %) reported use of creatine in the past 6 months. Half 
(52 %) of the sample reported use of illicit substances in the preceding 6 months, with 
amphetamines and cannabis commonly reported (66 % and 62 %, respectively). Significant 
predictors of intending to use AAS included past 6-month use of creatine and knowing AAS 
users. The authors concluded that the use of sport supplements and/or illicit substances may 
remove barriers for the future use of such drugs as AAS [09011]. 
 
 

Much to win  
 
Athletes are rewarded for winning at virtually every level of competition. Second place is 
viewed as the "first loser". A coach's job security is directly related to his team's success, not 
that they are simply "fighting well". Given this reality, it is not surprising that athletes and 
coaches will sacrifice and risk a great deal in order to obtain a competitive edge and enhance 
performance at all costs. Performance enhancement in Olympic and professional sport has 
now become a medical, ethical, and legal problem for modern athletes and athletic 
organizations. This is primarily due to the amount of money associated with winning in 
today's sports industry. Multimillion dollar contracts, appearance fees, international 
endorsement and sports merchandising represent a billion dollar industry that offers today's 
athletes, their sponsors and entourage previously unheard of financial gains. Driven by the 
millions of dollars now routinely available for winning a sporting event, unethical pharmacists, 
medical professionals, trainers and sports organizations have worked secretly, and at times 
without their athletes' consent, to develop sophisticated doping programs where performance 
is optimized, often at the risk of the athletes' health. Now, these same doping programs are 
moving out of the professional sports market to our youth and other at-risk populations at 
alarming rates [08006]. 
 
Modern sports and the media's misplaced fixation on fame, fortune and winning at all costs 
have unintentionally created a growing market for doping substances. These substances, 
once only abused by elite athletes, are clearly spreading into schools and health clubs 
worldwide. They are being accepted by a whole new generation of young customers who see 
reports daily in the newspapers of sports icons accused of abusing drugs only to continue 
playing, breaking records and claiming fortunes. These same performance-enhancing drugs 
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are also abused by adolescents and weekend athletes and non-athletes who have wider 
behavioral and health risk problems. In addition, these drugs are now being abused by male 
and female adolescents for cosmetic purposes in an attempt to achieve the "cut" and sexy 
look promoted by the media [08006].  
 
 

Ergogenic potential of AAS  
 
It was in 2005 described physiological changes that occurred in a Tour de France cyclist as 
he matured from 21 to 28 years of age during the period of 1992 to 1999. This cyclist has 
recently admitted to using performance-enhancing drugs: erythropoietin, red blood cell 
reinfusion, testosterone, cortisone, and human growth hormone. The main physiological 
improvements he displayed over this 7-year period during which the author was testing him 
were an improved gross mechanical efficiency and a reduced body weight. It is also worth 
noting that four of the five laboratory-based physiological testing sessions were performed in 
the precompetitive season or with reduced training, although one session was conducted at 
the end of the competitive season. It is not possible to know the extent to which his drug use 
might have improved his gross mechanical efficiency because there have not been direct 
studies conducted to the authorôs knowledge. Erythropoietin and/or red blood cell reinfusion 
would seem to be taken acutely during the competitive season to boost blood volume during 
a race, although it is conceivable that erythropoietin could be taken as a training aid. 
However, it seems unlikely that this cyclist had elevated blood volume at the time of 
physiological laboratory testing. Furthermore, it is unlikely that an elevated blood volume 
would improve gross mechanical efficiency, because studies that have acutely infused red 
blood cells into athletes have not reported changes in efficiency measured from open circuit 
spirometry. Since publication of the 2005 paper, there have been several reports of 
champion athletes displaying improved efficiency of movement. The world record holder in 
the womenôs marathon, Paula Radcliffe, displayed a remarkable 15 percent improvement in 
running economy between 1992 and 2003. Therefore, there is growing evidence that 
mechanical efficiency can improve with chronic training. However, we cannot be absolutely 
certain that the improved gross mechanical efficiency and reduced body weight displayed in 
the subject of the 2005 paper was not somehow influenced by his reported drug use [0021]. 

 
Although AAS have been used in sports for ergogenic purposes for decades, many believed 
that the improved performance seen with AAS was due to their influence on motivation and 
aggression. It took landmark studies from Bhasin et al to prove that testosterone dose-
dependently increases muscle mass, maximal voluntary strength, and power and that these 
improvements are correlated with circulating testosterone concentrations. There are multiple 
mechanisms that lead to this anabolic response. Androgens are known to increase fractional 
muscle protein synthesis and increase the size of both type I and type II muscle fibers. 
Studies have also shown that testosterone directs the pluripotent mesenchymal stem cell 
toward myogenic lineage rather than adipogenic lineage. Some clinical trials of testosterone 
replacement in hypogonadal elderly men have also shown improvement in muscle strength. 
Because androgens improve maximal voluntary muscle strength, it is understandable that a 
high rate of androgen use is seen among weight lifters and other power athletes. However, 
the use of androgens in endurance events, e.g. bicycling, is not based on scientific evidence 
because androgens have not been shown to improve whole body endurance. There are two 
types of androgen doping: direct and indirect. Direct doping involves exogenous 
administration of both natural and synthetic androgens. Indirect doping refers to using 
compounds that increase the production of endogenous testosterone (estrogen receptor 
antagonists or aromatase inhibitors), androgen precursors (dehydroepiandrosterone (DHEA), 
androstenedione), and gonadotropins [13003].  
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Testosterone/epitestosterone (T/E ratio) 
 
To circumvent the detection of synthetic androgens, athletes have resorted to doping with 
testosterone. Hence, the detection of illegal use depends upon distinguishing between 
endogenous and exogenous testosterone. There are two main detection methods available. 
Epitestosterone (17alpha-hydroxy-4-androsten-3-one) is a 17-epimer of testosterone that is 
also secreted by the Leydig cells of the testes. It was first described in 1947 as an androgen 
metabolite; however, the first direct evidence of its urinary excretion was seen in the 1960s. It 
is biologically inactive, and there is no interconversion between testosterone and 
epitestosterone. Although its production rate is less than 5 percent of testosterone, its urinary 
excretion is 33 percent that of testosterone. It is mainly excreted in the urine as a 
glucuronide; however, a small amount is also excreted as a sulfate. Due to its rapid 
clearance, excretion rates of testosterone and epitestosterone are similar, making the urinary 
T/E ratio approximately 1. Because there is no interconversion between the two compounds, 
administration of exogenous testosterone results in an increase in the T/E ratio. 
Measurement of T/E ratio in a large number of athletes has shown that generally the ratio 
remains below 6. This initially led the IOC to adopt the cutoff threshold of 6 to consider the 
test as positive. However, it was later recognized that genetic differences in various 
populations may influence T/E ratio. Some athletes have low endogenous epitestosterone 
production rate; hence, their T/E ratio always exceeds 6. To the contrary, a deletion 
polymorphism in uridine diphosphate glucuronyl transferase 2B17, an enzyme that facilitates 
epitestosterone excretion, lowers T/E ratios (especially in Asian populations). Considering 
these genetic variants, the IOC recently lowered the T/E cutoff ratio to 4. Hence, any value 
above 4 is considered suspicious. To complicate matters, some athletes may mask the use 
of exogenous testosterone by coadministration of epitestosterone. In such cases, the 
exogenous use of epitestosterone is detected by elevated concentrations of its urinary 
metabolites. Generally, in athletes not using AAS, the T/E ratio remains fairly constant. 
Hence, monitoring T/E ratio serially in the same athlete is occasionally performed to detect 
any change that may suggest illicit use [13003].  

 
Isotope ratio mass spectrometry (IRMS) 
 
If the T/E ratio is abnormal, the WADA requires additional confirmation by gas 
chromatography combustion IRMS, which involves measurement of 13C/12C isotope ratio in 
testosterone. This method is based on the fact that the percentage of 13C (a naturally 
occurring isotope of carbon) in endogenous testosterone (synthesized in the body from 
carbon sources derived from animals and plants) is higher than in synthetic testosterone. 
Hence, synthetic testosterone has a lower 13C/12C ratio. During the IRMS, the steroids are 
separated by gas chromatography and oxidized to carbon dioxide in a combustion chamber. 
The ratio of 13CO2/12CO2 is monitored in an isotope ratio mass spectrometer. A lower 13C/12C 
ratio suggests exogenous testosterone administration. In addition to testosterone, IRMS is 
also used to distinguish endogenous from exogenous nandrolone, dihydrotestosterone, and 
DHEA [13003]. 

.  
Synthetic androgens 
 
The availability of synthetic androgens has not only provided more options for the athletes 
but at the same time circumvents their detection by the doping authorities because chemical 
signatures of many of these compounds are not readily available. Norbolethone has been 
credited as the first designer androgen that was identified in the 1960s. In 2002, its chemical 
signature was identified after it was detected in an athleteôs urine. In 2003, 
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tetrahydrogestrinone was identified. It is a derivative of gestrinone (a progestin); hence, it is 
both a potent androgen and progestin. In 2005, a third designer androgen was identified as 
desoxymethyltestosterone. In addition to these androgens, SARMs have recently gone to 
clinical trials and have the potential for abuse in various sports. Various bioassays are being 
employed in the detection of these designer androgens [13003].  

 
Androgen bioassays 
 
Bioassays are functional assays that are employed to determine the bioactivity of a 
compound. Hence, they measure potency of a substance. The unit of bioactivity is defined as 
the lowest concentration at which a functional response is measured. This unit is then 
compared with known bioactivity of a standard compound (such as testosterone or 
dihydrotestosterone). The main advantage of these bioassays lies in their ability to detect 
even those androgens whose chemical structure is unknown, hence making this an ideal tool 
to detect novel designer androgens (unlike RIA and mass spectrometry that require the 
chemical signature of the steroid to be known). Bioassays can be divided into in vivo and in 
vitro assays. The former involves evaluation of in vivo responses of androgenic stimulation 
such as the growth of capon comb or changes in weight of androgen-depended tissues 
(levator ani, seminal vesicles, etc.) in castrated male rats. These assays are time consuming 
and expensive. Hence, in vitro assays are used more commonly because they are faster, 
relatively inexpensive, and can simultaneously screen a large number of test samples. The in 
vitro assays are of three types [13003]:  
 

- Receptor binding assays: These assays evaluate the ability of a substance (test 
sample) to bind to the androgen receptor in the presence of a known radioactive 
ligand for the receptor. Hence, the displacement of the radioactive ligand from the 
androgen receptor by the test sample correlates with its bioavailability.  

- Cell proliferation assays: These assays involve measurement of bioactivity of an 
unknown substance by its ability to proliferate androgen-dependent cell lines, e.g. 
human prostate cancer cell line (LNCap). Although sensitive, these assays are not 
entirely specific for androgens.  

- Reporter gene assays: In these assays, the bioactivity of a compound is measured by 
the degree of expression of the reporter gene. These assays can be performed in 
either yeast (usually Saccharomyces cerevisiae) or mammalian cells. In short, the 
process entails choosing a host cell line that does not express an endogenous 
androgen receptor. The next step involves introduction of two plasmids into the cell 
line: an expression plasmid for constitutive expression of androgen receptor in the 
cells and a reporter plasmid in which the androgen response element sequences 
drive the expression of a truncated form of firefly (Photinus pyralis) luciferase. The 
latter serves as the reporter gene. The amount of luciferase expression is 
proportional to the bioactivity of the compound being tested in the sample and is 
measured by luminometry. These assays have now been optimized for high 
throughput screening. Hence, a large number of samples can now be tested with 
reporter gene assays.  

 
Indirect androgen doping 
 
Indirect doping refers to strategies employed by athletes that result in a sustained increase in 
endogenous testosterone production and is tailored to circumvent the banning enforced on 
the administration of natural or synthetic androgens by WADA. These strategies include 
[13003]: 
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- estrogen blockers such as estrogen receptor antagonists (antiestrogens) or 
aromatase inhibitors 

- androgen precursors such as DHEA and androstenedione 
- gonadotropins.  

 
Estrogen blockers 
 
The rationale for using estrogen antagonists and aromatase inhibitors stems from the fact 
that estrogen is a more powerful negative regulator of hypothalamic-pituitary-gonadal axis 
than testosterone itself. This is evident in men with congenital aromatase deficiency where 
both androgens and gonadotropins are elevated and exogenous estrogen replacement 
suppresses them. Although less than 1 percent of daily testosterone produced is aromatized 
to estradiol, it has 100-fold higher molar potency than testosterone. Hence, the reflex rise in 
endogenous testosterone as a result of estrogen blockade may result in myotrophic effects, 
although the rise in serum testosterone concentrations is modest (50-65 %). Hence, both 
estrogen receptor antagonists and aromatase inhibitors have been put on the list of banned 
drugs by WADA.  The original antiestrogens were the nonsteroidal drugs like clomiphene and 
tamoxifen that bind to both estrogen receptor alpha and beta. Since then, newer nonsteroidal 
agents have become available such as raloxifene, toremifene, and droloxifene. The newest 
steroidal estrogen analog that has come to market is fulvestrant. Aromatase is an enzyme 
that is a product of CYP19 gene and is responsible for converting testosterone to estradiol. 
Aromatase inhibitors completely and irreversibly inhibit this enzyme, which results in a 
decrease in estradiol synthesis. Aminoglutethimide was the first steroidal drug in this class. 
Since then, more specific and potent steroidal aromatase inhibitors have become available 
such as testolactone, atamestane, and exemestane. The nonsteroidal aromatase inhibitors 
include anastrozole, letrozole, and vorozole. Recently, mass spectrometric methodologies 
have become a formidable tool in identifying both estrogen blockers and aromatase 
inhibitors. Hence, a sensitive and robust assay is now available to circumvent indirect doping 
by these agents [13003].  

 
Androgen precursors 
 
This class of agents includes drugs like androstenedione and DHEA. Androstenedione is a 
prohormone that is produced in the gonads and the adrenals in both sexes. It is synthesized 
from DHEA and is converted to testosterone by 17beta hydroxysteroid dehydrogenase. On 
the other hand, DHEA is predominantly secreted by the adrenal glands. Both these 
compounds were sold over the counter in an uncontrolled fashion as dietary supplements for 
almost two decades under the Dietary Supplement Health and Education Act. It was only 
recently that the US Congress added androstenedione to the list of banned steroids. To the 
contrary, the IOC prohibited the use of these agents more than a decade ago (DHEA in 
November 1996 and androstenedione in December 1997). Androstenedione at a dose of 300 
mg results in a significant increase in serum testosterone levels, whereas a dose of 1500 mg 
results in an increase in lean body mass and muscle strength. Similarly, one study showed 
that DHEA at high doses (100 mg) also results in an increase in muscle strength. Hence, the 
banning of both these prohormones by the IOC is justified because they do carry ergogenic 
potential. Each of these hormones results in an increase in T/E ratio, which is then followed 
by confirmation of 13C/12C ratio with IRMS. In the case of androstenedione, another mode of 
confirmation is by measuring its metabolite, 4-hydroxyandrostenedione, by mass 
spectrometry or IRMS [13003].  

 
Gonadotropins 
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Another form of indirect doping is the use of gonadotropins such as LH or human chorionic 
gonadotropin (hCG), both on the WADAôs list of prohibited drugs for male athletes. The latter 
is a dimeric glycoprotein containing an alpha- and a beta-subunit that is normally produced 
by the human placenta. Its alpha-subunit is similar to other glycoprotein hormones such as 
FSH, LH, and TSH. It undergoes glycosylation with sialic acid residues that prolongs its half-
life and makes it a long-acting analog of LH. Clinically, recombinant LH or hCG is used to 
stimulate spermatogenesis and endogenous testosterone production in men who have 
central hypogonadism and desire fertility. Not only are hCG and LH expensive, requiring 
injections several times per week, but the evidence that they improve muscle strength is 
sparse. A small randomized placebo-controlled study of older men showed that hCG therapy 
resulted in an increase in serum testosterone levels and lean body mass; however, it failed to 
improve upper or lower body strength (61). In addition to its presumed ergogenic effects, 
subjects abusing AAS also use hCG to avoid detection of exogenous testosterone by 
stimulating endogenous testosterone production and preventing testicular atrophy. Because 
hCG doesnôt alter T/E ratio, this methodology is not useful in the detection of indirect doping 
with hCG. The detection of hCG is initially performed with immunoassays, and if positive, 
confirmation is carried out with immunoextraction and mass spectrometry. hCG is not 
banned in female athletes because there is no evidence suggesting that it improves muscle 
mass and strength. Furthermore, there is an ethical dilemma because positive hCG may 
reveal underlying pregnancy and is therefore considered an invasion of privacy. Detection of 
LH is accomplished by immunoassays [13003].  

 
GnRH is synthesized in the hypothalamus, and it is transported from there via the 
hypothalamic-pituitary portal venous microcirculation to stimulate the gonadotrophs, resulting 
in LH and FSH production. For this, GnRH must be secreted in a pulsatile fashion (peaks 
every 60ï90 min). Continuous administration of GnRH desensitizes the gonadotrophs, 
resulting in down-regulation of GnRH receptors. This results in suppression of testosterone 
to castrate levels (after an initial flare) and forms the basis of therapy for prostate cancer. 
Pulsatile administration of GnRH via pumps is performed in clinical settings in men who have 
a hypothalamic cause of hypogonadism; however, serum testosterone levels achieved are 
generally within the therapeutic range. Hence, GnRH administration doesnôt result in 
sustained production of supraphysiological testosterone levels. For these reasons, GnRH 
and its analogs are not banned by WADA. However, mass spectrometry-based assays have 
been developed to detect the use of exogenous GnRH. Under normal circumstances, only 
fragments of GnRH may be detectable in the urine. Hence, a urinary concentration of intact 
GnRH of at least 20 pg/ml is considered unambiguous evidence for surreptitious use of the 
hormone [13003].  

 
For decades, scientists have been trying to dissect out the anabolic and androgenic 
properties of androgens. The discovery of SARMs was a result of the constant quest for 
achieving tissue selectivity mainly so that the anabolic effects of these compounds on muscle 
and bone can be achieved without any risk to the prostate. This tissue selectivity is of 
tremendous importance in the elderly who have a higher incidence of prostate-related 
events. This was finally accomplished in 1998 when it was developed the first SARM. This 
compound was derived from androgen receptor antagonists like flutamide and bicalutamide. 
Over the years, four groups of SARMs have been synthesized. These include 
arylpropionamides, bicyclic hydantoins, quinolines, and tetrahydroquinolines. Based on their 
anabolic properties in musculoskeletal tissues, in January 2008, WADA added SARMs to its 
prohibited list. Because SARMs possess enormous structural heterogeneity, their detection 
remains a daunting task. However, most of the available SARMs can be detected either by 
liquid or gas chromatography tandem mass spectrometry [13003].  

 

http://jcem.endojournals.org/content/95/4/1533.long#ref-61
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Boosting in paraolympic  
 
ñBoostingò is defined as the intentional induction of autonomic dysreflexia (AD) by athletes 
with a spinal cord injury (SCI) at or above the level of T6 for the purpose of improving sports 
performance. Boosting has been shown to confer up to a 10 percent improvement in race 
time. Additionally, to compete in a hazardous dysreflexic state, whether intentional or 
unintentional, would present an extreme health risk to the athlete. For these reasons, the 
International Paralympic Committee strictly bans the practice of boosting, and has developed 
a protocol to test for its presence. Testing was performed at three major international 
Paralympic events. Education regarding the dangers of AD was provided to athletes and 
team staff. Testing was conducted on athletes from the relevant sport classes: Athletics 
(wheelchair racing classes T51/T52/T53) and Handcycling (H1). Key parameters included 
the athlete's demographics (gender, country of origin), classification and blood pressure 
measurements. An extremely elevated blood pressure was considered to be a proxy maker 
for AD, and a systolic blood pressure of Ó180 mm Hg was considered a positive test. A total 
of 78 tests for the presence of AD were performed during the three games combined. No 
athlete tested positive. The number of athletes tested, by classification, was: 6 in Athletics 
T51, 47 in Athletics T52, 9 in Athletics T53 and 16 in Handcycling H1. Of those tested, the 
average systolic and diastolic blood pressures were 135 mm Hg (range 98-178) and 82 mm 
Hg (range 44-112), respectively. All athletes were compliant with testing. No athletes were 
withdrawn from competition due to the presence of AD. Testing for the presence of AD in 
paralympic athletes with SCI prior to competition has been carried out for the first time at 
three major international paralympic competitions. There have been no positive tests thus 
far. Knowledge gained during these early testing experiences will be used to guide ongoing 
refinement of the testing protocol and the development of further educational initiatives 
[13056]. 

 
Possible lack of effects of doping 
 
Doping is a serious issue bedevilling the sporting arena. It has consequences for athletes' 
careers, perception of sports in the society and funding of sports events and sporting 
organisations. There is a widespread perception that doping unfairly improves results of 
athletes. A statistical study of information on best lifetime results of top 100 m sprinters 
(males better than 9.98 s, females 11.00 s), over the period of 1980-2011 was conducted. 
Athletes were divided into categories of ñdopedò (n=17 males and 14 females), based on self 
admission, the confirmed detection of known doping agents in their bodies or doping 
conviction, and ñnon-dopedò (n=46 males and 55 females). No significant differences 
(unpaired t-test) between dopers and non-dopers were found in their average results: male 
ñdopersò 9.89 s identical with 'non-dopers' 9.89 s, females 10.84 s and 10.88 s respectively. 
Slopes of regressions of best results on dates for both 'dopers' and 'non dopers' were not 
significantly different from zero. This indicates that no general improvement as a group in 
100 m sprint results over a quarter of a century occurred irrespective of doping being or not 
being used. Since there are no statistical differences between athletes found "doping" and 
the others, one of the following must be true: (1) "doping" as used by athletes so detected 
does not improve results, or (2) "doping" is widespread and only sometimes detected. Since 
there was no improvement in overall results during the last quarter of the century, the first 
conclusion is more likely. Objectively, various "doping" agents have obvious physiological or 
anatomical effects. These may not translate into better results due to the clandestine use of 
doping that prevents its scientific structuring. Perception of the effectiveness of doping 
should be reconsidered. Policy changes may be required to ensure the continued fairness 
and equity in testing, legislation and sports in general [13022]. 
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Cognitive doping 
 
A growing concern in todayôs society is the consumption of substances to increase physical 
or cognitive performance. For example, the use of drugs such as anabolic steroids in 
professional sports has long been a concern. In order to combat physical doping in 
professional sports, the World Anti-Doping Agency (WADA) annually lists banned 
substances. Besides illicit or banned drugs, athletes also consume legal and freely available 
substances such as analgetics, caffeine, and other ergogenic aids (e.g. creatine, vitamins, 
minerals, carbohydrates, proteins), which may also improve physical performance. Cognitive 
doping can include illicit substances (e.g. cocaine) and prescription drugs (pharmacological 
neuroenhancement) such as stimulants (e.g. methylphenidate and amphetamines), 
antidepressants, beta-blockers, or modafinil, which are primarily designed and used for the 
treatment of diseases. Prevalences for the use of such cognitive-enhancing substances 
range from 1.2 to 35 percent among German and American students, and are estimated to 
be 20 percent among readers of the journal Nature, 20 percent among surgeons, and 5 
percent among office workers in Germany. Besides illicit and prescription drugs, the use of 
legal and freely available substances such as ginkgo biloba or caffeinated drinks (e.g. coffee, 
energy drinks) are also a matter of debate although their ergogenic potential is still unknown.  
It is of particular concern that these nutritional supplements have been shown to fail tests of 
safety, purity, and quality of ingredients and may contain prohibited substances. One study 
assessed, for the first time, prevalence estimates for physical and cognitive doping within a 
single collective of athletes using the randomized response technique (RRT). Furthermore, 
associations between the use of legal and freely available substances to improve physical 
and cognitive performance (enhancement) and illicit or banned substances to improve 
physical and cognitive performance (doping) were examined. An anonymous questionnaire 
using the unrelated question RRT was used to survey 2,997 recreational triathletes in three 
sports events in Germany. Prior to the survey, statistical power analyses were performed to 
determine sample size. Logistic regression was used to predict physical and cognitive 
enhancement and the bootstrap method was used to evaluate differences between the 
estimated prevalences of physical and cognitive doping. 2,987 questionnaires were returned 
(99.7%). 12-month prevalences for physical and cognitive doping were 13 and 15 percent, 
respectively. The prevalence estimate for physical doping was significantly higher in athletes 
who also used physical enhancers, as well as in athletes who took part in the European 
Championship in Frankfurt compared to those who did not. The prevalence estimate for 
cognitive doping was significantly higher in athletes who also used physical and cognitive 
enhancers. Moreover, the use of physical and cognitive enhancers were significantly 
associated and also the use of physical and cognitive doping. The use of substances to 
improve physical and cognitive performance was associated on both levels of legality 
(enhancement vs doping) suggesting that athletes do not use substances for a specific goal 
but may have a general propensity to enhance. This finding is important for understanding 
why people use such substances. Concerning a potential gateway for cognitive doping, the 
prevalence estimate for cognitive doping was significantly higher in athletes who used 
cognitive enhancers than those who did not. Since we do not know which type of substance 
was used first by the athletes ï legal and freely available or illicit substances ï these data do 
not strongly support the gateway theory that the use of cognitive enhancers is the first step 
for cognitive doping. Consequently, more effective prevention programs against substance 
abuse and doping could be developed [13023]. 

 
Doping may be defined, broadly, as the use of unauthorised means to increase performance 
in sport. Doping is most commonly associated with the use of drugs. It was discussed some 
recent advances in neuroscience that suggest that the skills and abilities underpinning sports 
performance can be enhanced using technologies that change the activity of the brain. 
These factors may include motor learning, enhanced muscular strength or reduced fatigue, 
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or even changes to mental state or concentration. The devices needed to generate these 
effects are already available, and are currently in use in laboratories or clinics to produce 
short- or long-term changes in performance. It was argued that brain stimulation, or 
neurodoping, will become a key technology for the future of sport and sports medicine. It will 
be suggested that neurodoping may have different uses in different sports, and it was argued 
that each sport must determine whether neurodoping should be considered as cheating, or 
should be considered a legitimate aid to training or performance [13024].  

 
Brain stimulation techniques 
 
Two main brain stimulation techniques are available. Transcranial magnetic stimulation 
(TMS) involves the discharge of brief magnetic pulses through a stimulating coil held against 
the subjectôs head. This rapidly-changing magnetic field induces electric currents in the brain 
tissue near to the centre of the coil. The immediate effect of this is to generate action 
potentials in those cells, followed by a refractory period as the cell recovers. The fire-
andrecover pattern is most visible when a TMS pulse is triggered over the hand area of 
primary motor cortex: muscle activity of the contralateral hand, measured with electromyo-
graphy, shows a burst (called the motor-evoked potential) followed by relative quiescence 
(called the silent period). Recent developments in the application of TMS have involved 
temporally patterning the pulses delivered by the stimulator to induce both inhibitory and 
excitatory effects in the target brain area (called thetaburst stimulation). These effects outlast 
the stimulation phase by several tens of minutes, with the possibility of longer-term 
reorganisation of brain activity if the stimulation is applied at regular intervals. Transcranial 
current stimulation (tCS) comes in two common variants. Transcranial direct current 
stimulation (tDCS) involves passing a weak electric current from a negative electrode 
(cathode) to a positive electrode (anode). The magnitude and polarity of the electric field at 
the brain surface near the electrodes determines its effect: cells in the vicinity of the anode 
will tend to increase in excitability, through a process thought to involve a modulation of the 
resting membrane potential of the cells; conversely, cells near the cathode become less 
active through the same process. Transcranial alternating current (tACS) uses a similar 
principle, except that the current alternates at a specific frequency. Researchers typically 
apply tACS with a frequency related to functionally-relevant oscillatory brain potentials, such 
as might be seen with electroencephalography. tCS has a number of advantages over TMS. 
The technology is cheaper and more portable. Indeed, wireless tCS stimulators are now 
commercially available, and websites exist that give instructions for home-made tCS 
stimulators. TMS is, however, a more focal technique, with a relatively small area of the brain 
being affected by the sti13ulation, whereas the electric field induced by tCS spreads across 
the whole brain surface [0024]. 

 
What can be done with brain stimulation? 
 
It is foreseen two domains where neurodoping may potentially change performance in sport. 
These divide into immediate gains from increasing cortical excitability versus longerterm 
gains from stimulation during training. In the óóacuteôô phase following stimulation, participants 
have demonstrated enhanced motor skills including: improved time-to-fatigue, response time, 
and tremor suppression. The effect of tDCS is maximal shortly after the end of stimulation 
and declines over roughly a 20- to 60-min period, depending on the stimulation parameters. 
The effects of theta-burst TMS last for a similar length of time, but with the peak of effect 
some 5 min after the end of stimulation. So, it is possible to envision a time when an athlete 
might take a óóhitôô of stimulation before shooting a pistol or setting off on a ski slalom. A 
second use of neurodoping might be in skill acquisition. Skills learned in the context of 
anodal tDCS are acquired more rapidly, and reproduced more accurately, than those learned 



 

 

 

 

 

105 

 

without. Sports performance at the highest levels require good technique and good timing. 
These are skills learned during training, so enhancing the efficiency of learning during the 
training phase will be of greater benefit at competition time. It has been suggested that an 
athlete could use these techniques to make training more efficient and thereby gain an 
advantage. It is possible that neurodoping will add little to the performance of elite athletes. 
Most studies of brain stimulation recruit non-expert, healthy participants from the community 
of the laboratory (in practical terms, university students) and test in conditions where 
performance is likely to be changed but not reach its maximum. Elite athletes who are 
already performing close to the physical limits of the human body may not gain from the 
potential benefits of brain stimulation. Further research is needed to explore whether 
neurodoping and elite performance are compatible [13024]. 

 
Can it be detected? What are the risks? 
 
There is no known way to detect reliably whether or not a person has recently experienced 
brain stimulation. A modern technique for analysing brain composition is magnetic resonance 
spectroscopy (MRS), which can detect changes in the concentration of neurotransmitters 
and related metabolites. Theta-burst TMS appears to affect inhibitory processing by gamma-
amino butyric acid (GABA) while not affecting excitatory processing involving glutamate. 
Anodal and cathodal tDCS modulate GABAergic and glutamatergic processing differently. 
When looking specifically at the brain region targeted by TMS or tDCS, the changes in brain 
chemistry are of the order of 10 percent in metabolite concentration, and require carefully 
controlled conditions to pick out the signal from the noise. Several factors means that MRS is 
unlikely to be of practical utility in detecting neurodoping [13024]. 

 
Ethical issues 
 
There is an argument that human enhancement of any type is not wrong in sport or in any 
other context. It has been argued that enhancing performance with drugs is analogous to an 
act of creativity whose only limit should be the safety of the participant. So, by this argument, 
regulating pharmacological enhancers places an unnecessary constraint on the limits of 
human achievement. Allowing drug enhancement would simply add another option for 
athletes who wish to choose among all the available means of improving their overall 
performance. While the analogy with the kind of neuroenhancement is not perfect, 
nonetheless brain stimulation offers a potential adjunct for immediate performance or for 
training and should be considered as if it were another form of drug doping. A related 
question about the use of human enhancement is whether the performance shown by the 
person is óóauthenticallyôô theirs. If a neuro-enhanced sprinter is faster in reacting to the 
starterôs pistol, is that advantage hers or should the stimulator be given the credit? It was 
recently argued that brain training with tDCS enhances the personôs own latent cognitive 
abilities and increases the efficiency of a training programme. Thus, brain stimulation 
mediates a personôs ability but does not enhance it in the strictest sense. A third argument is 
practical: as discussed above it is not possible, as far as is known, to determine whether a 
person has or has not had brain stimulation. Each sport determines its own rules. It would be 
suggested that each sport determines whether neurodoping poses a risk to its ethos. For 
example, performance in a sport such as pistol-shooting would be greatly improved by 
tremor reduction, so governing bodies should decide whether shooters should be prevented 
from using tACS during or immediately before competing to reduce tremor, just as beta-
blockers are banned in many sports. Conversely, a tennis playerôs performance in a match is 
heavily influenced by the probability of regularly getting the first service in, which is a skill 
learned in training and therefore potentially susceptible to neurodoping [13024]. 

 



 

 

 

 

 

106 

 

 
Effect of international results during the anti -doping era  
 
100 meter and 5000 meter 
 
The introduction of doping substances and methods in sports triggers noticeable effects on 
physical performance in metric sports. Here, we use time series analysis to investigate the 
recent development in male and female elite sprinting performance. Time series displaying 
the average of the world's top 20 athletes were analyzed employing polynomial spline 
functions and moving averages. Outstanding changes in performance over time were 
statistically analyzed by Welch's t-test and by Cohen's measurements of effect. For validation 
we exemplarily show that our analysis is capable of indicating the effect of the introduction of 
in- and out-of-competition doping testing on women's shot put as well as the effects of the 
market introduction of erythropoietin (EPO) and the introduction of EPO and continuous 
erythropoiesis receptor activator (CERA) testing on 5000 m top 20 male performances. Time 
series analysis for 100 m men reveals a highly significant drop by more than 0.1 s from 2006 
to 2011 with a large effect size of 0.952. This is roughly half of the effect size that can be 
found for the development of the 5000 m performance during the introduction of EPO 
between 1991 and 1996. While the men's 200 m sprinting performance shows a similar 
development, the women's 100 m and 200 m sprinting performances only show some minor 
abnormalities. It was discussed why the striking sex-specific improvement in sprinting 
performance is indicative for a novel, very effective doping procedure with insulin-like growth 
factor-1 (IGF-1) being the primary candidate explaining the observed effects [13068]. 
 

100 meter in Olympic Games 
 
The introduction of doping substances and methods in sports triggers noticeable effects on 
physical performance in metric sports. Here, we use time series analysis to investigate the 
recent development in male and female elite sprinting performance. Time series displaying 
the average of the world's top 20 athletes were analyzed employing polynomial spline 
functions and moving averages. Outstanding changes in performance over time were 
statistically analyzed by Welch's t-test and by Cohen's measurements of effect. For validation 
we exemplarily show that our analysis is capable of indicating the effect of the introduction of 
in- and out-of-competition doping testing on women's shot put as well as the effects of the 
market introduction of erythropoietin (EPO) and the introduction of EPO and continuous 
erythropoiesis receptor activator (CERA) testing on 5000 m top 20 male performances. Time 
series analysis for 100 m men reveals a highly significant drop by more than 0.1 s from 2006 
to 2011 with a large effect size of 0.952. This is roughly half of the effect size that can be 
found for the development of the 5000 m performance during the introduction of EPO 
between 1991 and 1996. While the men's 200 m sprinting performance shows a similar 
development, the women's 100 m and 200 m sprinting performances only show some minor 
abnormalities. It was discussed why the striking sex-specific improvement in sprinting 
performance is indicative for a novel, very effective doping procedure with insulin-like growth 
factor-1 (IGF-1) being the primary candidate explaining the observed effects. It is known that 
human growth hormone (hGH) has been abused in professional sports since the 1980s, 
disregarding its appearance on the World Anti-Doping Agency (WADA) list for banned 
substances. For modern elite athletes, especially for cheating sportsmen and women, 
growth-promoting effects play an important role and can be induced by various substances. 
One study demonstrates that hGH administration in recreationally trained athletes results in 
statistically significant improvements in sprint capacity. IGF-1 is known for evoking growth-
promoting effects and for its direct anabolic impact on skeletal muscle. At least some of the 
hGH deployed anabolic actions are exerted through triggering the generation of IGF-1. 
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However, so far no clinical trials have demonstrated a beneficial effect of IGF-1 
administration on athletic performance. IGF-1 acts in endocrine, autocrine, and paracrine 
modes on skeletal muscle. Exogenous administration of IGF-1 causes powerful anabolic 
actions similar to the effects of hGH. Due to limited experience with long-term administration 
of exogenous IGF-1, only side-effects from short-term usage have been documented in 
clinical trials. Next to edema, arthralgia, headache, and jaw pain especially hypoglycemia 
should be mentioned. Furthermore, it is appealing to use IGF-1 in combination with other 
drugs like hGH, insulin, and anabolic steroids, as the combined application most likely 
provides an enormous potential to improve performance. Consequently, IGF-1 is included in 
the WADA list of banned substances, but its abuse by elite athletes is assumed to be lower 
than for hGH, because of its lower availability due to the lack of a natural resource from 
which IGF-1 could be harvested. Nevertheless, IGF-1 will be more attractive to use than 
hGH, since testing for hGH is improving. Preparations containing IGF-1 were first approved 
for the American market in August 2005 by the US Food and Drug Administration (FDA) for 
the treatment of growth failure in children. Therewith the possibilities to acquire and abuse 
IGF-1, despite the lack of a natural source, have been increasing even more. The results 
from the time series analysis disclose a time decreasing trend in male short-distance running 
that started around 2005/2006. Over 100 m, elite athletes underwent a large effect (0.952) in 
the last five years that is clearly displayed by both approaches: spline and moving average. 
The last six years over 200 m entailed an effect size of 0.481. In women's track and field 
sprinting, an effect is also detectable over 100 m. However, the moving average is at the 
same level in the beginning and the end of the regarded interval and over 200 m there is no 
effect noticeable after 2004. These explicit developments can be discussed to be associated 
with doping, but it is important to mention the existence of other possible or additional 
explanations. Simultaneously with the time decreasing trend over 100 m for men, we noted 
that more athletes from the West Indies entered the annual top 20 lists. Thus changing 
conditions concerning training for these populations of athletes could contribute to the stated 
developments. When taking doping into consideration as a plausible explanation, several 
different substances have a strong enough physiological effect and therefore could be 
related to this development. HGH may still be used as presently no robust long-term testing 
method for the detection of hGH administration exists. Unfortunately it is also possible that 
new synthetic ódesigner steroidsô have been developed that cannot be detected by the tests 
currently available. Additionally the list of other substances that could possibly improve 
sprinting performance is long. Next to hGH, IGF-1 and ódesigner steroidsô another example 
would be oestrogen receptor antagonists. However, it was argued in the following that 
among the substances that were recently introduced to the market, IGF-1 is a very important 
candidate that could explain the observed development in sprinting performance The 
mechanism of IGF-1 with its beneficial actions concerning physical performance 
presupposes its abuse, alone and in combination with other agents, in track and field.  2008 
is the year in which we first noted a significant change over 100 m, but IGF-1 was approved 
in 2005. Interestingly, we detected the first sign of an EPO effect in 1992, although it entered 
the American market in 1989. In one opinion, athletes first need to get acquainted with drugs 
they want to abuse. Its handling is usually only known for medical purposes. So the doping-
related application of the drug and its incorporation in the training process take some time to 
be optimized. Additionally, examination of the number of athletes that ran the 20 fastest 
times of each year over 100 m shows a fall from ten in 2005 to four in 2006 and eleven 
athletes ran the fastest times in 2011. It was believed that this progression illustrates a slow 
integration: IGF-1 abuse started with a small amount of athletes and now is integrated in the 
world elite of track and field sprinters. Induced by the effect detected over the women's 100 
m, it was suspected female athletes to be using IGF-1, too. Even so, it seems to be less 
beneficial for women, because there is no parallel effect over 200 m. Furthermore, athletes 
usually try to deliver top performances in Olympic Games years. Over the women's 100 m 
and 200 m, 2008 ï the year of the Olympic Games in Beijing ï is the minimum. In contrast, 
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the men have their minima in 2011 and there is a local maximum in 2008 over 200 m. A 
study showed that women responded with a smaller increase in IGF-1 levels, although they 
received a larger dose of hGH compared to men. So far it is not known whether treatment 
with IGF-1 leads to sex differences in the related physiological response. However, sex 
differences can be found for serum levels of IGF-1. IGF-1 would not be the only doping 
substance with different effects depending on sex. For example, our analysis of women's and 
men's shot putt shows greater effects for female shot putters. Considering the whole period 
from the introduction of anabolic steroids to the beginning of out-of-competition controls, it 
was computed an effect size of 3.482 for men from the earlier effect onset in 1961 to 1988 
and 5.154 for women from 1966 to 1988. Franke and Berendonk mentioned that enormous 
effects, especially in female athletes, were noticed in the 1970s during the systematically 
organized doping efforts of the German Democratic Republic.  Anabolic steroids and EPO 
are the best-known doping substances and the portrayed examples account for enormous 
effect sizes. Anabolic steroids had an effect of 3.177 over ten years in the women's shot putt 
and EPO 1.925 over a five-year period in the men's 5000 m. Both were abused in a variety of 
sports disciplines. Nowadays blood doping, including potential abuse of EPO, is widespread 
among athletes regardless of the progress in testing. This is well in line with our notion that 
the introduction of EPO testing had no profound effect. In comparison, out-of-competition 
testing for anabolic steroids led to a clear decrease in performances displayed through the 
arithmetical mean of the 20 best athletes of each year. The effect sizes that was computed 
for short-distance running from 2001 to 2011 are not as large, but still enormous enough to 
animate other athletes to misuse IGF-1. In our opinion, IGF-1 could definitely also be 
effective concerning track and field in the jumping disciplines, although analysis of long-jump 
and high-jump did not display any recent significant developments, but future examination 
might. Thus, the official introduction of the recently developed test procedure for IGF-1 could 
prevent the expansion of the abuse of IGF-1 in professional sports [13069]. 

 
Contrary to that statement, when analyzing menôs 100 m performance at the Olympic level, 
the winners (average 86.36 kg) have outweighed the rest of the finalists (77.72 kg) dating 
back thirty years. This phenomenon is also consistent when comparing the medal winners 
(80.45 kg) versus non-medal winners. Contrary to the claims made by the authorôs there 
have been statistically significant improvements over the last quarter century in elite 
performance of the 100 m dash, both in the menôs and womenôs division. A separate one-
way ANOVAs compared the 100 m finals times for men and women from the Olympic 
Games over the past 20 years with Bonferroni post hoc analysis when appropriate. There 
were significant differences observed for men and women. Post hoc analysis revealed menôs 
times from 2012 were significant lower than 1992 and 2000; with 2008 also being lower than 
1992. Womenôs times from 2012 were lower compared to 2000. This holds true for not only 
the medal winners of the Olympic Games, but also of the participants in the finals as a whole 
[13070]. 

 
It is believed that the remarkable improvements observed in the 100 and 200 m are mostly 
due to the performance of one single athlete, Usain Bolt, who has repeatedly broken the 
world record of these sprint disciplines in 2008 and 2009, by lowering the limits by notable 
coefficients of 0.984 and 0.993, respectively. Since the dramatic drop of the polynomial lines 
is almost entirely due to the performance of one athlete, it cannot be attributed to an entire 
group of athletes. This phenomenon has been recently defined as the Usain Bolt effect, and 
has been attributed to stature and reduction in stiffness as a consequence of the increased 
contact time and lower step frequency, which both result in an advantage in relative power 
development and mechanical efficiency. This would not support the theory of improvement 
by doping but ï rather ï the well known possibility of ñextreme outliersò that seldom occur in 
a normal distribution of athletes, and may remarkably account for an improvement in records. 
A second important aspect is that Usain Bolt, the athlete who has dramatically improved both 
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100 and 200 m world records, has never been found positive during anti-doping controls, 
either in- or out-of-competition, by whatever anti-doping authorities. Until opposite evidence 
can be provided, this is the only reliable proof that we have that the world records were 
broken by a fair athlete. Then, it is also questionable to assert that the use of hGH and/or 
IGF-1 explains the effect on 100 m performance between 2006 to 2011, since it has been 
clearly acknowledged that athletes have been abusing hGH for its anabolic effects since the 
early 1980s, whereas the first test was not introduced until 2004. Accordingly, it is much 
more likely that the abuse of hGH had been commonplace before 2006, and not afterwards. 
An identical consideration can be made on the potential abuse of IGF-1, since this substance 
appeared much earlier than 2006 on the black market [13071].  

 
 
Is doping -free sport a Utopia?  
 
The impressive legend of 7-time Tour de France winner Lance Armstrong has died, replaced 
by an equally impressive legacy of shameless lying and cheating on a grand scale, team 
doping orchestration and discipline on and off the road, and conspiracy to fool the world 
while earning tens of millions of dollars. But, the harsh reality is that the doping-control 
system did not catch arguably the biggest, boldest, and most brazen drug cheat in the history 
of sport. Hundreds of analytical doping tests performed over nearly a decade in state-of-the-
art laboratories failed to reveal his charade. And the same system failed to catch any of his 
teammates as long as they were on his team. Riders have confessed under oath how easily 
the tests could be manipulated. Doping testing failed miserably. A federal investigation 
compiling 1000 pages of evidence and testimony from 26 different cycling teammates and 
support staff finally caught Armstrong. All of this evidence is now public. If one of the worldôs 
most visible athletes evaded detection despite ñ500 doping testsò (probably the real number 
was about half that) over all those years while the whole world watched and the doping-
control officials took blood and urine samples, why should we have any confidence that the 
situation is better today?  In numbers, the power-to-weight ratio for the best cycling climbers 
in the world on their hardest, most decisive climbs rose from about 5.8 W/kg in the late 1980s 
and early 1990s quite rapidly to Ó6.3 W/kg by the mid-1990s and remained there to the mid-
2000s, before beginning to fall again to 5.8 to 6.0 W/kg in the most recent tours. This 
anecdote suggests that EPO plus consumption/injection of anabolic agents facilitating 
accelerated recovery may have been ñworthò as much as a about 10 percent increase in 
sustainable power over climbs of 30 to 40 minutes. The Festina doping scandal of 1998 
seemed to scare the peloton straight in 1999, because climbing power (otherwise) 
inexplicably dropped about the same 10 percent, before rising again in 2000 and thereafter. 
That is a measurable, chronologically preciseblip that adds some contrast to the doping 
fingerprint. With the exception of doping-positive Alberto Contador, the fastest climbs in Tour 
history were performed during the 1996-2006 time window, with slower climbing times since 
by the best climbers and the Tour de France winners in the last 2 years [13028].  
 
Armstrongôs doping violations were detected by antidoping laboratories on several 
occasions, but these results appear to have been systematically swept under the rug at a 
higher level. A broomshaped checkbook may have been used, as evidenced by large 
ñfinancial contributionsò by Armstrong to the International Cycling Union (UCI). This would 
mean not that doping testing systematically failed but that the system was corrupt. This is a 
second small piece of evidence that the drug labs can go a long way toward keeping cycling 
and all sports cleaner, provided that the sport-governing bodies they serve are 100 percent 
clean. A third source of encouragement amid all the gloom is that the culture of collective 
ñtight lipsò among athletes has collapsed. In addition to a substantial increase in positive tests 
since 2006, a large share of a generation of top cyclists has confessed their doping 
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practices. A long-standing code of silence has now been broken. Effective doping on the 
immense scale uncovered with Team US Postal (and subsequent versions of Team 
Armstrong) exemplifies how critical the cooperation of athletes, sport scientists, doctors, and 
coaches is to achieving the combined goals of extensive and effective doping on one hand 
and detection avoidance on the other. Good sport science and the open dissemination of 
research and best-practice methodology in all aspects of athlete preparation have probably 
contributed to making the race to the top of the international podium more expensive. The 
top-20 medal-winning countries are winning a smaller share of the total medals in the 
Olympics, from 90 percent in 1992 down to 75 percent in 2012. This is great for sport and in 
part a result of better sport-science support in a larger number of countries, all along the path 
from talent identification to physiological and technical development, to performance peaking, 
to race management. The difference between a gold medal and finishing out of the medals is 
smaller than ever before. Good sport science can make the tiny difference between gold and 
fourth place on a given day. At the world-class level, the performance-enhancing effects of 
doping clearly exceed what cutting-edge sport science can achieve with further optimization 
of training programs, recovery methods, etc. For the sake of sports, it must be hoped that 
good sport science, and not just good chemistry, matters more in the future [13028]. 
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DOPING AND ANTI -DOPING HISTORY 
 
 
Overviews  
 
Though we may still sing today, as did Pindar in his eighth Olympian Victory Ode, "é of no 
contest greater than Olympia, Mother of Games, gold-wreathed Olympiaé", we must sadly 
admit that today, besides blatant over-commercialization, there is no more ominous threat to 
the Olympic games than doping. Drug-use methods are steadily becoming more 
sophisticated and ever harder to detect, increasingly demanding the use of complex 
analytical procedures of biotechnology and molecular medicine [13001]. 

 
The use of drugs to enhance physical performance has occurred since the beginning of 
recorded time. Ancient Greeks at emushrooms and sesame seeds to enhance performance, 
and Roman gladiators used stimulants to increase endurance. In modern sports, 
documentation of the abuse o fperformance enhancing drugs appeared in the early1900s, 
when athlete singested stimulants (cocaine, amphetamines, ephedrine, and strychnine) to 
alleviate fatigue and increase focus. Anabolic-androgenic steroids (AAS) are now the most 
common illicit drugs used to enhance performance at the modern Olympic Games alongwith 
stimulants, primarily by weigh tlifters and athletes in track-and-field. The AASs are a group of 
synthetic derivatives of testosterone with bot hskeleta lmuscle building (anabolic) and 
masculinizing (androgenic) effects. In 1889,physiologist Charles E.Brown Sequard reported 
improvement in avarietyof his body functions (strength, intellect, and force of urine stream) 
following the injection of an extract of testicles from the dog and guinea-pig. The primary 
natural male hormone, testosterone was first isolated from the testis of bulls in1935 by 
Davidetal. Butenandt and Hanisch and Ruzicka et al independently synthesized testosterone 
in the sam eyear, and both chemists received the Nobel Prize in 1939 for their work. Most of 
the AASs were developed during the1950s when chemists attempted unsuccessfully to 
separate the anabolicand androgenic properties of thesetestosterone derivatives. 
Nandrolone, the19-noranalog of testosterone was the first anabolic steroid with sufficient 
dissociation o fandrogenic and anabolic properties to justify introduction into clinical practice 
during the 1950s. Dr. John Ziegler, an American physician-weight lifter, administered AASs 
to 3 future American weight lifting champions after learning of th success of AAS-using 
Russian weight lifters at the 1954 World Championships. In 1958, the US Food and Drug 
Administration (FDA) approved the use of methandrostenolone (Dianabol) for the treatment 
of hypogonadism, resulting in the increased availability of this steroid. By the mid-1960s, the 
use of AASs to enhance performance in sports spread, particularly among weight lifters and 
other strength athletes. An estimate done was that a third of the US track-and-field athletes 
in the 1968 pre-Olympic training camp were using AAS. From 1966 until the collapse of the 
German Democratic  Republic in 1990 ,hundreds of East German physicians ands cientist 
sperformed doping research and administered prescription drugs as well as unapproved 
experimental drug preparations to adult and adolescent athletes of both sexes. In 1963, the 
Council of Europe defined doping in sports as a result of the death of a Danish cyclist at the 
1960 Olympics, the death of a UK cyclist at the Tour de France, and th eprevalence of 
potentially life-threatening drugs in sports. In 1964, the International Olympic Committee 
(IOC) unanimously voted to ban doping in sports. By 1967, the IOC established a Medical 
Commission with responsibilities to prohibit doping, to develop the Olympic Movement Anti- 
Doping Code, and to formulate a list of prohibited substances. In 1974, the IOC banned the 
use of AASs, and testing for AASs byimmunoassay screening and gaschromatography-mass 
spectrometry confirmation began in 1976. In 1984, the use of testosterone was also banned. 
From the 1960s through the 1980s, the German Democratic Republic established a 
systematic doping program for thousands of their athletes that included the use of 
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parenteralpreparations of epitestosteronepropionate to avoide dection of illicit AASs. In 1988, 
the IOC stripped Ben Johnson of his Olympic gold medal and world record in the 100-meter 
dash for usingan AAS. In the same year, the distribution o rpossession of AAS swith intent to 
distribute without a valid prescription became a felony, when US Federal Food, Drug, and 
Cosmetic Act (FFDCA) was a mended as part of the Anti-Drug Abuse Act. In 1990, the 
Anabolic Steroids Control Act defined an AAS as any drug or hormonal substance chemically 
and pharmacologically related to testosterone (other than estrogens, progestins, andcortico- 
steroids) that promotes muscle growth. These synthetic compounds became DEA schedule 
III drugs as defined by the US Controlled Substances Act. Later, this act was amended b y 
the Anabolic Steroid Control Act of 2004; on January 20, 2005, the amended Controlled 
Substance Act added both anabolic steroids and prohormones to the list of controlled 
substances, making possession of the banneds ubstances afederal crime. In response to 
continuing demand for illicit AASs, designer AAS appeared as a means to avoid detection of 
these illicit drugs. An example was the synthesis of tetrahydrogestrinone from the palladium-
charcoal catalyzed hydrogenation of gestrinone by the Bay Area Laboratory Cooperative, an 
American nutritional supplement company. However, analyses and legal action resulted in 
the banning of several athletes as a result of the use of these synthetic steroids. 
Subsequently, major league baseball revamped their AAS policy calling for a 50-game ban 
for first-time offenders (up from 10days), a 100-game penalty for second-time offenders (up 
from 30 days), and a life time ban for a third positive test. Previously, a baseball player could 
be suspended for life only after the fifth positive test [13002]. 
 
The earliest records of doping in sport come from the Ancient Olympics games when athletes 
are reported to have taken figs to improve their performance. With the advent of modern 
pharmacology in the 19th century, many athletes began to experiment with cocktails of drugs 
to improve strength and overcome fatigue. As this practice was not illegal, there are good 
records of the lengths athletes would go to in order to win. Alongside the benefits, came the 
dangers and following several fatalities, a code to ban performance enhancing drugs was 
gradually developed. Growth hormone was first isolated from the human pituitary gland in the 
1950s. Its anabolic effects were soon recognised and athletes had begun to abuse it by the 
early 1980s, at least a decade before it was used therapeutically by adult endocrinologists. A 
number of high profile athletes have admitted using growth hormone. Detection of its abuse 
has been challenging and the lack of an effective test has undoubtedly encouraged its 
abuse. Only now are methodologies being developed that should stem this tide [09001]. 
 
Doping is as old as sport itself. The word itself is likely derived from the Dutch word, dop, the 
name of an alcoholic beverage made from grape skins used by Zulu warriors to enhance 
their prowess in battle. In the 20th and 21st centuries, various agents have been used: 
alcohol, caffeine, strychnine, amphetamines and then after World War II anabolic/androgenic 
steroids and more recently some of the peptide hormones including insulin, erythropoietin, 
human GH, and a host of other growth factors. Anabolic/androgenic steroids remain a 
mainstay in the performance enhancement drug arena given that they are really the only 
major class of steroids that are unequivocally anabolic with salutary effects on athletic 
performance. The arms race will continue as long as designer steroids are produced, tested 
in vitro, and then, for the more difficult parameter, that they and their metabolites will not lead 
to a positive test at the doping control laboratory [11554].  
 

Sporting associations have stated that the fundamental aims of doping controls and antiȤ 
doping policies are to [06101]: 

 
- uphold and preserve the ethics of sport 
- safeguard the physical health and mental integrity of the players 
- ensure that all competitors have an equal chance. 
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The word doping is probably derived from the old Dutch word dop, which was the name of an 
alcoholic beverage made of grape skins used by Zulu warriors to enhance their prowess in 
battle. Ancient Greek athletes are known to have used special diets and stimulating potions 
to fortify themselves. Strychnine, caffeine, cocaine, and alcohol were often used by cyclists 
and other endurance athletes in the nineteenth century. Thomas Hicks ran to victory in the 
Olympic marathon of 1904 in Saint Louis with the help of raw eggs, injections of strychnine, 
and doses of brandy administered to him during the race. The term ñdopingò progressed into 
mainstream use in the early twentieth century, originally referring to drugging of racehorses. 
The practice of enhancing performance through foreign substances or other artificial means, 
however, is as old as competitive sport itself. By the 1920s it had become evident that 
restrictions regarding drug use in sports were necessary. In 1928 the International Amateur 
Athletic Federation became the first international sport federation to ban the use of doping 
(use of stimulating substances). Many other international federations followed suit, but 
restrictions remained ineffective as no tests were performed. The death of Danish cyclist 
Knud Enemark Jensen during competition at the Olympic Games in Rome 1960 ï the 
autopsy revealed traces of amfetamine and nicotinyl tartrate ï increased the pressure for 
sports authorities to introduce drug tests. In 1966 the International Cycling Union and the 
Fédération Internationale de Football Association (FIFA) were among the first international 
sports federations to introduce doping tests in their respective world championships. In the 
following year the International Olympic Committee (IOC) instituted its Medical Commission 
and set up its first list of prohibited substances. Drug tests were first introduced at the 
Olympic Winter Games in Grenoble and at the Olympic Summer Games in Mexico in 1968 

after the urgency of antiȤdoping work had been highlighted by another tragic death, that of 
cyclist Tom Simpson during the 1967 Tour de France. A reliable test method to detect 
anabolic steroids was finally introduced in 1974 and the IOC added anabolic steroids to its 
list of prohibited substances in 1976. This resulted in a marked increase in the number of 
drug disqualifications in the late 1970s, notably in strength related sports such as throwing 
events and weightlifting. Blood boosting or blood doping, which involves removal and 
subsequent reinfusion of the athlete's blood in order to increase the level of oxygenȤcarrying 
haemoglobin, has been practised since the 1970s. The IOC banned blood doping as a 
method in 1986. AntiȤdoping work was complicated in the 1970s and 1980s by suspicions of 

stateȤsponsored doping practised in some countries. The most famous doping case of the 
1980s concerned Ben Johnson, the 100 metre runner who tested positive for stanozolol 
(anabolic steroid) at the 1988 Olympic Games in Seoul. Johnson's case focused the world's 
attention to the doping problem to an unprecedented degree. In 1998 a large number of 
prohibited medical substances were found by the police in a raid during the Tour de France. 

The scandal led to a major reappraisal of the role of public authorities in antiȤdoping affairs. 
As early as 1963, France had been the first country to enact antiȤdoping legislation. Other 

countries followed suit, but international cooperation in antiȤdoping affairs was long restricted 
to the Council of Europe. In the 1980s there was a marked increase in cooperation between 
international sports authorities and various governmental agencies. Before 1998 debate was 
still taking place in several discrete forums (IOC, sports federations, individual governments), 
resulting in differing definitions, policies, and sanctions. One result of this confusion was that 
doping sanctions were often disputed and sometimes overruled in civil courts. The Tour de 
France scandal highlighted the need for an independent international agency, which would 

set unified standards for antiȤdoping work and coordinate the efforts of sports organizations 
and public authorities. The IOC took the initiative and convened the World Conference on 
Doping in Sport in Lausanne in February 1999. Following the proposal of the Conference, the 

World AntiȤDoping Agency (WADA) was established on 10 November 1999. On 5 March 
2003, at the second World Conference on Doping in Sport, some 1200 delegates 
representing 80 governments, the IOC, the International Paralympic Committee, all Olympic 
sports, national Olympic and Paralympic committees, athletes, national antiȤdoping 
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organisations, and international agencies supported the World AntiȤDoping Code as the 
basis for the fight against doping in sport. The Code entered into force on 1 January 2004. 
On 19 October 2005, the World AntiȤDoping Code was adopted at the 1st International 
Convention against Doping in Sport by the General Conference of UNESCO at its plenary 
session. Some 184 countries have signed the Copenhagen Declaration on AntiȤDoping in 
Sport, the political document through which governments show their intention to implement 
the World AntiȤDoping Code by the ratification of the UNESCO Convention [06002]. 

 
Drug use by athletes to improve performance is not a new practice. As early as BC 776, the 
Greek Olympians were reported to use substances such as dried figs, mushrooms, and 
strychnine to perform better [06003]. 
 
Anti-doping efforts started in earnest after the 1960 Olympic Games in Rome. During a team 
time trial, 23-year-old Danish cyclist Knud Enemark Jensen collapsed, fractured his skull and 
died. An autopsy reportedly found traces of amphetamine and a blood-vessel dilator in his 
system. Although the drugs might not have caused his death, the episode forced cycling 
officials to take a closer look at doping. The UCI banned some performance enhancers, and 
in 1967 the International Olympic Committee established a commission to ferret out doping in 
sport. The task is thankless: anti-doping agencies thwart one cheating strategy, only for 
another to emerge. The 1972 Olympic Games in Munich, Germany, ushered in testing for 
stimulants, but athletes had started to take anabolic steroids. A test for steroids arrived at the 
next summer Olympics, in Montreal, Canada. But four years later, at the Moscow Olympiad, 
athletes had moved on to undetectable, naturally occurring hormones, such as testosterone. 
Anti-doping authorities now measure the ratio of testosterone in the blood to a related 
molecule called epitestosterone. In response, some athletes have reportedly found ways of 
regulating epitestosterone to keep the ratio in check.  For cycling and other endurance 
sports, human recombinant EPO fuelled a doping revolution. EPO is a natural hormone that 
promotes production of oxygen-carrying red blood cells. The first synthetic, or recombinant, 
version was developed by the biotechnology company Amgen in Thousand Oaks, California, 
and in 1989 it was approved by the US Food and Drug Administration to treat anaemia. It 
also offered cyclists an easy endurance boost that helped them to excel in gruelling stage 
races. The drug is nearly identical to the hormone naturally churned out by the kidneys, so 
was impossible to detect. It is also easier to administer than blood transfusions, which had 
been used to the same effect. Typically, red blood cells account for 40-45 percent of the 
blood, but in the heyday of EPO doping, some riders were showing up at starting lines with 
haematocrits of more than 60 percent. The UCI instituted a ñno-startò rule, disqualifying riders 
if their haematocrits on the morning of a race were above 50 percent for men and 47 percent 
for women. So cyclists began diluting their EPO-boosted blood with saline solution to keep 
their haematocrits below the threshold. The drug companies that produce EPO have helped 
anti-doping laboratories to develop direct tests based on subtle biochemical differences 
between the recombinant molecules and the natural form. The first of these was approved for 
use in 2000. But athletes increasingly obtain knock-off forms produced in China and India, 
and researchers have struggled to keep up [11415]. 
 
The use of doping agents, once restricted to professional athletes, has nowadays become a 
problem of public health, since it also concerns young people and non-competing amateurs 
in different sports. The use is also diffused in social life for improving physical appearance 
and enhancing performance and even dietary supplements assumed to improve 
performance often contain anabolic steroids. While decades ago the so-called "classical 
doping agents" (like stimulants and narcotics) were used, to-day anabolic steroids are more 
widely diffused. Anabolic steroids are synthetic substances prepared by introducing 
modifications in the molecular structure of testosterone, the main natural androgenic anabolic 
steroid that forms in testes interstitial cells. The first report concerning the use of anabolic 
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steroids by an athlete who searched for increased weight and power dates 1954. In 1974 the 
misuse of anabolic steroids in sports was banned by the International Olympic Committee 
and control tests were implemented in 1976 Montreal Olympic Games through 
radioimmunoassay analysis: the technique, however, only allows for unspecific detection of a 
limited number of exogenous steroids. Over the years, always new doping substances are 
synthesized and, as a consequence, the list of prohibited compounds is continuously 
updated and new suitable analytical methods for their detection and determination in 
biological matrices are continuously required. In doping control analysis the knowledge of 
steroid metabolism pathway in human body is of primary importance and the analytical 
methods must permit the simultaneous detection and determination not only of the forbidden 
precursor agents but also of their metabolites. In addition, the potential presence and amount 
in the biological samples of species that can interfere in the analysis should be evaluated. 
Also the several anabolic steroids, specifically designed to circumvent doping control, put on 
the market have been incorporated in the list of the prohibited substances of the World Anti-
Doping Agency (WADA). In WADA list steroids figure in three main classes, namely anabolic 
steroids, corticosteroids and substances with anti-estrogenic properties. It must be strongly 
reminded that assumption of doping agents not only leads to athletes the possible failing of 
doping tests but causes important health risk and WADA prohibited list establishes criteria to 
highlight the alteration of the natural steroid profile caused by exogenous administration 
[12001]. 
 
 

Specific dates  
 
Some important dates in the history of anti-doping [11416]: 
 
1928 The IAAF becomes the first federation to ban doping 
 
1966 The IAAF, the Union Cycliste Internationale (UCI), and the Fédération  
 Internationale de Football Association (FIFA) introduce urine drug tests in their  
 respective championships 
 
1967 The International Olympic Committee (IOC) institutes its Medical Commission  
 and sets up the first list of prohibited substances 
 
1968 Drug tests introduced at the Olympic Games 
 
1970s Marked increase in the number of doping-related disqualifications after the  
 introduction by the IOC of anabolic steroids to its list of prohibited substances 
 
1980s Introduction of out-of-competition testing 
 
1986 Blood transfusion banned by IOC 
 
1990s rEPO included in the IOCôs list of prohibited substances 
 
1990s Introduction of blood tests 
 
1999 WADA is established 
 
2004 The World Anti-Doping Code is adopted worldwide 
 
2005 United Nations Educational, Scientific and Cultural Organization (UNESCO)  
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 adopts the International Convention against Doping in Sport 
 

2008             The UCI is the first federation to introduce the Athlete Biological Passport  
 

The drugs-in-sport problem first came to prominence in the 1960s with the use of 
amphetamines among professional European cyclists. At the same time, steroids were 
becoming widespread in the United States and Eastern Europe. As money flowed in 
commensurate with an unprecedented media interest, sport began to globalise in the 1980s, 
and its commercial value increased exponentially. A number of high-profile drugs scandals 
occurred in the 1980s, culminating in the Ben Johnson affair in 1988. The consequent media 
feeding-frenzies encouraged a number of sporting bodies to introduce anti-doping 
regulations. Plagued by constant allegations of drug use in international sport, along with the 
Tour de France drug crisis of 1998, the IOC led the push for the establishment of an agency 
with the responsibility for managing and enforcing global anti-doping policy. WADA was born 
in 1999 and has become a global force in the war on drugs-in-sport. WADA's success in 
establishing an international drug code has been underpinned by three developments. First, 
WADA is funded jointly by the IOC and a group of national governments. This has provided 
the agency with both capital and influence. Secondly, WADA has secured a series of 
international declarations that have commended and ratified the policy code it has 
developed. Thirdly, WADA policy has recently been approved by the United Nations 
Educational, Scientific and Cultural Organisation (UNESCO) as an international convention. 
These achievements have consolidated WADA's position as the central international agency 
for regulating drug use in sport [10312]. 

 
Despite the fact that doping is not a new phenomenon in sport, enhancing performance 
through artificial means has only been banned since the 1960s. Doping as a potential danger 
to the modern Olympic movement was recognized in the '50s and officially acknowledged ten 
years later by the creation of a list of banned substances. After an agonizing period over 
athletes' amateur status, performance enhancing drugs have taken over as the major basis 
for tension and concern within the Olympic movement since 1972. Researchers seem to 
agree that doping is unwelcome in sport. However, opinions are divided between doping 
being a serious deviance one must fight against and doping as undesirable but unavoidable 
consequence of the institutionalized sport. Notably, the reason behind banning doping 
initially was the growing concern about athletes' health. Doping only became established as 
unethical after that point [07004]. 
 
The seriousness of the doping problem is reflected by the recent increase in organised effort 
to combat doping in sport. The first step toward a globalised effort was the creation of the 
Anti-Doping Code of the World Anti-Doping Agency (WADA) in 1999 as an organisational 
level response to the Festina Scandal at the Tour de France, parallel to the European 
Union's (EU) pledged support in the fight against doping. The first report (known as the 
HARDOP report) was commissioned in 1998 and published in 1999, followed by targeted 
research projects under the EU's Competitive and Sustainable Growth run under 5th 
Framework Programme. The globalised effort was recently manifested in the creation of the 
International Convention Against Doping in Sport by the United Nations Educational, 
Scientific and Cultural Organization (UNESCO). The UNESCO convention is the first legally 
binding international framework setting out the responsibilities of national governments and is 
currently signed either as ratification, acceptance, approval or accession by 65 countries 
[07004]. 

 
 
Early (modern) history  
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The use of drugs and ergogenic substances to augment athletic performance, commonly 
referred to as doping, has evolved along with sporting events. Ancient Olympic athletes 
consumed mushrooms, plants, and herbs in an attempt to gain a competitive edge. The 
modern Olympic Games made their debut in 1896, and mixtures of cocaine, ephedrine, and 
strychnine were used to enhance performance [08007]. 

 
Alfons Bukowski (1858-1921) is commonly regarded as the pioneer of anti-doping research. 
In 1910, he developed a method to detect alkaloids in horse saliva. One hundred years later, 
this is a good moment to remember Bukowski, an outstanding Polish pharmacist, often 
mistakenly represented in world literature as a Russian chemist. It is also an occasion to 
mention that the real driving force in the history of doping were events related to horse rivalry 
[10313]. 
 
In the 1904 Olympics, marathon runner Thomas Hicks used a mixture of brandy and 
strychnine and nearly died. Mixtures of strychnine, heroin, cocaine, and caffeine were used 
widely by athletes, and each coach or team developed its own unique secret formulae. This 
was common practice until heroin and cocaine became available only by prescription in the 
1920s. During the 1930s, it was amphetamines that replaced strychnine as the stimulant of 
choice for athletes. In the 1950s, the Soviet Olympic team first used male hormones to 
increase strength and power [08006].  
 
 

History of a nabolic steroids  
 
Almost half a century before the discovery of androgens, Brown-Sequard (the father of 
andrology) had recognized that the contents of testicular extracts could improve libido, 
energy, and muscle strength. After synthesis of testosterone, Boje was the first to suggest 
that sex hormones may enhance physical performance. Although the most well-known phase 
of AAS abuse in Olympic history is that of the Soviet weight-lifting team in the 1952 and 1956 
Olympic Games, it is believed that some German athletes were given androgens even during 
the 1936 Berlin Olympics. The introduction of AAS among the American athletes is attributed 
to Dr. John Ziegler (a physician-member of the US Weight-Lifting Team) who learned about 
the use of AAS by the Russian team in 1954 during his trip to weight-lifting championships in 
Vienna. Upon his return, Dr. Ziegler experimented with testosterone on weight lifters in the 
York Babel Club in Pennsylvania. That is considered to be the beginning of AAS abuse in 
sports in the United States, which later spread from high-intensity strength-training games to 
sports such as field athletics, baseball, swimming, etc. The two common patterns of AAS 
abuse are ñstackingò and ñcycling.ò Stacking involves the use of two or more androgens in 
progressively increasing doses over a short period of time. Cycling refers to the intermittent 
use of AAS where use of steroids is followed by a drug holiday. The practice of ñcyclingò is 
based on the notion that drug holidays prevent desensitization to large doses of androgen 
[13003].  

 
The first report concerning the use of anabolic steroids by an athlete who searched for 
increased weight and power dates 1954. In 1974 the misuse of anabolic steroids in sports 
was banned by the International Olympic Committee and control tests were implemented in 
1976 Montreal Olympic Games through radioimmunoassay analysis: the technique, however, 
only allows for unspecific detection of a limited number of exogenous steroids [13004]. 

 
Detection of testosterone 
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The history of AASs is a tale that has its roots in ancient ñendocrinology.ò More than 6000 
years ago, farmers noted an enhanced ability to domesticate animals after castration. Years 
later, the medical theories of ñhumoralismò developed. This doctrine was based on a theory 
that attempted to explain diseases based on imbalances among the four humors: sanguine, 
choleric, melancholic, and phlegmatic. In addition, ancient Egyptians and Romans believed 
that testicles and animal penises held special healing powers. Ancient Greek athletes used a 
wide variety of alleged performance-enhancing drugs, such as plant extracts and testicular 
extracts. These early theories and practices marked the beginning of future discoveries. John 
Hunter (1728-1793) was a Scottish surgeon who was later appointed as Surgeon General for 
the British army. He made many noteworthy contributions to science, including contributions 
to the understanding of digestion, fetal development, venereal diseases, dentistry, and 
lymphatics. He conducted the first testicular transplant in 1786 in which he removed a testicle 
from a rooster and implanted it into a hen. However, it was not until 1849 that Arnold Adolf 
Berthold (1803-1861) found evidence of a ñbloodstream substanceò from roosters that 
affected their appearance and behavior. His theory was correct, but it was not widely 
accepted by his contemporaries. Berthold was a professor at the University of Göttingen, and 
he performed experiments on roosters while he was a curator at a local zoo. He observed 
the impacts of castration and the reimplantation of testicular tissues on roosters. Once 
castrated, the roosters' combs decreased in size, they lost interest in the hens, and they lost 
their aggressive male behaviors. Those effects were reversed after reimplanting testicular 
tissues or extract, despite denervation. Despite these findings, other researchers did not cite 
Berthold's work for nearly 50 years [07007]. 
 
Perhaps the most well-known researcher of anatomy and physiology was Charles Edouard 
Brown-Sequard (1817-1894). Brown-Sequard, a prominent French physiologist and Harvard 
professor, was one of the founders of modern endocrinology. He had a strong interest in 
endocrinology, and he studied adrenal glands, testes, thyroid, pancreas, liver, spleen, and 
kidneys. He is probably most famous for his auto-experimentation with testicular substances 
(extracted from guinea pigs and dogs), the results of which were published in 1889. He 
reported increased strength, mental abilities, and appetite and even claimed that the process 
relieved constipation and increased the arc of his urine stream. Although no one is sure why 
he experienced these effects, his experiment caused others to investigate the testicular 
substance as a possible cure for various ailments, such as diabetes, tuberculosis, epilepsy, 
paralysis, gangrene, anemia, influenza, arteriosclerosis, Addison's disease, hysteria, and 
migraine headaches. He encouraged testing of his testosterone products by providing free 
samples to physicians. Unfortunately, with such widespread use, shoddy researchers 
subjected animals and humans alike to high risks for infection and inflammation. Austrian 
physiologist Oskar Zoth was the first person to propose injecting athletes with a hormonal 
substance, as published in his 1896 paper describing how the use of an ñextractò improved 
muscular strength and the ñneuromuscular apparatus,ò thus potentially improving athletic 
performance. He and his physician partner, Fritz Pregl (1869-1930), self-injected 
testosterone extracts from bulls and measured the strength of their middle fingers by plotting 
them on ñfatigue curvesò. They won the Nobel Prize in chemistry in 1923 [07007]. 
 
Substances referred to as ñchemical messengersò were discovered in 1902 by English 
physiologists and professors, William Maddock Bayliss (1860-1924) and Ernest Henry 
Starling (1866-1927), at University College London. Bayliss' research team was the focus of 
an animal rights controversy in 1903 ï the Brown Dog Affair ï in which Bayliss was alleged 
to have performed a live dissection of a brown dog in his laboratory. He, of course, denied 
the accusation and won a civil suit, donating the money to the University for further research; 
he even wrote articles promoting the humane treatment of animals. Other accomplishments 
included contributions on shock, digestive system, and endocrinology; being knighted in 
1922; and authoring four editions of Principles of General Physiology. Starling officially 
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coined the term ñhormoneò in 1905 when giving a Croonian Lecture (prestigious lectureships) 
titled ñThe Chemical Control of the Functions of the Bodyò to the Royal College of Physicians. 
The term ñhormoneò means ñto urge onò or ñimpulse or arouseò in the sense of ñto set in 
motionò in Greek. Years later, reports suggested that a Cambridge physiologist, William B. 
Hardy, actually suggested the term ñhormoneò to Bayliss and Starling. In 1911, Andre Pezard 
first noted a direct relationship between the amount of testicular extract injected into a rooster 
and the size of his comb [07007]. 
 
An Austrian physician, Eugen Steinach (1861-1944), developed the ñSteinach operation,ò an 
ñautoplasticò treatment for the ñmiddle-aged and listlessò. The 20-minute operation involved 
ligation of the vas deferens, often at the most proximal position to the testicle. This allegedly 
increased testosterone production. He believed that the incision produced a ñback pressureò 
on the testicle, thus increasing testosterone production by the interstitial cells. He also 
implanted testicular tissue grafts between the peritoneal muscles. He reported that his 
patients were able to regrow hair, had better erections with less premature ejaculation, and 
had increased libido. Despite little clinical evidence of his claims on ñrejuvenation,ò the results 
of his operations, at best, likely were due to the power of suggestion; however, he performed 
this procedure on some famous patients, including Sigmund Freud and William Butler Yeats. 
He also discovered, by transplanting male sex glands into females and vice versa, that 
guinea pigs developed sexual behaviors of the opposite sex. Later research proved that sex 
hormone injections have no effect on sexual orientation but that high doses of testosterone 
may increase sexual desire. In 1913 in Chicago, Victor D Lespinasse (1878-1923), a 
urologist, claimed that he cured a patient who had sexual dysfunction by transplanting a 
testicle from a donor. He removed the organ, made three transverse slices, and inserted 
them into muscle tissue around the patient's scrotum. His most famous patient was Harry F. 
McCormick (husband of Edith Rockefeller), whose case was described in The New York 
Times. Five years later, the first journal of Endocrinology was published. In the 1920s, Sergio 
Voronoff, a Russian-French physician and surgeon, made a fortune from removing testes 
from animals (including the controversial monkey and chimpanzee gland transplants by way 
of vivisection, sparking campaigns from animal rights groups and satirical cartoons and 
books on the subject) and transplanting them into men. The chimpanzee tissue was not 
implanted inside the scrotum but instead in the tunica vaginalis. He concluded that his 
experiments with testicular transplants helped to relieve pain and provided a sense of well-
being [07007]. 
 
It was apparent to researchers that some substance circulating in the blood was responsible 
for their findings; however, it was not until 1929, when a German chemist and professor, 
Adolf Butenandt (1903-1995), isolated the first sex hormone, that a new path of discovery 
was initiated. He isolated estrone from the urine of pregnant women and later isolated 15 mg 
of androsterone (ñandroò = male, ñsterò = sterol, ñoneò = ketone) from 15,000 L of urine from a 
local policemen. Over the next few years, researchers found that the hormones isolated from 
the testes were more androgenic than were those isolated from urine. Perhaps the most 
famous, and perhaps unethical, research of ñorganotherapyò occurred in the 1920s and 
1930s at San Quentin prison in California where Leo Stanley transplanted the testicles from 
executed prisoners into impotent prisoners. He had a limited supply, so he turned to 
substituting a variety of animal gonads (from ram, sheep, goat, deer, and boar) to treat men 
who suffered from senility, epilepsy, and paranoia. Over the years he performed hundreds of 
operations. During the 1930s, three pharmaceutical companies each hired research teams to 
isolate the testicular hormone. The term testosterone (ñtestoò = testes, ñsterò = sterol, ñoneò = 
ketone) was coined in 1935 by Karoly David and his research team. Ernst Laqueur isolated 
testosterone from bull testes. The research team was funded by the pharmaceutical 
company Organon in Oss, The Netherlands. Later that same year (on a team funded by 
Schering Corporation in Berlin, Germany), Butendant and Gunicr Hanisch published ñA 
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method for preparing testosterone from cholesterolò in a German journal. Only a week later, 
Leopold Ruzicka (who synthesized androsterone in 1934) and A Wettstein published ñOn the 
artificial preparation of the testicular hormone testosterone (andro-sten-3-one-17-ol)ò in 
Helvetica Chimica Acta and applied for a patent. Butenandt and Ruzicka won the Nobel Prize 
for chemistry in 1939. Butenandt spent a large part of his career studying the sex hormones 
and their relationship with one another. His work laid the foundation for the production of 
cortisone [07007]. 
 
In the late 1930s, experimentation using humans involved testosterone propionate (slow-
release derivative) and methyl testosterone (oral form that was slower to metabolize). Most 
of the research at that time was focused on treating hypogonadism in men (inducing and 
maintaining secondary sexual characteristics and treating impotence). Charles D Kochakian 
discovered an increase in protein anabolic processes, thus opening the door for the 
treatment of a variety of disorders by restoring tissue and stimulating growth. In 1939, it was 
reported that daily topical application of testosterone by females enlarged the clitoris and 
increased sexual desire. The use of synthetic testosterone skyrocketed after publication of 
the book ñThe Male Hormonòe by Paul de Kruif in 1945, which made claims of increasing 
libido and boosting athletic performance. Testosterone was a proposed treatment for 
menorrhagia, dysmenorrhea, estrogen-derived breast cancers, and other breast conditions. It 
was reported to help relieve pain, increase appetite, and promote a ñsense of well-being.ò 
Despite these claims, physicians remained reluctant to begin widespread use among women 
because of the virilizing side effects. Most of the profits from sale of this substance were 
obtained by way of the black market [07007]. 
 
In 1849, Arnold Berthauld, a curator of a zoo in Germany, observed that castrated roosters 
ceased to fight, crow and mate, that their combs and wattle regressed, and that these 
symptoms were reversed by re-implantation of their testes. In 1889, Charles-Edouard Brown-
Sequard, a French physician and Harvard professor, announced that his vigor and sense of 
well-being were transiently but markedly restored after injecting himself with testicular extract 
from guinea pigs and dogs. These observations led to trials of animal and human clinical 
research. In 1935, testosterone was identified as 17beta-hydroxyandrost-4-en-3-one 
(C19H28O2), a solid polycyclic alcohol with a hydroxyl group at the 17th carbon atom 
[12008]. 

 
A landmark discovery was made in 1889 when Dr Brown-Sequard announced at a scientific 
meeting in Paris that he had found a substance that reversed his 72-year-old body's 
ailments. He reported having injected himself with the extract of dog and guinea pig testicles 
under the assumption that these organs had ñinternal secretions that acted as physiologic 
regulators.ò This bold statement was confirmed with the discovery of hormones in 1905 and 
the isolation of testosterone in 1935 [06003].  
 
The first characterized androgen was androsterone, which was isolated from urine. Shortly 
thereafter, in 1935, the characterisation and synthesis of testosterone was done by 
Butenandt and Ruzicka [06004]. The characterization and synthesis of testosterone resulted 
in the 1939 Nobel Prize in chemistry for them [12005].  
 

The era of anabolic steroids 
 
In 1923 Bob Hoffman formed the famous York Barbell Company in the United States. A 
dominant figure in US weightlifting, he published the ñStrength and Health magazineò and 
sold health and food supplements in his gym. As a weightlifting coach, his success led to him 
being named the head coach of the US Olympic weightlifting team. At the 1954 World 
Championships in Vienna, he met with a Soviet colleague who told him of a synthetic form of 
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testosterone developed by the Nazis which produced dramatic improvements in strength and 
power. He and his colleagues contacted Ciba Pharmaceuticals in pursuit of synthetic 
testosterone. Ciba had conducted a number of studies on the use of synthetic testosterone in 
pain patients and the physically disabled. This resulted in the development of danazol, which 
rapidly became a doping substance abused by weightlifters [08008]. 
 
Anabolic androgenic steroids (substances similar to the hormone testosterone) were used 
already directly after World War II by Soviet athletes to increase muscle mass and power in 
weightlifting and bodybuilding events. When the Berlin Wall fell, the East German 
government's program of performance enhancement by meticulous administration of steroids 
and other drugs to young athletes was exposed. These well-documented and controlled 
hormonal doping experiments on adolescent athletes by the East German Sports Medical 
Service at Kreischa and Leipzig yielded a crop of gold medalists (mostly young females as 
they responded more dramatically to male hormones). Some of these athletes later suffered 
severe medical abnormalities, including premature death [08009]. 
 
The first reports of athletes using anabolic steroids searching for an increase in weight and 
power appeared in 1954. After that here has been an increasing use of doping substances 
by athletes. Furthermore, it was found that not just stimulants were being used but also 
anabolic androgenic steroids (AAS). However, the banned list did not include those 
substances. Therefore, the IAAF banned them and developed an immunological method for 
their detection. It was used for the first time at the European Athletic Championships in Rome 
in 1974. No cases were found as the method was still immature, but the IAAF initiative paved 
the way for the IOC who banned steroids in time for the 1976 Games and found eight cases 
at the Montreal Games with an improved method. The IAAF experience soon showed the 
need for strict procedures to be applied at every stage of a doping control, including the 
laboratory analysis. Therefore, the Federation started to work out procedural guidelines for 
doping controls as well as specific requirements for laboratories that were used for the 
analysis of doping-control samples. Some heads of laboratories were not so happy since 
they felt that their competence was questioned, but in 1979 the IAAF decided to only 
recognize analytical results from laboratories that met the specific requirements. The 
ñAccreditation of Doping Control Laboratoriesò was born. Subsequently, two years later, the 
IOC adopted the IAAF system, and for a couple of years laboratories were jointly accredited 
by the IAAF and IOC. In 1986 the IOC took over full responsibility for the accreditation 
program. Today, doping-control laboratories are accredited by WADA [12005]. 

 
The 1960s through 1980s were the golden age of anabolic steroid use in sports. After 
learning that the success of the Russian weightlifting team was in part due to their use of 
testosterone, Dr. John B Zeigler began experimenting with Dianabol (methandrostenolone) 
on weightlifters at the York Barbell Club in 1958. The weightlifters became strength and 
conditioning coaches in a variety of other sports in the United States and spread use of 
anabolic steroids to other sports, such as American football. The German Democratic 
Republic operated a state-supported anabolic steroid doping program that produced many 
medals in the 1970s and 1980s, especially for women in swimming and track and field. The 
doping program, and its health effects for the women, was the subject of an excellent review 
by Franke and Berendonk and a television special by the Public Broadcasting Service. Ben 
Johnson of Canada had anabolic steroids detected in his urine at the 1988 Olympic Games 
in Seoul, and he was stripped of his gold medal. While increased muscle mass was the goal 
of early doping with steroids, since the late 1990s steroids in Olympic sport have been 
primarily used to enhance recovery to allow more frequent and more intense workouts. 
Testosterone is also largely responsible for the larger red blood cell (RBC) mass in men as 
opposed to women, so it has benefits beyond its effect on muscle. Other anabolic steroids 
have a similar effect on RBC production [12006].  
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Soon thereafter in the 1950s, Russian weightlifters began to outpace American Olympians 
through performance-enhancing injections. Attempting to make up lost ground, the then US 
Olympic physician teamed with chemists to produce an anabolic steroid for the Americans, 
now known as Dianabol. In the decades that followed, steroids and stimulants spread 
throughout sports, and in 1959, the first reported case of a high school football player's taking 
steroids surfaced. In the 1960s, the International Olympic Committee banned steroid use and 
began formal drug testing in the ensuing decade. During the 1980s, the reported positive test 
results ranged from 2 to 50 percent, depending on whether the tests were announced or 
conducted at random. At the 1988 Seoul Olympics, the first gold metal in track and field was 
stripped when the Canadian sprinter Ben Johnson lost his 100-m victory after failing drug 
tests. Then, in 1994, an often-referenced survey was conducted by Goldman when aspiring 
Olympians were asked 2 simple questions. The first was, ñIf you were offered a banned 
performance-enhancing substance that guaranteed that you would win an Olympic medal 
and you could not be caught, would you take it?ò Remarkably, 195 of 198 athletes said yes. 
The second was, ñWould you take a banned performance-enhancing drug with a guarantee 
that you will not be caught, you will win every competition for the next 5 years, but will then 
die from adverse effects of the substance?ò Still, more 50 percent of the athletes said yes. 
This survey made it clear that modern athletes often approach their sports with a ñwin at all 
costsò mentality [06003]. 
 
In 1954, the first reports appeared of athletes using anabolic steroids searching for an 
increase in weight and power. As a result, the misuse of anabolic steroids in sports led to a 
ban by the International Olympic Committee of these substances in 1974 and testing was 
implemented on a large scale at the 1976 Montreal Olympic Games via radio-
immunoassays. In 1994, the Drugs Supplement Health and Education Act (DSHEA) was 
approved in the United States and several new steroids were commercialized as nutritional 
supplements. Initially these new steroids were precursors of testosterone, commonly referred 
to as ñprohormonesò. Late 2004, the US Congress approved the Anabolic Steroid Control Act 
(ASCA), restricting the sale of anabolic steroids as nutritional supplements. However, by 
2004 a range of prohormones derived from other steroids, including 19- nortestosterone, 
boldenone and even 17alpha-alkylated steroids were available as over-the-counter 
preparations [06004].  
 
The evolution of the history of testosterone therapies is as interesting as the history of its 
development. Erectile dysfunction is one of the most researched ailments treated with 
testosterone, although any positive effects are questionable. In men with absent to low 
circulating levels of testosterone, treatment with testosterone increased libido, improved 
erectile function, and helped to maintain secondary sexual characteristics. In men with 
normal or mild hypotestosteronemia, studies have not shown consistent response to therapy. 
Those treated were reported to have increased sexual interest, increased arousal, increased 
frequency of intercourse, and nocturnal erections. In the early twentieth century, there was 
much interest in the hormonal influence of testosterone on sexuality and sexual preferences. 
It even was prescribed to ñtreatò homosexuals because it was theorized that male 
homosexuals had higher estrogen levels [07007]. 
 
Testosterone has even played an important role in various ailments affecting women, such 
as treatment for some metastatic breast cancers. Approximately one third of breast cancers 
are hormone dependent and respond to androgen therapies. Other uses for testosterone are 
as postmenopausal hormone replacement therapy, for sexual dysfunction (by increasing 
libido), and for increasing bone density. Some clinical case studies showed an increase in 
appetite, lean muscle mass, and strength and an improved overall sense of well-being. 
Before the use of erythropoietin and bone marrow transplants, testosterone was used to help 
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treat anemia (i.e. chronic renal failure/hemodialysis). Psychiatrists prescribed anabolic 
steroids from the 1930s to the 1980s to treat psychoses, depression, and melancholia. 
Testosterone has been used as an adjunct in people with growth hormone deficiency or in 
boys with pubertal delay [07007]. 
 
Body builders and athletes began using testosterone to increase muscle mass and to 
intensify training protocols on the West Coast of the United States in the late 1940s and early 
1950s. The US Food and Drug Administration approved methandrostenolone in 1958. In the 
1950s, Soviet Union and East German Olympic athletes were using AASs. They later found 
their way into the hands of Olympic competitors, including track and field athletes from many 
countries. Paul Niehans wrote the 1960 bookò Introduction to Cellular Therapyò, in which the 
main emphasis was on testicular secretions. He believed that testicle cell injections 
increased testosterone derivative excretion. Some of Paul Niehans' famous patients included 
Pope Pius XII, Bernard Baruch, and Aristotle Onassis. In 1974, the International Olympic 
Committee banned the use of testosterone and its derivatives. AASs were widely abused in a 
variety of sports, including volleyball, cycling, swimming, soccer, and bobsledding. 
Testosterone was studied using different forms. Scientists quickly learned it was ineffective, 
and even toxic (like 17 alpha-methyl testosterone), when taken orally; instead, it was 
synthesized into tiny pellets that were inserted subcutaneously. Longer-acting injectable 
forms of testosterone were synthesized in the 1950s (i.e. testosterone enanthate). Over the 
following decade, the hormone was modified into derivatives that possessed more anabolic 
qualities. In the 1970s, oral testosterone undecanoate was synthesized; however, it did not 
fare well in the oral form because of hepatic clearance and hepatotoxicity. Transdermal 
scrotal patches were derived in the 1990s. These allowed physiologic levels of testosterone 
to be acquired. Nonscrotal skin patches were developed, and testosterone gels were 
marketed. Today, there are short-acting buccal forms as well as the long-acting injectable 
testosterone undecanoate [07007]. 
 
By the early 1990s, several pharmaceutical companies had stopped producing AASs. It was 
about at this time that the black market sales of AASs and counterfeit products increased 
secondary to the ease of Internet shopping and availability. Authentic steroids, as well as 
placebos and unpurified forms, were sold and abused. The US Congress placed anabolic 
steroids into the schedule III category of the Controlled Substance Act (CSA) in the Anabolic 
Steroid Control Act of 1990. This act included testosterone and all related chemical or 
pharmacologic substances that promoted muscle growth. Corticosteroids, progestins, and 
estrogens were not included in this act. The Anabolic Steroid Act of 1994 was an amendment 
to the CSA. It placed anabolic steroids as well as their precursors on the controlled 
substance list. Possession of the drugs without a prescription was now a federal crime. 
Studies of the effects of supplemental testosterone on aging men in the 1990s suggested an 
increase in word memory, special cognition, increased libido, decreased bone resorption, 
and increased lean body mass and strength. McKinlay reported in the Journal of Urology that 
testosterone does not treat impotence. In theory, prostatic tissue, including cancer and 
benign prostatic hypertrophy, can be stimulated by testosterone, but no compelling evidence 
has been reported that suggests an increased risk [07007]. 

 
Androgenic-anabolic steroids (AAS) have been misused by athletes at the Olympic Games, 
both before and after they were prohibited in sport in 1974. Systematic doping with AAS 
occurred in the German Democratic Republic from 1965 to 1989 which assisted that country 
to win many medals at Olympic Games, especially in female events. Currently, androgenic-
anabolic steroids are the most frequent category of prohibited substances detected in the 
urine of athletes both globally and at the last two Summer Olympic Games. Scientific 
confirmation that AAS are effective in enhancing sports performance was difficult because 
ethical approval was difficult for research involving male subjects taking massive doses of 
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androgens as some athletes and bodybuilders did. Methods to detect androgenic-anabolic 
steroids have evolved gradually over the past three decades and currently, despite an 
impressive array of sophisticated analytical equipment and methods, anti-doping authorities 
and analytical scientists continue to face challenges as have occurred from the use by 
athletes of designer AAS during the past few years. The future development and use of 
selective androgen receptor modulators can be anticipated to pose problems in the years 
ahead. Endocrinologists should be aware that on occasions, replacement testosterone 
therapy may be authorized in sport as a therapeutic use exemption (TUE) [08060]. 

 
Definitive proof of anabolic steroid abuse in sports was not possible prior to the introduction 
of combined gas chromatography/mass spectrometry (GC/MS).It was now given a report of 
the early history (1960-1980) of GC/MS and radioimmunoassay, and how these techniques 
were utilized in the first years of steroid doping control in athletics. There were several key 
individuals and research groups involved in the early technical developments, and their 
essential contributions have been acknowledged. The Oakland USA laboratory was the first 
IAAF (International Association of Athletic Federations) sanctioned site to do steroid GC/MS 
steroid analysis resulting in athletes being disqualified from competition. This gave notable 
successes, including the only East German female competitor ever suspended during the 
tenure of the DDR (Deutsche Demokratische Republik). By the early 1980s, in anticipation of 
the Los Angeles Olympic games, dedicated year-round sports testing facilities had been 
established and part-time amateurs could step aside [08125]. 
 
High levels of anabolic-androgenic steroids abuse have been attributed to professional 
football players, bodybuilders, weight lifters, and track and field throwers since the 1960s. 
The exceptional athletic performance of the East German female swimmers in the 1976 
Montreal Olympics brought further public attention to AAS athletic use. It was not until the 
1980s, however, that the medical community admitted that these substances were effective. 
Since that time, the pervasive use of AASs by professional athletes has garnered significant 
media attention, culminating most recently in the ongoing investigation of the use of illegal 
performance enhancing drugs by some of baseball's top players. ñJuicedò, a book by Jose 
Canseco, details his steroid use and the widespread use of anabolic steroids in Major 
League Baseball [07008]. 

 
US professionals 
 
Despite years of aggressive anti-doping testing by international sports federations such as 
those for cycling, athletics and soccer, steroid abuse scandals involving high profile athletes 
continue to be front page news across the globe. Professional sports in the United States 
were not subject to extensive anti-doping programs, as players' unions and collective 
bargaining agreements prevented such extensive testing to be put into place. However, they 
did establish limited anti-doping programs, as the professional sports organizations 
recognized the potential of doping to harm athletes and their sport. In 1998, when Mark 
McGuire, an American baseball player, broke Roger Marris' home run record, it was revealed 
that he had been taking a supplement containing a precursor to nandrolone, a steroid. At that 
time Major League Baseball did not ban steroids and did not believe that steroids were a 
problem within the league. However, subsequent government investigations and former 
players revealed that steroid abuse was a problem in the League, which resulted in a limited 
steroid testing program [08006]. 
 
Anabolic steroid prodrugs in the US 
 



 

 

 

 

 

125 

 

The potential performance-enhancing benefits of testosterone precursors were brought to the 
attention of the public and athletic community in the US in 1998 when Major League Baseball 
player Mark McGwire set the home run record and openly admitted to using 
androstenedione. Sales skyrocketed by 500 percent, and many supplements containing 
prohormones became available in the United States market. Questions and concerns of 
contamination with other supplements arose but their purity was unknown because these 
supplements were not regulated by the FDA. Also, their popularity was fueled by the 
misperception that nutritional supplements are natural, and, therefore, safe. In 2004, after 
much controversy and debate, the US Department of Health and Human Services (HHS) and 
the FDA announced a crackdown on companies that manufacture, market, and distribute 
products containing androstenedione. They recognized the potential serious adverse health 
risks that were similar to those associated with AASs. As part of their concern about its 
safety, the FDA and HHS sent warning letters to 23 companies asking them to stop 
distributing dietary supplements that contained androstenedione and warned them that 
enforcement actions would be taken if they did not comply. As a result of this action, the 
Anabolic Steroid Control Act of 2004 was passed. This act added the steroid precursor 
androstenedione to the list of schedule III controlled substances in the United States. 
Schedule III substances have limited medicinal use, require a prescription from a licensed 
physician, and allegedly can threaten public health without government regulation. DHEA 
was not added to the controlled substance list; industry lobbyists contended that it had 
proven effective as an antiaging supplement and that its risks were minimal [07009]. 

 
Designer drugs 
 
Synthetic organic chemistry can be traced back to 1865 when Friedrich August Kekule 
published two theoretical papers on the structure of aromatic organic molecules. Paul Ehrlich 
postulated in the early 1870s that differences in chemoreceptors between micro-organisms, 
parasites, and cancer cells from those in host cells could be exploited for therapeutic 
purposes. In the absence of current ligand-based and receptor-based molecular design 
techniques, there were limited approaches to identify minor structural changes in biologically 
active compounds that would enhance selectivity and/or potency of therapeutic molecules. 
Hamett made the first significant contribution relating structure to activity of small organic 
compounds with his study correlating electronic properties of organic acids and bases with 
reaction rates and equilibrium constants, focusing on benzoic acid derivatives. Moving 
beyond the linear free energy relationships provided by the Hammett equation, the next 
major development was the introduction of quantitative structure-activity relationships 
(QSAR) by Corwin Hansch et al. in two seminal papers in the early 1960s, providing a new 
tool to systematicallyrelate molecular descriptors (electronic, steric, topological, and 
hydrophobic indices) to biological activity. These early efforts concentrated on naturally 
occurring plant hormone mimics, and relied on statistical analysis of published accounts of 
the biological activity of phenoxyacetic acid derivatives and other plant growth regulators. 
Electronic indices were found insufficient for QSAR of biological systems; rather, a measure 
of lipophilicity (classically measured as an octanol-water partition coefficient) was essential to 
predict targeting of compounds to specific tissues, cells or organelles, and subsequent 
biological activity. John Topliss developed a method to automate QSAR; however, it is of 
limited utility in many experimental systems and ignores possible interactions between 
multiple substituents. QSAR remains a dynamic tool for drug design and optimization. 
Approximately 15 years ago, pharmaceutical companies realized that existing screening 
libraries were inadequate for newly developed high-throughput efforts for lead drug design. 
The challenge has been to balance size and structural diversity of new libraries against 
screening cost, while maintaining affinity and selectivity against a portfolio of targets. Two 
major approaches have emerged: fragment-based screening (FBS) and diversity-oriented 
synthesis (DOS). Despite major advances in chemical screening and synthesis, discovery of 
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new drugs is difficult, expensive, and the efficacy of target-based drug discovery has been 
questioned [11555]. 

 
BALCO 
 
Although a general topic of interest in the 1990s, designer drugs first made international 
headlines in 2003 with the Bay Area Laboratory Co-operative (BALCO) scandal involving the 
widespread use by athletes of tetrahydrogestrinone (THG). This simple reaction created a 
potent agonist for androgen and progesterone receptors whose presence could not be 
detected by standard multiple reaction monitoring (MRM) methods used by anti-doping 
laboratories for steroid detection. Subsequent characterization of this steroid derivative led to 
US federal prosecution of many involved with BALCO, culminating in March 2011, with the 
most high profile case so far, involving the former San Francisco Giant (US Major League 
Baseball) Barry Bonds [11555]. 

 
 
History o f b lood doping  
 
Blood transfusions as a means for improved endurance were researched as early as 1947 by 
Pace and coworkers. Transfusion of 500 ml of allogeneic erythrocytes on four consecutive 
days reduced the pulse rate during exercise in simulated hypoxia. However, even though the 
methods would not meet todayôs standards; this was the first of many studies to confirm the 
possible performance enhancing effect of blood transfusions. Accordingly blood transfusions 
in sports were later banned by the International Olympic Committee (IOC) in 1986 [13005]. 
 
Lasse Viren, a Finnish long distance runner who won gold medals at the 1972 and 1976 
Olympic Games in the 5,000 m and 10,000 m, is believed to be among the first athletes to 
have used blood transfusions to improve performance. It should be noted that this technique 
was not banned at the time and although the ethical debate on the topic was in full swing, it 
was only in 1986 that the International Olympic Committee banned blood transfusions. Other 
than the anecdotal evidence from the Nordic distance runners, there are other reports on 
more systematic use of transfusions in the context of major sporting events in the 1980s. 
Notably, it is well established that a large part of the US cycling team was involved in a 
systematic blood doping program that earned them unprecedented success at the 1984 
Olympic Games in Los Angeles. There is also some evidence that blood transfusions were 
an integral part of the doping regime used for the enhancement of performance for athletes 
from the Eastern bloc (Soviet Union, East Germany) at that time. Nevertheless, it can be 
assumed that because of the logistic requirements of blood withdrawal and reinfusion, the 
technique was not widespread, as the technical necessities were only available to a small 
number of athletes, but nevertheless available to certain elite athletes [13006]. 
 
The blood doping situation changed dramatically with the commercial introduction of 
recombinant human erythropoietin (rhEPO), the human hormone that regulates the 
erythropoietic system in the organism. EPO was first isolated in the 1950s. The gene for 
human erythropoietin was successfully cloned in 1983, and the first recombinant 
erythropoietin (rhEPO) was approved by the FDA for treatment of anemia in renal failure in 
1989. One year later the IOC banned the use of erythropoietin (EPO) [13005]. 
 
Studies investigating the effect of rhEPO on performance were soon published and 
demonstrated positive effects on maximal oxygen uptake of 6-12 percent. Although the 
authorities rapidly banned rhEPO, the easy access to the substance and the huge impact on 
performance resulted in widespread abuse of rhEPO during the 1990s/2000s. It is believed 
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that this substance had a considerable impact on the development of peak performances in 
all endurance sports during these years and there are even scientific attempts to prove this 
for several sports on the basis of performance analysis. The abuse was facilitated by the fact 
that no detection method was readily available at that time. From a practical point of view, 
the impact of rhEPO on performance in endurance sports is best illustrated by a quote from 
Greg Lemond, an American cyclist who won the Tour de France in 1986 and 1989, i.e., 
before rhEPO became available, recalling the 1991 race: ñI was the fittest I had ever been, 
my split times in spring training rides were the fastest of my career, and I had assembled a 
great team around me. But something was different in the 1991 Tour. There were riders from 
the previous years who couldnôt stay on my wheel who were now dropping me even on 
modest climbs.ò These words accurately describe how rhEPO changed the entire world of 
endurance sport in the following decades and divided the athletesô performance primarily 
between rhEPO users and non-users [13006]. 
 
Logically, following widespread abuse from the 1990s onwards, doping scandals involving 
rhEPO or blood transfusions have shaken the world of sport on a regular basis, culminating 
recently with the investigation of Lance Armstrong, who subsequently admitted the use of 
both rhEPO and blood transfusions throughout his career. Although, it is therefore common 
belief that many recent doping cases were not unveiled by conventional anti-doping testing, 
but rather by police investigations or admissions from athletes or staff, thus non-analytical 
approaches, anti-doping laboratories were able to detect about 400 cases testing positive for 
rhEPO between 2003 and 2011 (World Anti-Doping Agency (WADA) statistics). Analytics 
have therefore come a long way in the detection of blood manipulation in sports and still 
outperform police investigations by 10 to 1 [13006]. 
 
Blood transfusions, as a method to enhance endurance performance, first gained attention 
after the Olympic games (OGs) in Mexico City in 1968. Before these OGs, evidence was 
presented that a lowered atmospheric pressure would decrease performance in all athletic 
disciplines dependent on a high level of sustained oxygen uptake. This was indeed 
confirmed in Mexico City, where all winning times in running races above 800 m were 
significantly worse than the world records at that time. This highlighted the impact of the 
oxygen delivery to the working muscles as a limiting factor during whole body endurance 
exercise. It also became evident that runners hailing from higher altitudes tended to be 
superior to competitors from lowlands because they had ñthick bloodò with high hemoglobin 
content. A relatively straightforward way to increase the hemoglobin concentration (Hb), and, 
hence, oxygen delivery to the muscles is, thus, by blood transfusions. This was documented 
in the classic study by Ekblom et al from 1972 where a high correlation between Hb and 
performance capacity after blood withdrawal and reinfusion was presented. An overnight 
increase in Hb by 13 percent caused by the reinfusion of 3 units of stored autologous blood 
resulted in an increase in maximal oxygen uptake and physical performance capacity of 9 
percent and 23 percent, respectively. The method of transfusing blood in a sport setting was 
hereafter dubbed ñblood dopingò by the media, and its potent effect on athletic performance 
was quickly noted in the sports community. Blood doping was used already at the OG in 
1972 by a Finnish steeplechaser, and during subsequent OGs, several athletes admitted 
having used blood doping. Not until after the OG in Los Angeles in 1984, where the US 
cycling team used blood doping and won 9 medals after not having won a medal in cycling 
for 72 years, the method (both homologous and autologous transfusions) was prohibited by 
the International Olympic Committee, although no method was available to detect its use. 
Because of its logistic advantages compared with blood transfusions, human erythropoietin 
(rhEPO) became the preferred blood boosting method by athletes after it had been available. 
At the OG in Sydney in 2000, two tests for rhEPO were introduced: a ñdirect testò that was 
able to distinguish rhEPO from endogenous molecules by isoelectric focusing and an 
ñindirect testò based on changes in blood parameters caused by rhEPO administration. 
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Because of the introduction of these tests, old-fashioned blood doping reentered the scene. 
At the Salt Lake City Winter OG in 2002, discarded blood transfusion equipment was found 
at the headquarters of the Austrian cross-country skiers. After DNA testing, 2 skiers were 
disqualified.Although testing for homologous blood transfusions had been performed at the 
Lillehammer OG in 1994 by use of antigen testing cards, it was not until 2004 at the OG in 
Athens that a test had been validated and implemented. At this event, the gold medal winner 
of the men's time trial in cycling was first tested positive, but because the backup sample (B-
sample) was frozen and, thereby, the red blood cells (RBCs) destroyed, no doping offense 
could be proven. After he failed further doping tests at the 2004 Vuelta a España, the rider 
was suspended for 2 years [12009]. 
 
The word ñdopingò was used in the 1860s to describe a drug used for horse racing that 
consisted of opium and narcotics. With human athletes, ñblood dopingò originally referred to a 
process whereby athletes increased their oxygen-carrying capacity by receiving blood 
transfusions from previously donated blood to increase their hematocrits a few days before 
competition. The first report of blood doping in a controlled experiment was reported in 1947. 
Today, ñblood dopingò is used more synonymously with cheating of any kind, including any of 
the various blood-boosting methods or classes of ergogenic aids that are available to 
athletes. Advances in genetic medicine have allowed athletes to raise their level of 
sophistication significantly by using PESs that are virtually undetectable. In June 1989, the 
first rHuEPO product was marketed in the United States. It was isolated and purified from 
Chinese hamster ovaries and reproduced using DNA recombinant techniques. The popularity 
and effectiveness of rHuEPO in elite endurance athletes is demonstrated by a long list of 
anecdotes associated with its misuse during international competition. When the average 
speed of the cyclists racing in the Tour de France began to increase suddenly during the 
1990s, rumors of rHuEPO use began to circulate. The gene that produces EPO was cloned 
in 1985, and rHuEPO was available in Europe by 1987. Between 1987 and 1991, more than 
20 Dutch and Belgian cyclists died at rest ï some of them while sleeping ï as a result of 
unexplainable cardiac arrest. Between 1997 and 2000, 18 more cyclists died from pulmonary 
embolisms, stroke, and myocardial infraction. Finally, suspicions of rHuEPO use in 
professional cyclists competing in Europe were confirmed during the 1998 Tour de France; 
boxes of ampules containing rHuEPO were found in team vehicles and the personal rooms 
of riders from many of the biggest and most successful teams. It became embarrassingly 
clear that rHuEPO use in elite professional cyclists was organized, widespread, and 
sophisticated. The International Olympic Committee (IOC) added rHuEPO to its list of 
banned substances in 1990, even though all forms of blood doping had been officially 
prohibited since 1984. Despite justified suspicions of rHuEPO use in cycling and the inability 
of current methods to detect its use, in 1997, the governing body of the International Cycling 
Union (UCI) enacted hematocrit cutoffs for male (50 %) and female (4 7%) cyclists while 
more reliable methods of detection could be developed. The hematocrit cutoffs were based 
on existing normative data on elite athletes, taking into consideration the expected effect of 
dehydration, in an attempt not to exclude athletes with normal variations but to protect 
athletes from danger. Anyone over that limit would be considered ñunfit to raceò and could 
not compete for 2 weeks, although they were not subjected to official sanctions. To 
circumvent this, an athlete could inject rHuEPO every 2 to 3 days over 3 to 4 weeks, along 
with some form of iron supplementation, to get a desired effect and then reduce the dose to 
match the basal rate of endogenous EPO production to maintain one's hematocrit just below 
the ñlegal limit.ò During the 2000 Sydney Olympics, the IOC approved the use of a test 
developed by the Australian Institute of Sport to detect rHuEPO users [07010]. 

 
Shortly after the discovery of blood circulation by the English physician William Harvey in 
1628, the first empiric blood transfusion was attempted. There is therefore a long history of 
blood doping, conventionally originating with the anecdote of athletes being encouraged to 
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drink reindeer blood or something like that to achieve extraordinary performances. Although 
the earliest proof of improved sport performances after blood transfusions was provided 
already in 1947, the first evidence of blood doping came later, in 1972, when a controlled 
experiment clearly showed a considerable increase in performance of athletes undergoing 
autologous transfusion of packed RBCs from an earlier venesection. Since then, there are 
consistent records of athletes experimenting with blood transfusions who achieved incredible 
success in competitions. Besides the first anecdotal reports, this technique became fairly 
popular during the 1980s and was widely used by distance runners, cyclists, and skiers, 
particularly during the 1980 and 1984 Olympics. Although no reliable test had been devised 
for unequivocal detection, the International Olympic Committee (IOC) officially banned blood 
doping after the 1984 Olympics. In the same year, the USA Olympic Committee declared that 
seven cyclists, including four medallists, out of 24 athletes of the national team who 
participated in the Olympic Games, used transfusions. Years later, following the 
implementation of reliable strategies for detecting doping with recombinant erythropoietin and 
analogues, blood transfusions, which had fallen out of favor, made a strong comeback. In 
March 2002 at the Salt Lake City Olympics, the IOC investigated the discovery of discarded 
blood transfusion equipment at the quarters of the Austrian cross-country skiers. Following 
DNA testing, two Nordic skiers (who had been placed in the 40s, and not the Austrian teamôs 
three medallists) were disqualified and had their results cancelled. For the same reason, 
some professional cyclists, one of whom nearly died after being injected with poorly stored 
blood, were found guilty and suspended in 2004 [06005]. 

 
The suspension of several professional road cyclists from the 2006 Tour de France could 
represent the tip of the iceberg, with more than 200 athletes in different sports disciplines 
implicated in an international doping probe including blood transfusions and exogenous 
hormone administration. In an apartment building in Madrid occupied by a doctor, Spanish 
police discovered clandestine equipment for international performance enhancement, seizing 
more than 200 450 mL blood bags, along with records and several other doping substances, 
which allowed investigators to finally match code names of athletes with their highly detailed 
doping records. This sophisticated pan-European doping ring either treated athletes locally or 
arranged the transport of stored blood through a system of couriers to athletes at race sites. 
Hence, based on the riders named in this one investigation, the problem is endemic [06005]. 

 
Early testing strategies for blood doping 
 
Originally, the only means to test for doping by blood transfusion was the adoption of 
arbitrary thresholds for hematocrit and/or hemoglobin. Blood doping practices were 
suspected when blood tests showed hemoglobin values exceeding 175 g/L for men and 155 
g/L for women (International Ski Federation), and hematocrit values above 0.50 for men and 
0.47 for women, with reticulocytes < 2 percent (according to the International Cycling Union). 
Athletes with random values exceeding such limits were prevented from racing in official 
competitions. Nevertheless, such a questionable strategy involved several drawbacks, 
including the difficult interpretation of several hematological parameters because of wide 
inter-individual variability, the possible occurrence of false positive results that would have 
penalized clean athletes with naturally increased values, and the possibility to arbitrarily 
expand or titrate the RBC mass up to the allowable threshold [06005].  

 
The obvious alternative to homologous blood transfusions is autologous blood transfusions 
(ABTs). In 2006, just before the Tour de France, a large Spanish doping scandal evolved, 
known as Operación Puerto. A doping ring involving several physicians was uncovered by 
the Spanish police, and more than 200 autologous blood units belonging to professional 
athletes were found in freezers and refrigerators for subsequent reinfusion. Detailed doping 
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calendars from individual athletes were published, and the modus operandi of involved 
athletes and their physicians was uncovered. From these calendars, it became evident that 
besides the massive abuse of a wide range of different performance-enhancing drugs and 
masking agents, ABTs were used during important competitions. The procedure of blood 
withdrawal and reinfusion was performed numerous times for each individual athlete during 
the year by using specialized equipment for phlebotomy and storage. Typically, blood was 
withdrawn after competitions and reinfused few days before 1-day races or before and during 
multiple-day competitions. Since then, athletes testing positive for other substances have 
confirmed the ongoing abuse of ABT today [12009]. 

 
Increasing delivery of oxygen to the active muscles and making energy efficiently from the 
oxygen is the most effective way to increase performance. Increasing the number of RBCs is 
the most effective way to increase aerobic performance. The US pursuit cycling team 
unexpectedly won gold at the XXIII Olympic Games in Los Angeles. It was later revealed that 
they transfused blood and that some of the cyclists had suffered severe transfusion 
reactions. The advent of recombinant protein therapeutics in the late 1980s ushered in a new 
era for dopers. The lay press speculated that the deaths of 18 European cyclists were related 
to the availability of recombinant human erythropoietin (rhEPO). rhEPO stimulates the 
production of red blood cells in the bone marrow, resulting in increased red blood cell mass. 
The development of a test for rhEPO caused the athletes to change the route of 
administration from subcutaneous to intravenous, decrease the dosage, and increase the 
frequency of administration in order to avoid detection. At the Salt Lake City Games in 2002, 
three winter endurance athletes had Aranesp (darbepoetin-alpha), a novel erythropoietin 
stimulating protein, detected in their urine samples ï 7 months after approval in the 
European Union and 5 years before the FDA approved its medical use in the United States. 
Information gathered from investigations confirms that with the advent of tests for prohibited 
peptides and proteins like EPO, some cheating athletes changed to autologous blood 
transfusions to increase RBC mass [12006].  

 
History of dectection of recombinant erythropoietin and derivates 
 
Direct detection of a forbidden substance in a biological matrix such as urine or blood 
obtained from an athlete is the classical forensic approach to prove doping. This approach 
has long been the sole strategy, only fine-tuned by improving the sensitivity of the analytical 
detection methods and by optimizing the timing of testing. The basic principle of the direct 
detection of forbidden substances relies on the fact that these substances are different from 
the normal constituents of the human organism. With the introduction of recombinant drugs 
such as rhEPO, this principle was not valid anymore, as the recombinant constituent was 
virtually identical to the endogenous version of the substance. Thus, at first, doping tests 
could not differentiate between the natural, endogenous and the artificial, exogenous 
recombinant version of the drug. This has, for a long time, been a major difficulty for the 
testing laboratories. In 1995, it was described a method to separate the natural from 
exogenous EPO through electrophoresis, but other laboratories could never replicate their 
results and the described method never reached the stage of validation. Only in 2000, thus 
more than 10 years after the estimated beginning of rhEPO abuse in sports, the first 
practicable and validated test to directly detect rhEPO in urine was published. This test relied 
on a difference in glycosylation between the endogenous and the exogenous EPO 
molecules, which resulted in different migration characteristics during isoelectric focusing 
(IEF). The recombinant EPO was industrially harvested from transfected hamster kidney or 
ovarian cells and, owing to the difference in cell organelles, a minor posttranslational 
difference in glycosylation between the rhEPO (made by the hamster cells) and the 
endogenous EPO (made by the human kidney cells) occurred, although the amino acid 
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sequence is identical. The rhEPO molecules are less negative and will thus move differently 
from endogenous EPO in an electric field, which can be demonstrated using the IEF. Further 
developing the approach of Wide, IEF is then followed by double blotting, which addresses 
the problem of non-specific binding of the EPO molecules. Although relatively cumbersome, 
the method soon identified the first athletes testing positive, namely Roland Meier and Bo 
Hamburger, both cyclists. Ironically, Hamburger was later acquitted by the court of arbitration 
of sports on formal grounds (i.e. a lack of harmonization of the positivity criteria for the EPO 
tests between laboratories was identified). This issue has since been addressed and strict 
positivity criteria apply, based on acceptance, identification, and stability principles. rhEPO 
positive samples, for example, have to show at least three acceptable, consecutive bands in 
the basic area and the two most intense bands measured by densitometry must be in the 
basic area. When the analysis is performed in blood (serum/plasma) the intensity of those 
bands must be approximately twice or more than any band in the endogenous area. Many 
laboratories nowadays use computer-based classification algorithms to guarantee objectivity 
in this context [13006]. 

 
At the 2000 Olympic Games in Sydney, the Australian WADA-certified laboratory first 
launched a sophisticated anti-doping test for erythropoietin that required both urine and a 
blood sample. Over 300 tests were performed for erythropoietin for the first time in Olympic 
history but no positives were reported. This could be due to the fact that the technology for 
the test was new and questions still existed about the assay [08006]. 

 
Hypotheses on erythropoietin doping practice 
It has been noted that recombinant erythropoietin (rEPO) appeared in Europe in 1987, and 
the unusual deaths began soon thereafter. From 1987 to 1991, up to 20 competitive cyclists 
died suddenly and unexpectedly. Autopsy results were elusive, but cycling authorities said 
the deaths were from óóheart attack,ôô óócardiac arrest,ôô or óócardiac failure.ôô However, about 15 
of the deaths seemed to fit a profile that suggested another explanation: They were young 
and improving fast, óórising starsôô who died not during a race but at rest before or after a race. 
The rationale for abusing rEPO in competitive cycling is that by raising the hematocrit without 
unduly raising blood viscosity, one can enhance aerobic performance by enhancing oxygen 
delivery to muscles. By 1990, the first experiment on the effects of rEPO on athletes had 
been done, and the lead researcher was quoted to the effect that rEPO might enable an elite 
athlete to shave 30 s off a 20-min racing time. The problem is that the higher the hematocrit, 
the greater the risk of clots. Blood clots are the proximate cause not only of pulmonary 
emboli but also of many strokes and heart attacks. Coagulability hinges partly on blood 
viscosity, which is set by the plasma fibrinogen level, the deformability of red cells, and the 
hematocrit. Hematocrit also influences platelet adhesion, the first step in arterial thrombosis. 
Hematocrit, then, modulates the flow, fluidity, and coagulability of blood. As hematocrit 
increases toward 60 percent as in mountaineering, for example, blood clots can become a 
menace [13066].  
 
In 1991, a warning appeared in a prestigious medical journal on how fast hematocrit can rise 
with large doses of rEPO and how rEPO abuse by athletes could drive hematocrit to 
óódangerously high levels.òBy 2007, after esteemed studies in patients with renal disease, 
cancer, and other major illnesses tied higher dosing of rEPO to greater risk of death from 
thrombotic events (heart attack, stroke, or venous thromboembolism) or heart failure, the 
Food and Drug Administration issued a black box warning on these risks from rEPO. Even 
this did not end the abuse of rEPO by athletes or the deaths. Cyclists continued to dope, 
dupe, and die [13066]. 
 
Sudden deaths in Swedish orienteers 



 

 

 

 

 

132 

 

A spate of deaths in orienteers paralleled the cycling deaths. Suddenly, among young, elite 
orienteers (but in no other Swedish sports), the death rate spiked to 1 percent a year for 3 
years in a row. From 1989 to 1992, seven elite-level orienteers, all from the same small area 
of central Sweden, died during or after competitions or training. They knew one another and 
occasionally trained together. All performed very well shortly before they died; some placed 
near the top in national competitions. The last, Melker Karlsson, 24, was a rising star who 
died after a training run and sauna. His death was the final straw that led to a meeting of 
Swedish health experts to probe potential causes and solutions. As in the cyclists, the deaths 
were considered óócardiac,ôô and a popular hypothesis was a transmissible myocarditis, 
ascribed first to Chlamydia and then to Bartonella. Their supporting evidence, however, is not 
compelling and does not dissuade skeptics, from speculating that a culprit in this spate of 
sudden deaths in top Swedish orienteers was abuse of rEPO [13066]. 
 
Cyclists 
Evidence from many believable anecdotes, from sworn testimony to the United States Anti-
Doping Agency (USADA), and from police raids at the 1998 Tour de France and before the 
2006 Tour de France shows that cyclists continue to abuse rEPO. Indeed, top South African 
cyclist David George was caught on rEPO (and admitted it) in August 2012. The culture of 
competitive cycling dies hard; despite the deaths and the black box warning, rEPO abuse in 
cycling has endured for 25 years. In his affidavit to USADA, Stephen Swart, a teammate of 
Lance Armstrong in 1994 to 1995, said that their Motorola Team used rEPO for the 1995 
Tour de France, and that most riders, including Lance Armstrong, had a hematocrit over 50 
percent. It is widely reported that Marco Pantani abused rEPO and had a hematocrit of 60 
percent in a 1995 race. As noted in Tyler Hamiltonôs recent tell-all book, Bjarne Riis won the 
1996 Tour de France on rEPO, and his peak hematocrit was an astonishing 64 percent. For 
cyclists who abuse rEPO, there may be a thin line between winning and dying. Alas, the 
deaths continue. From early 2003 to early 2004, eight more European cyclists died, and up 
to five fit the profile of a likely rEPO death. Notable were French cyclist Fabrice Salanson, 23, 
found dead in his hotel room just hours before he was to start the Tour of Germany, and 
Belgian cyclist Johan Sermon, 21, who went to bed early to rest up for a planned 8-h training 
ride the next day, but was found by his mother dead in bed at dawn. In early 2009, the 
promising Belgian cyclist Frederick Nolf, 21, died at night in his Ritz-Carlton hotel room, after 
the fourth stage of the Tour of Qatar. He went to bed laughing and happy and never woke 
up. No autopsy was done. How the autopsy results on Salanson were described to the press 
may come closest to the truth in this long, sad saga. Dr Jan Dressler of the University of 
Dresden Medical Institute said the death was probably caused by the heart enlarging and the 
coronary vessels failing to pump enough blood [13066]. 

 
Background to the athlete biological passport 
 
In an investigation of samples obtained as part of routine International Ski Federation blood-
testing procedures in participants at the World Ski Championships, abnormal hematological 
profiles, defined as those deviating from the 1989 Nordic Ski World Championships and the 
IOC Erythropoietin 2000 project data set, were identified in 36 percent of the skiers tested 
and finishing within the top 50 places in the competitions. In addition, 50 percent of medal 
winners and 33 percent of those finishing from 4th to 10th place had highly abnormal 
hematological profiles. In contrast, only 3 percent of skiers finishing from 41st to 50th place 
had highly abnormal values. Although these data cannot be immediately associated with 
blood doping practices, including blood transfusions, and it is very unlikely that blood doping 
would be less common in other endurance sports, the present situation is highly suggestive 
of a phenomenon that is not being controlled by the ongoing antidoping testing program. In 
fact, it has been hypothesized that a combination of blood transfusion and recombinant 
human erythropoietin administration could also be used by such athletes [06005]. 
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History of doping with growth hormone  
 
In 1998 at the Tour de France that French customs arrested Willy Voet, a physiotherapist of 
the Festina cycling team, for the illegal possession of needles, syringes and over 400 bottles 
containing erythropoietin, human growth hormones, steroids, amphetamines, narcotics and 
stimulants [08006]. 
 
Ben Johnson also admitted to using human growth hormone along with steroids during 
investigations after his disqualification in Seoul. The abuse of growth hormone in sports 
seems to be escalating, with large caches of needles and vials of hGH being confiscated at 
sporting events worldwide. Six months prior to the 2000 Olympic Games, a pharmacy in 
Sydney was broken into and 1,575 multiple dose vials of growth hormone were taken while 
nothing else was touched. Also, on their way to Australia, the Chinese swimming team was 
detained, as needles, syringes, and vials of human growth hormone were found by customs 
officials in their baggage [08006]. 

 
hGH is a naturally occurring hormone produced by the anterior pituitary gland and is one of 
the major hormones influencing growth and development. Harvey Cushing discovered the 
hormone in 1912 and isolated it from human and monkey cadaver brains in 1956. Two years 
later it was used to treat dwarfism in children by injection. The unfortunate development of 
Creutzfeldt-Jakob disease, a degenerative brain disorder, in boys who were treated with 
cadaver growth hormone led to the discontinuation of all products derived from the human 
pituitary gland. Because of this ban, the abuse of hGH was rare in sport until the middle to 
the end of the 1980s. In 1985 Genentech received approval from the US FDA to market 
Protropin® for children with growth hormone deficiency. This was the first recombinant DNA 
form of growth hormone (rhGH) that was safer than cadaver extracts used in the past. 
Recombinant DNA technology made the production of pharmaceutical grade growth 
hormone easier and cheaper. Most human growth hormone used in medicine and diverted to 
sports doping is now obtained by recombinant technology, and is simply referred to as hGH 
(but it may also appear as rhGH or HGH) [08006].  
 
Growth hormone (GH) is an important and powerful metabolic hormone that is secreted in a 
pulsatile pattern from cells in the anterior pituitary, influenced by several normal and 
pathophysiological conditions. Human GH was first isolated in the 1950s and human derived 
cadaveric GH was initially used to treat patients with GH deficiency. However, synthetic 
recombinant GH has been widely available since the mid-1980s and the advent of this 
recombinant GH boosted the abuse of GH as a doping agent. Doping with GH is a well-
known problem among elite athletes and among people training at gyms, but is forbidden for 
both medical and ethical reasons. It is mainly the anabolic and, to some extent, the lipolytic 
effects of GH that is valued by its users. Even though GH's rumour as an effective ergogenic 
drug among athletes, the effectiveness of GH as a single doping agent has been questioned 
during the last few years. There is a lack of scientific evidence that GH in supraphysiological 
doses has additional effects on muscle exercise performance other than those obtained from 
optimised training and diet itself. However, there might be synergistic effects if GH is 
combined with, for example, anabolic steroids, and GH seems to have positive effect on 
collagen synthesis. Regardless of whether or not GH doping is effective, there is a need for a 
reliable test method to detect GH doping. Several issues have made the development of a 
method for detecting GH doping complicated but a method has been presented and used in 
the Olympics in Athens and Turin. A problem with the method used, is the short time span 
(24-36 hours) from the last GH administration during which the test effectively can reveal 
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doping. Therefore, out-of-competition testing will be crucial [08238]. 
 
Today, many medical interventions that begin as treatments for disease often expand into 
therapies that reduce disability, lessen disadvantage, or even confer advantage. Forces that 
propel profitable drugs, devices, and procedures dominate over considerations of efficient 
and equitable distribution of resources. This dominance is fueled by industry-physician 
collaborations often biased by prior assumptions, reliant on surrogate outcomes, and 
advantageous to marketing. Interventions are justified by "medicalization" of physiologic 
variations (e.g. short stature) as defects or disease, and nudged into "standard practice" by 
key opinion leaders. The story of recombinant human growth hormone (hGH) treatment of 
short stature is one vivid example, but others (e.g. expansion of drug treatment to "optimize" 
cholesterol profiles, bone health, psychological well-being) can be found throughout 
medicine. In the new obesity era, lessons learned from the hGH era will be needed to keep 
the field of pediatric endocrinology empowered to make the key clinical decisions, and free of 
unintended consequences for patients and runaway health care inflation for society [11469]. 
 
After testing over 1,000 samples, the first adverse analytical finding of growth hormone came 
in February 2010 when the British Rugby League player, Terry Newton, tested positive. 
Since then, several other positive tests have been reported including the announcement in 
September 2010 from the Canadian Center for Ethics in Sport that Matt Socholotiuk, a 
University of Waterloo football player, had tested positive for GH use on 31 March 2010. The 
following year, Colorado Sky Sox first baseman Mike Jacobs became the first baseball player 
to test positive for GH and was subsequently suspended for 50 games by Minor League 
Baseball. In 2011, Andrus Veerpalu, an Estonian Olympic gold medal winning skier, tested 
positive for GH. However, he pleaded his innocence and challenged the laboratory finding in 
the Court of Arbitration for Sport who subsequently acquitted Veerpalu on 25 March 2013 as 
the court was not convinced that the threshold for considering an adverse analytical finding 
was sufficiently reliable to uphold the doping conviction; nevertheless, the court stated ñthat 
there are many factors in this case which tend to indicate that the Athlete did in fact himself 
administer exogenous hGHò [13007].  

 
 
History of doping with caffeine  
 
From 1962 to 1972 and again from 1984 to 2003 caffeine was on the WADA banned list, with 
a concentration >12 microg/ml in the urine considered as doping. Caffeine has been 
demonstrated to be ergogenic at doses lower than those doses that result in a urine 
concentration of 12 microg/ml, and higher doses appear to exhibit no additional performance-
enhancing effect. During the second banned period, many athletes tested positive for 
caffeine. The sanctions ranged from warnings up to 2 year suspensions (maximum penalty, 
usually only 2-6 months). Since 2004, caffeine has been removed from the prohibited list, 
however, it is still part of WADAs monitoring program (stimulants but in competition only) in 
order to monitor the possible potential of misuse in sport. According to WADA, one of the 
reasons caffeine was removed from the Prohibited List was that many experts believe it to be 
ubiquitous in beverages and food and that having a threshold might lead to athletes being 
sanctioned for social or dietary consumption of caffeine. Furthermore, caffeine is metabolized 
at very different rates in individuals and hence urinary concentrations can vary considerably 
and do not always correlate to the dose ingested. In addition, caffeine is added to a wide 
range of popular food products such as coffee, tea, energy drinks and bars, and chocolate 
[13008]. 
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History of doping with e phedrine  

 
Ephedra is a Chinese shrub which has been used in China for medicinal purposes for 
several thousand years. The pure alkaloid ephedrine was first isolated and characterised by 
Nagai in 1885. It was then forgotten until it was rediscovered by Chen and Schmidt in the 
early 1920s. Its actions on the adrenoceptors could be classified into separate alpha and 
beta effects ï a defining moment in the history of autonomic pharmacology. Ephedrine 
became a highly popular and effective treatment for asthma, particularly because, unlike 
adrenaline (until then the standard therapy), it can be given by mouth. Ephedrine as a 
treatment for asthma reached its zenith in the late 1950s, since when there has been a 
gradual and inevitable decline in its therapeutic use. From mainstream medicine, ephedrine 
moved into the twilight zone of street drugs and nutritional supplements. Ephedra and 
ephedrine products are now banned in many countries, as they are a major source for the 
production of the addictive compound methamphetamine (crystal meth) [11001]. 

 
Ephedrine is not only efficacious in the treatment of numerous ailments, but also has a long 
history of misuse. Research was needed to examine ephedrine policy over time in order to 
determine potential regulatory flaws that allowed misuse to continue. One review is based on 
primary literature derived from systematic searches of historical and scientific archives, as 
well as grey literature. Ephedrine managed to pass through numerous regulatory loopholes 
within seventy years. Despite warnings of misuse over the latter half of the century, 
ephedrine, and its herbal source, ephedra, were regulated in a piecemeal fashion and 
remained easily available to the public. Health authorities have struggled to control 
ephedrine, as an amphetamine "look-alike," as a methamphetamine precursor, as a dietary 
supplement, and as a medication. Despite being a potentially dangerous stimulant, under-
regulation was perhaps more problematic than the substance itself. Tighter control of all 
ephedrine products, drugs and dietary supplements alike, might have prevented adverse 
outcomes and allowed this substance to remain available in a safer manner. Stringent 
regulation of all ephedrine products is necessary to prevent misuse and to protect the 
public's health [11002].  
 

 
History of doping with c annabis  
 
The medical properties of cannabis have been known for many centuries. The first 
documented use of cannabinoids for medical purposes dates back to 2800 BC in the 
Chinese herbarium Pen-tsôao, a herbal pharmacopoeia describing many drugs among which 
cannabis, which was referred to as òmaò, meaning óòchaoticò. Pen-tsôao described the pain-
relieving, stupefying and hallucinogenic properties of cannabis and recommended cannabis 
for constipation, malaria, gout, rheumatism, and menstrual anomalies. Cannabis therapeutic 
use was introduced in Western medicine during the first half of the nineteenth century by the 
Irish physician William Brooke OôShaughnessy (1809ï1889), who studied forensic toxicology 
and chemistry at the University of Edinburgh in Scotland. He conducted a number of 
experiments in animals and proved that cannabis was safe even at high doses; thus, he 
extended the use of cannabis to patients suffering from rheumatism, seizures, and tetanus 
[12006]. 

 
The International Olympic Committee included cannabis in the banned substance list 
beginning in 1989 and since 2004 the World Anti-Doping Agency has prohibited its use for all 
sports competition. Cannabinoids are substances prohibited in-competition only [0009]. 
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The class of cannabinoids has been subject of much debate concerning its relevancy for 
sports drug testing, fuelled by the increase of the urinary threshold for the main cannabis 
metabolite 11-nor-delta9- tetrahydrocannabinol-carboxylic acid (THCCOOH) from 15 ng/mL 
to 150 ng/mL (being effective since 11 May 2013) while the MRPL for cannabimimetics 
remained at 1 ng/mL as well as prevalence studies demonstrating the widespread availability 
and misuse of cannabis and its synthetic analogs. Since the raise of the urinary threshold for 
THCCOOH came unexpected, studies from early 2013 concerning improved/accelerated 
quantification approaches have become obsolete, even though the principle is certainly still 
valid 130009].  

 
 
His tory of doping with alcohol  
 
Alcohol is prohibited in-competition only and it is prohibited in the following sports: 
aeronautic, archery, automobile, karate, motorcycling and powerboating. Until 2010, modern 
pentathlon was also included in this list. The limit (blood tests) eligible for a doping violation 
is 0.10 g/L [13008]. 

 
History of doping with gamma -Hydroxybutyric acid (GHB)  
Occurring naturally in many parts of our body from the brain to heart, to most muscles, 
kidneys and brown fat, gamma-hydroxybutyric acid or GHB for short was first synthesized in 
1960s by Laborit in an attempt to study the effects of GHB and GABA, producing a 
compound that would interfere with beta oxidation and cross bloodïbrain barrier. It was later 
discovered that GHB was an endogenous compound and an endogenous metabolite of 
GABA. GHB was thus discovered in search for therapeutic GABA analogs. Since its 
discovery, GHB has played many roles in the laboratory. It was used to create an absence 
seizure model. GHB was also shown to have tissue-protective effects in the setting of 
myocardial infarction, stroke, sepsis, small bowel ischemia, hypovolemic shock, ionizing 
radiation and oxygen free radicals. Despite promising beneficial effects, GHB has not found 
widespread clinical use. In the 1960, GHB was used as a general anesthetic agent but fell 
out of favor due to an association with abnormal electroencephalographic (EEG) patterns in 
animals. In the year 1980, GHB could be bought in health food stores and the use began to 
rise amongst body builders as it was believed that taking this drug could improve muscle 
mass or improve exercise performance. While GHB has been present in laboratories and 
therapeutic trials for years, it has recently become a public health issue as a drug of abuse. 
Hence in the year 1990, FDA imposed ban over the counter sale of the drug throughout the 
United States. Simultaneously from 1997 to 1999, several states and countries passed laws 
to control the sale and consumption of GHB and finally designated it as a Schedule 1 
substance in the United States in the year 2000 [13010]. 

 
 
History of biomarker approach regarding doping  
 
In the late 1990s, as a first step, ñno startò rules were introduced with the official objective to 
protect the health of the athletes when certain blood markers exceeded definite limits (e.g. 
hematocrit (Hct) above 50 percent or hemoglobin (Hb) above 17 g/dL (International Cycling 
Union, UCI) or Hb above 17.5 g/dL in men and 16.0 g/dL in women (International Ski 
Federation, FIS). In this time, the widespread use of rhEPO can be assumed on the basis of 
indirect evidence; e.g. in elite cross-country skiers extreme Hb values up to 20 g/dL were 
common between 1994 to 1996 but disappeared after the ñno startò rule was introduced in 
1997. Yet, mean Hb values continued to rise, suggesting the further use of artificial methods 
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with fewer extremes. It became obvious that the use of upper limits of definite blood values 
may result in athletes who would titrate rhEPO to approach the target Hb or Hct without 
exceeding it [13006]. 

 
Plasma volume fluctuations resulting from changes in posture, exercise, and training, altitude 
exposure, season as well as storage conditions influence concentration-based blood values 
such as Hct and Hb and thus represent a major limitation of their use with absolute limits. 
Additionally, cheating athletes may manipulate abnormally elevated Hb and Hct values by 
intravenous infusions of normal saline leading to hemodilution. On the other hand, even 
clean athletes may be declared unfit as Hb and Hct in a normal distribution may exceed the 
given limits. The panel of indirect markers was extended and more evidence was gathered 
on the effect on blood values of rhEPO administration in training athletes. It was suggested 
the use of a combination of indirect markers of altered erythropoiesis (reticulocyte Hct, serum 
EPO, soluble transferring receptor, Hct, %macrocytes) in a multivariate statistical model for 
detection of rhEPO during a possible administration phase (ON models) and after recent 
cessation of rhEPO use (OFF models). The sensitivity of these models was improved with 
larger numbers of subjects and resulted in the introduction of the so-called second-
generation blood tests of which the OFF-hr model, a score combining Hb and %retics, is part 
of the current ABP according to the WADA ABP operating guidelines. Although OFF-hr was 
originally described for the detection of rhEPO use, it is also sensitive to other forms of blood 
doping such as blood transfusion [13006]. 

 
The application of these models by sports authorities and anti-doping organizations was 
problematic despite their scientific impact. The OFF-hr model was used by certain sports 
federations as another óno startô criterion. Yet, infringements of the ñno startò rule were equal 
to failing a ñhealth testò but not considered a violation against WADAôs anti-doping code and 
therefore only yielded short mandatory interruptions of competition, e.g. 2 weeks. As even 
these improved biomarkers were only compared with a population-based reference range in 
a cross-sectional setting (e.g. universal limit of Hct above 50 %, OFF score greater than 
122), it already seemed likely in 2000 that a longitudinal, individual hematologic profile, the 
so-called hematologic passport, could be advantageous to prevent and perhaps detect blood 
doping. Various attempts were made to define the natural within-subject and between-
subject as well as analytical variability to use longitudinal measurements as an instrument 
against blood doping [13006]. 

 
 
History o f gene doping  
 
Gene therapist Ted Friedmann and multiple Olympic gold medallist Johann-Olav Koss were 
the first to describe the possibility of misusing the techniques and experiences of gene 
therapy in the athletic arena. In 2006, before the Turin Winter Olympic games, the president 
of the World Anti-Doping Agency (WADA), Dick Pound, called gene doping ñthe new threat 
that is now a reality.ò Although Pound did not expect gene doping to pose a problem in Turin, 
he indicated that it could be a problem at the Summer Games, 2 years hence in Beijing. In 
fact, the problem did not materialize in China, in 2008, nor at the London 2012 Olympics, as 
far as the then available detection measures could determine [13011]. 

 
 
History of athlete biological passport  
 
To detect cellular components of blood and those pharmacological agents that are too large 
to be excreted in urine, blood collection and analysis was begun in 2008. The Hematological 



 

 

 

 

 

138 

 

Module of the WADA Athlete Biological Passport uses the predictive model of Pottgiesser et 
al to monitor hematological marker changes within an individual. The fact that intraindividual 
variations in a number of blood (and urine) parameters are lower than interindividual 
variations has been used in the clinical chemistry laboratory since the 1970s. Blood is also 
analyzed for recombinant proteins, such as GH variants and biomarkers [12006].  

 
 
Doping in the Olympics  
 
The ancient Olympic games  
 
The first instance of an athlete doping in competition is unclear, although there are examples 
of sportsmen from the Greek era using natural substances to gain an advantage. The 
Olympic games, founded in 776 B.C. (date of the earliest recorded Olympic competition) in 
Olympia as a tribute to the gods but also to celebrate the virtues of athletic competition, 
peaceful coexistence and the magnificence of athletics, constitute Olympiaôs perennial 
contribution to the world, this symbolized by the eternally burning Olympic flame. We may 
still sing today, as did Pindar in his eighth Olympian Victory Ode, "é of no contest greater 
than Olympia, Mother of Games, gold-wreathed Olympiaé" [12002].  
 
The ancient Olympic games were (almost) men only affairs. Successful athletes were highly 
honoured,and, perhaps for this reason, skulduggery was not unknown. For example, it is red 
in Wikipedia that ñSotades at the ninety-ninth Festival was victorious in the long race and 
proclaimed a Cretan, as in fact he was. But at the next Festival he made himself an 
Ephesian, being bribed to do so by the Ephesian people. For this act he was banished by the 
Cretansò [12003].   

 
Olympic nationalism 
 
In July 1912, the Boston Medical and Surgical Journal celebrated ñAmerican Supremacy,ò 
noting that the ñoverwhelming success of the American athletes at the current Olympic 
games in Stockholm is as interesting physiologically as it is nationally gratifying. Although 
Sweden won the most medals, athletes from the United States won the gold medal count by 
the thinnest margin, 25 to 24.ò The large population of the United States ñis more mixed of all 
races, and we should therefore be able to select the best strains and breed the best 
mixtures.ò American athletes were ñbetter nourished and conditionedò than their competition, 
ñwhich again should conduce to racial physical superiority.ò To top it off, ñthe intensity of our 
national disposition leads our athletes to train much more eagerly and consistently, and with 
a keener professional intentness for winning.ò Though eugenic undertones have faded, 
physicians have maintained their interest in the Olympics. The strobe of the quadrennial 
competitions illuminates dramatic changes in medicine and sport [12004]. 

 
The first Olympic tests 
 
The first Olympic drug testing took place at the 1968 Games in Grenoble and Mexico City, 
but it was the Munich Games in 1972 that marked the introduction of a comprehensive 
testing program. Approximately 7000 athletes participated and just over 2000 samples were 
collected and analyzed for various types of stimulants. Since then the testing program has 
expanded for each (summer) Games, both in number and percentage-wise, and at the 2008 
Beijing Games where 10,500 athletes took part, 4770 samples were collected. By then, the 
number of banned substances to be analytically identified had increased significantly. The 
IOC, however, had limited possibilities to conduct an efficient anti-doping activity as they 



 

 

 

 

 

139 

 

governed only two big competitions every 4 years (since 1992, one every 2 years, winter and 
summer alternatively). Then, as it is today, the responsibility for the year-round sport 
activities rested with the international federations and the national associations, but they 
remained remarkably inactive on the doping issue for a long time. The first international sport 
organization to pick up the matter in a serious way was the International Association of 
Athletics Federations (IAAF), and during the time between the Munich Games and 1999 
when the World Anti-Doping Agency (WADA) was created, the IAAF was the leading 
international organization in the fight against doping, as will be evident from the following 
article. A series of challenges met the anti-doping campaigners when they started in the early 
1970s [12005]. 

 
Doping during the modern Olympics 
 
Athletes have always sought to outperform their competitors and regrettably some have 
resorted to misuse of drugs or doping to achieve this. Stimulants were taken by the first 
Olympic athletes to be disqualified in 1972. Although undetectable until 1975, from the 1950s 
androgenic anabolic steroids were administered for increased strength and power followed in 
the 1990s by erythropoietin for enhanced endurance. Both are highly effective doping 
agents. As analytical science validated improved techniques to identify these drugs, Olympic 
athletes, including many medallists were caught and disqualified. When the International 
Olympic Committee (IOC) prohibited beta blockers (beneficial in shooting), diuretics (assist 
weight classified athletes) and glucocorticosteroids, some athletes with genuine medical 
conditions were denied legitimate medical therapy. To overcome this, in 1992 the IOC 
introduced a system known now as Therapeutic Use Exemption (TUE). One paper discussed 
Olympic athletes who have been known to dope at past Games and some medical 
indications and pitfalls in the TUE process [12007]. 
 
The resolut fight during the Olympic games against doping in sports commenced as a result 
of the death of a Danish cyclist during the Rome Olympic Games in 1960 - directly seen by 
millions of people viewing TV. The International Olympic Committee (IOC) established a 
Medical Commission (IOC-MC) which had the task of designing a strategy to combat the 
misuse of drugs in Olympic Sport. It's today a far cry from the horror that ensued when drug 
testing was first introduced for the 1968 Winter and Summer Olympic Games and an athlete 
was busted, for of all things, drinking beer: the Swede modern pentathlete Hans-Gunnar 
Liljenwall was stripped of a bronze medal for dipping into the local cerveza at the Mexico City 
Summer Games [08012]. 
 
At the 2000 Olympics, 10 athletes were caught doping, including 6 medalists, while a record 
27 athletes were caught doping at the 2004 Olympics. In total, 84 athletes, including 28 
medal winners, have been caught doping at Summer Olympics, 37 of whom were 
weightlifters, the most notorious of sports amongst dopers. The Winter Olympics have 
generally witnessed fewer tests and fewer doping busts. Since 1968, only 13 athletes, 
including 6 medal winners, have been caught doping. Seven of them were cross-country 
skiers and 4 were hockey players. According to the International Olympic Committee there 
have been 84 infractions for doping since 1984, including such bizarre incidents as one in 
2004 in which an Irish equestrian administered an antipsychotic drug to his horse. By 
Olympic Games, the failed, missed, refused or falisified test (and medals forfeited) have 
been [08012]: 
 

1968 Mexico City    1 (1) 
1972 Munich    7 (4) 
1976 Montreal  10 (3) 
1980  Moscow    0 
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1984 Los Angeles  12 (2) 
1988 Seoul  10 (4) 
1992 Barcelona    5 (0) 
1996 Atlanta    2 (0) 
2000 Sydney  10 (6) 
2004 Athens  27 (8) 

 
The Winter Olympics have generally witnessed fewer tests and fewer doping busts. Since 
1968, only 13 athletes, including 6 medal winners, have been caught doping. Seven of them 
were cross-country skiers and 4 were icehockey players. 
 
In total, 84 athletes, including 28 medal winners, have been caught doping at Summer 
Olympics, 37 of whom were weightlifters, the most notorious of sports amongst dopers. By 
country, the number of medals forfeited as a consequence of drug testing up to 2004: 
 
 Bulgaria 7 

USA 6 (3 gold and 2 bronze from Marion Jones) 
Hungary 3 
Germany 2 
Sweden  2 
Canada, Russia, Poland, Ireland, Romania, Finland, Mongolia, Greece, Spain,  
Armenia, the Netherlands & Ukraine 1 

 
By sport 12 medals have been forfeited in weightlifting, 5 in athletics, 2 each in equestrian, 
wrestling and cycling, and 1 each in judo, modern pentathlon and rowing. 
 
The increased number of positive tests is in part a function of the increased number of tests 
administered at each game. At the 2000 Olympics, about 2000 doping tests were 
administered. That number grew to 3700 by the 2004 Olympics. The increasing number is 
largely a result of the expansion of the rules governing who gets tested. In the past, the top 4 
finalists in an event and 1 other athlete chosen randomly were subjected to tests. However, 
in Beijing, the top 5 athletes were tested in addition to 2 chosen at random in each final. As 
well, random tests will be conducted throughout earlier stages of competition. Beginning in 
2000, Olympic athletes were also subject to pre-Olympic, out-of-competition testing to detect 
substances consumed prior to competition that wouldn't later appear on a test. Blood testing 
was introduced on a limited basis at the 1994 Winter Olympics and at the 2000 Summer 
Olympics. It is the International Olympic Committee itself that administered and monitored 
athlete testing in Beijing, not the World Anti-Doping Agency. The latter focuses on policies, 
regulations and monitoring the 33 facilities worldwide that have been approved for testing 
athletes' samples [08012]. 
 
Some International Sport Federations (IF) and National Sports Federations followed suit 
when the anti-doping process started, but progress was modest until the world's best male 
sprinter (Ben Johnson, Canada) was found doped with anabolic steroids at the Olympic 
Games in Seoul in 1988. Further progress was made following the cessation of the cold war 
in 1989 and in 1999 public authorities around the world joined the Olympic Movement in a 
unique partnership by creating WADA, the World Anti-Doping Agency, which has doubtless 
been the start of a new anti-doping era [08013]. 

 
The Olympics in medical journals 
 
Even before Pierre de Coubertin revived the Olympics in 1896, lore from the ancient games 
circulated in the medical literature. An 1851 essay in the Boston Medical and Surgical 
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Journal about the power of mind over body described ñthe old Greek who died on the spot 
from excess of joy on seeing his three sons crowned with laurel at the Olympic gamesò 
(1851). Oliver Wendell Holmes invoked this same episode in his valedictory to Harvard 
medical graduates (1858). Other authors drew competing lessons from the Olympic legacy. 
One warned that excessive athletic training diverted energy from mental development, 
leaving adolescents ñlistless and stupidò: ñIt was especially remarked by the Greeks that no 
one who in boyhood won the prize at the Olympic games ever distinguished himself 
afterwardsò (1867). An 1891 review, in contrast, expressed the hope that educators would 
learn from the ancient techniques and improve athletic training in U.S. schools [12004]. 
 
When the modern games began in Athens in 1896, physicians only slowly became interested 
ï and mostly in marathons. Heat and humidity tormented marathoners in St. Louis in 1904: 
only 14 of 27 finished. The winner Thomas Hicks, who sustained himself during the race with 
strychnine sulfate, five eggs, and brandy, required the care of four physicians in the 
aftermath. Heat caused problems again in London and Stockholm. When the games 
resumed in Antwerp in 1920, athletes were subjected to physical examinations. The United 
States sent its first team physician ï one who had fenced in Stockholm ï to the Paris games 
in 1924. Medical scrutiny has continued ever since [12004]. 
  
Physicians have been interested in the Olympics for many reasons. In the 1920s, they 
probed the limits of human physiology. One group studied the Yale heavyweight rowers who 
won gold in Paris. An ingenious contraption revealed that at their racing speed ï 12 mph ï 
the eight men produced four horsepower, a 20-fold increase over resting metabolism (1925). 
A 1937 study published in the Journal showed that athletes at the 1936 Berlin games 
consumed 7300 calories each day. Sometimes the venue itself became the issue. The 
United States threatened to boycott the Berlin games until Hitler relented and allowed black 
and Jewish athletes to compete. Ignoring these tensions, the Journal, which had published a 
favorable review of Nazi health insurance in 1935, advertised the exhibits and lectures on 
ñMedical Theory and Practice in the New Germanyò that had been organized for physicians 
who visited the Olympics (1936). Boycott politics surfaced again when the Journal's editor, 
Arnold Relman, visited the Soviet Union in 1980. Relations had been strained by tensions 
over the Soviet invasion of Afghanistan and the United States' threat to boycott the Moscow 
games. Other venues created medical concerns. Roger Bannister, who eventually became a 
neurologist after being the first person to run a mile in under 4 minutes, ñthoroughly 
disapprovedò of holding the 1968 games at high altitude in Mexico City. And indeed, several 
hundred athletes collapsed at those Olympics, from migraine, shock, syncope, or emotional 
excitement. Fears of local pathogens emerged before the Olympics in Seoul (Japanese 
encephalitis) and Barcelona (multidrug-resistant strep). Each warning met with vehement 
rebuttal. Olympic events now attract millions of visitors and require careful medical and public 
health planning [12004].  
 
The safety of Olympic sports has remained an enduring concern. The French Academy of 
Medicine appointed a committee before the 1924 Paris games ñto study the effects of 
modern athletics on the human system.ò. The resulting tests ñrevealed an alarming number 
of cases of athletic heart.ò Subsequent studies from the 1920s (on athletes from the 1928 
Amsterdam games) through the 1990s (on 310 Italian Olympians) have produced conflicting 
evidence on the question of whether intense physical training can cause cardiac hypertrophy. 
Some sports received special scrutiny. On the eve of the Atlanta games in 1996, a scathing 
review likened women's gymnastics to child abuse, arguing that although ñelite gymnastics 
can provide a profoundly meaningful experience for the athletes,ò it could also ñresult in 
serious, life-endangering physical and psychological disabilities.ò Citing injuries, eating 
disorders, and social problems, the authors warned that ñtalented youngsters at every 
competitive level should be supported rather than crippled by their sport as they enter 
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adulthoodò [12004]. 
 
A different kind of medical scrutiny emerged in the 1950s. Commenting on a symposium 
about ñPheidippidian physiology,ò a 1957 editorial highlighted the recent dramatic 
improvements in performance at track and field events. What explained ñthese epidemics of 
broken recordsò? The editorial considered possible contributions from training, diet, 
antibiotics, and motivation but focused on ña speculative explanationò: ñthat amphetamine is 
being used by some athletes to help them break otherwise unassailable records.ò Such 
practices, if they were in fact occurring, were both dangerous and ñethically undesirable.ò 
Each passing decade brought new scandals about performance-enhancing drugs. After the 
U.S. Olympic Committee admitted that seven cyclists (including four medalists) had received 
blood transfusions at the Los Angeles games, a Sounding Board article in the Journal  in 
1985 condemned this practice. Not only was the practice dangerous, especially in light of the 
emerging AIDS epidemic, but also it ñrepresents an attempt to use a medical therapy to 
provide athletes with an unfair competitive advantage.ò When Ben Johnson was stripped of 
his gold medal at the Seoul Olympics, the Journal reviewed the medical risks and legal 
consequences of anabolic steroids in 1989. Erythropoietin came next. A Dutch physiologist 
wrote in the Journal that ñthe next Olympic Games have already been nicknamed the 
`Hematocrit Olympics,'ò and physicians' obligation seemed clear: ñthe medical profession has 
a responsibility to consider carefully these untoward consequences of scientific progress.ò 
[12004].  
 
Performance-enhancing drugs have cast a long shadow on the modern Olympics. Whether 
the agents are the strychnine, heroin, cocaine, and morphine that athletes used in Athens in 
1896 or the amphetamines, steroids, and erythropoietin that some use today, the dilemma 
remains the same. As a sports medicine specialist noted in 2004, the ñattraction of 
performance-enhancing drugs is simply that they permit the fulfillment of the mythical 
promise of boundless athletic performance ï the hubristic ñfaster, higher, strongerò motto of 
the Olympic Games.ò The ensuing systems of medical surveillance have led, inevitably, to ña 
new type of competition,ò in which some athletes try to stay one step ahead of the authorities 
[12004]. 

 
There are several historical journal article in the Boston Medical and Surgical Journal (1851-
1925) and in the follower New England Journal of Medicine after that [12004]: 

 
Boston Medical and Surgical Journal  

 1851. Badeley JC. On the reciprocal agencies of mind and matter. 45:195-201.  

 1858. Holmes OW. Valedictory address. 58:149-59.  

 1867. The abuse of physical exercise. 77:425.  

 1891. Hartwell EM. The principal types of physical training compared. 125:641-4.  

 1912. American supremacy at the Olympic games. 167:102.  

 1924. French Academy of Medicine names committee to study effects on the human 
system of modern athletics. 190:397.  

 1925. Stiles PG. Recent progress in physiology. 193:873-6.  

New England Journal of Medicine  

 1930. Bland EF, Sprague HB. Progress in the study of cardiovascular disease in 1929. 
203:574-91.  

 1935. Davis MM, Kroeger G. Recent changes in German health insurance under the 
Hitler government. 212:1037-42.  

 1936. Information for doctors during the Olympiad in Berlin. 215:211.  
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 1996. Tofler IR, Stryer BK, Micheli LJ, Herman LR. Physical and emotional problems of 
elite female gymnasts. 335:281-3.  

 2001. Zarins B. Review of: Endurance in sport. 344:1025-6.  

 2004. Noakes TD. Tainted glory ð doping and athletic performance. 351:847-9.  

 2006. Kellerman AL. Crisis in the emergency department. 355:1300-3.  

Canada 
 
It is now a long time since the Ben Johnson scandal at the Olympics in Seoul, Korea, drew 
attention to the issue of doping. In the scandal's aftermath, an independent organization now 
known as the Canadian Centre for Ethics in Sport was established to develop a national 
antidoping program. It has served as a model for other national antidoping organizations. 
Still, 55 Canadian athletes violated antidoping rules in the past 3 years: 27 used 
ñrecreationalò drugs such as marijuana, and 28 took performance-enhancing drugs, most 
often anabolic steroids or stimulants [08014]. 

 
 
Formation of the IOC Medical Commission  
 
In 1961 the International Olympic Committee (IOC) created a Medical Commission (IOCï
MC) at its 59th Session in Athens, Greece. The decision was triggered by the death of the 
Danish cyclist Knud Enemark Jensen during the road race for teams at the Rome Olympic 
Games the year before. He was said to have taken some stimulating drug, but was also 
reported to have suffered from heat exhaustion and dehydration. Probably a combination of 
all this caused his death, but this has never been officially confirmed. At any rate, the IOC 
could no longer ignore the use of stimulants that had obviously been in place in certain 
sports for quite some time. The creation of the IOC-MC marked the start of the modern era of 
the anti-doping campaign. The Commission was requested to propose a strategy for 
combating the use of performance-enhancing drugs in Olympic sports. It took quite a while to 
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analyze the situation and recruit the necessary competence. Not until the 1967 IOC session 
were some concrete proposals presented such as a list of forbidden drugs (stimulants) in 
Olympic sport and drug testing at the coming Games. Therefore, 1967 is often referred to as 
the start of the IOC-MC [12005].  

 
 
Formation of the World Anti -Doping Agency  
 
Probably the most serious challenge for the anti-doping fight during the 1970s and 1980s 
was the unwillingness of most countries and international federations to join the fight. There 
were several reasons, namely: the costs; the lack of competence; the negative image should 
a top athlete in their own country or sport test positive; and, the Cold War. The East 
Germans used success in sport as a political weapon and other countries had followed suit, 
although in a less sophisticated way. Officially, sports leaders were against doping, but far 
too many only paid lip service and some were even sabotaging the fight. When the Cold War 
faded following the political events in 1989 and the years that followed, the anti-doping fight 
gained increased support. In 1999 the public authorities actually joined the fight by accepting 
the invitation of the IOC to form WADA together [12005]. 
 
In 1999, the IOC recognized that an effective fight against doping required cooperation 
between sport and government. The First World Conference on Doping in Sport resulted in 
the formation of the WADA in 2000, which was charged with harmonizing the international 
antidoping efforts. WADA has developed a World Anti-Doping Program, which has been 
adopted by all Olympic sports. In order for governments to ratify an equivalent to the World 
Anti-Doping Program, it was necessary to develop the International Convention Against 
Doping in Sport through the UN Educational, Scientific, and Cultural Organization. To date, 
over 160 countries, including the United States, have approved the convention [12006].  
 
 
Formation of Court of Arbitration (CAS)  
 
During the late 1970s and early 1980s, one athlete after another who tested positive 
challenged the IAAF before national courts and the Federation spent a lot of money on court 
trials. In an attempt to take care of the problem of escalating legal costs the IAAF included in 
its constitution an ñArbitration panelò as the highest authority to settle disputes within 
athletics. This could not prevent athletes from bringing their cases before national courts, but 
the Arbitration panel served as deterrent. This happened in 1982 and a year later the IOC 
created the Court of Arbitration for Sport (CAS), which today is included in the WADA Code 
as the final appellate body on doping matters. There are examples of enormous legal costs 
following an athleteôs positive sample. The IAAF was ordered by a district court in USA to 
pay USD 27.4 million in damage compensation to the 400 m world-record holder Harry 
ñButchò Reynolds after their panel had disqualified him for steroid doping in 1990. The 
decision was overruled by the Circuit court, and the Supreme Court refused to hear the case. 
Thus, after several years of legal battle Reynolds lost the case (and money) but the IAAF 
also lost a lot of money. The winners were the lawyers on each side. In recent years, WADA 
successfully defended the testosterone analysis before CAS after it had been challenged by 
the Tour de France winner Floyd Landis following his positive test. The defense cost WADA 
about USD 2 million. The ever-increasing legal costs are a major challenge for sports 
organizations and a true threat to the anti-doping fight [12005].  

 
 
Out-of -competition testing  
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The next challenge was to convince the world of sport that doping controls at competition 
only is not sufficient. Since AAS are taken during training periods in order to promote the 
building of muscles and strength, doping controls will also have to be conducted during 
training ï so-called out-of-competition controls. Such controls had been in place in Norway 
and Sweden since the early 1980s but when the idea was brought to a broader international 
sports community it was met with great resistance. A majority saw it as an unacceptable 
intrusion into the athleteôs private life. However, the Ben Johnson scandal at the Seoul 
Games in 1988 made the skepticism fade and in 1990 the IAAF, as the first international 
federation, started testing out-of-competition after the necessary rules had been passed by 
the 1989 IAAF Congress. Today, out-of-competition testing is compulsory in the WADA 
Code, and any national anti-doping organization or international federation that does not 
conduct such testing will be declared noncompliant with the Code and possibly face serious 
consequences. The IAAF ambition to clean up its sport resulted in the identification of doped 
athletes, some very famous [12005].  

 
 
History of therapeutic use exemptions (TUE)  
 
The introduction of what today is known as therapeutic use exemption (TUE) was far from 
smooth. It started in the mid-1980s when a Swedish athlete asked the nationôs anti-doping 
organization for permission to use testosterone as replacement therapy following the removal 
of both his testes (unilateral cryptorchism as a newborn followed by cancer in his remaining 
testis as a teenager). It was granted with the remark that it was only valid within Sweden. 
Soon thereafter a similar case (bilateral testicular torsion) occurred in Australia. At the 1988 
Olympic Games two athletes were allowed by the IOC-MC to use banned substances 
(corticosteroids for inflammatory bowel disease and diuretics for nephrotic syndrome). The 
permissions were granted although no clear rules existed. Some Commission members, 
therefore, suggested that such rules be worked out. Other members were against, arguing 
that athletes should not be allowed to use prohibited substances. If they were in such need 
they should quit sport. In 1992, however, a proposal was presented to the IOC-MC with strict 
criteria for ñpermitted use of prohibited substancesò and the formation of a group that should 
evaluate applications for such use of IOC-MC. The proposal was accepted, and a 
óòMedications Advisory Committee (MAC)ò started its operation at the Barcelona Games in 
1992. Although MACôs authority was limited to the Olympic Games it became an advisory 
body for international federations and national anti-doping organizations. MAC worked under 
strict anonymity and, actually, in secret. The fear was that if MAC became generally known it 
would result in a flood of requests and abuse of the system. When the IOC Juridical 
Commission reviewed the 1999 edition of the IOC Medical Code they first refused to include 
the concept of ñpermitted useò. Only after pressure from the IOC-MC was it added as a 
briefóaddendumô When WADA was about to be formed, however, the IOC-MC requested that 
the concept of permitted use be accepted and clearly explained in the coming rules. Today 
TUE is an important part of the WADA Code [12005]. 

 
When the IOC undertook the first extensive doping controls (>2000) at the 1972 Munich 
Olympics, the only drugs that were prohibited were stimulants and narcotics. Androgenic-
anabolic steroids (AAS) were prohibited prior to the 1976 Olympics, although endogenous 
steroids such as testosterone could not be identified. During this period, there was no 
discussion about athletes needing a Therapeutic use exemptions (TUE). However, after 
diuretics, beta-blockers and systemic glucocorticosteroids (GCS) were added to the IOC's 
Prohibited List in the 1980s, significant interference occurred in the availability of essential 
medications to manage medical conditions in elite athletes. Around 1987-1988, two male 
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athletes without testes, one in Sweden and the other in Australia, sought to continue their 
testosterone replacement therapy and participate in their sport. Both were granted national 
approval. At the 1988 Calgary Games, an ice hockey player was approved to take oral GCS 
for inflammatory bowel disease (IBD) and later that year in Seoul, a rower with nephrotic 
syndrome was approved to continue her diuretic therapy and participate. Both were ad hoc 
decisions taken by all members of the IOC-MC, some of whom were not medically qualified.  
In February 1991, it was presented a paper ñPermission for athletes to use drugs contained 
in the IOC List of Banned Classesò to the IOC-MC. This detailed the following criteria that 
should be met to approve any such application by an Olympic athlete [13013]:  
 

- The athlete would experience significant impairment of health if the prohibited 
medication was withheld 

- No enhancement of performance could result from the administration of the prohibited 
substance as medically prescribed 

- The person would not be denied the prohibited substance if he/she was not a 
competing athlete 

- No available permitted or practical alternative can be substituted for the prohibited 
substance 

- Retrospective approval would not be granted 
 

Independently, and at the same IOC-MC meeting, professor Manfred Donike presented a 
paper on ñReplacement therapyò which focused on testosterone in anorchia. An interim 
Medications Advisory Committee (MAC) was appointed (D Catlin, A Ljungqvist and K Fitch, 
Convenor) and requested to develop guidelines to implement the proposal. This was 
undertaken and included [13013]: 
  

- The complete medical details including the history, clinical findings and investigation 
must be submitted 

- The necessity to administer the prohibited medication including the dosage, route and 
frequency of administration must be certified by a suitably qualified medical specialist 

- The medical necessity to administer the prohibited substance cannot be the result, 
wholly or partially, of prior use of a drug from the banned classes or banned methods 

- Additional investigations requested by the MAC will be undertaken at the athlete's or 
his/her National Olympic Committee's (NOC) expense 

- Any doctor who provides the MAC with false information will be ineligible to be 
accredited as an Olympic team doctor or official 

- Under no circumstances will permission be given to use any synthetic anabolic 
steroid 
 

However, the concept had its doubters and it would be another year before the IOC-MC 
agreed to allow the MAC to start operating prior to the Barcelona Games. However, the IOC-
MC Chairman, supported by some Commission members, would not permit any publicity for 
ñfear of abuse of the systemò. Hence, only two applications were received for Barcelona 
1992. Both were for oral GCS for well-documented IBD and were approved. Each athlete 
won a medal, although neither was in an individual event [13013].  
 

Anorchia 
 
During the early years, MAC members were conscious that they were embarking on a new 
and potentially controversial undertaking and that their decisions must be able to withstand 
the closest scrutiny. In the mid-1990s, the MAC compiled the first document that established 
some circumstances in which certain prohibited substances and methods might be approved 
to manage specific medical conditions encountered in athletes. A number of conditions and 
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circumstances for which permission would not be granted were also documented. The 
classes of prohibited drugs under consideration were diuretics, corticosteroids, beta-blockers 
and AAS (only testosterone). No exemptions were contemplated for stimulants or narcotics.  
In 1994, two world-class sailors applied to continue to administer testosterone at the 1996 
Olympic Games if selected. Both had anorchia, one a congenital condition and the other 
surgical due to bilateral malignancies. Having considered these applications, the MAC 
sought the advice of independent expert endocrinologists who were ñblindedò as to the 
identity of each athlete, his NOC and his medical advisors. Both were approved and although 
neither athlete qualified at the 1996 Olympic yachting trials, one did compete in Athens 2004 
[13013].   
 

Aplastic anemia 
 
One unusual request was for erythropoietin in a Winter Olympic athlete prior to the 1994 
Lillehammer Games because she had recently been a bone marrow donor for her brother 
with aplastic anaemia. It was the usual policy of the oncology centre concerned to withdraw 
and store a unit of blood prior to harvesting bone marrow and reinfusing this postharvest. 
(This would have been a Prohibited Method.) Owing to not wanting to interrupt her Olympic 
training programme and the urgency of her brother's need for a bone marrow donation, this 
was not undertaken and her haemoglobin fell by 2 g/dl. However, despite the compelling 
circumstances, the application was rejected [13013].  
 

Congenital adrenal hyperplasia (CAH) and hypogonadism 
 
Some early requests included an archer with 21-hydroxylase deficiency (salt losing) 
congenital adrenal hyperplasia (CAH) seeking oral GCS, which was approved. However, 
shortly after this, a shooter with 17-hydroxylase deficiency CAH who had been granted 
national approval was denied permission by her International Federation (IF) to administer 
GCS and compete internationally. Fortunately, intervention by the MAC reversed this 
decision and later, she competed successfully at the 2000 Olympic Games. Prior to Atlanta 
1996, a female soccer footballer with C1-esterase deficiency hereditary angioneurotic 
oedema was approved to use danazol daily and participated. In contrast, an aging canoeist 
who had been prescribed testosterone for alleged hypogonadism and had the backing of his 
national antidoping agency sought permission to continue this therapy at Atlanta. The MAC 
advised that this athlete did not have a valid justification and rejected the application [13013].  
 

Stimulation medication 
 
A well-publicised case that regrettably reflected that the MAC was compelled to remain 
ñclandestineò was that of an elite 22-year-old 3 m diver whose severe narcolepsy was 
diagnosed in 1996. Immediately, she sought permission from her NOC and then from FINA 
to take stimulant medication but was rejected by both bodies. She continued to compete 
nationally and internationally and won national titles but seemingly was not required to take a 
doping control until a Grand Prix event in 1999 when she admitted the use of 
dexamphetamine on the doping control form and tested positive. Despite being advised that 
her narcolepsy was so severe that she was at major risk of falling asleep on the 3 m diving 
platform and thus of potential injury, FINA's Doping Control Panel imposed a 12 month 
suspension. Intervention by the FINA Medical Commission resulted in the sanction being 
reduced to 6 months, but on appeal to CAS, this was further reduced to 2 months. Ironically, 
less than a month after her positive test, FINA modified their doping regulations to permit the 
use of a prohibited medication in special circumstances. The opinion of the MAC was not 
sought until shortly prior to her initial FINA hearing and then at the request of her NOC. The 
MAC had no hesitation in advising that she was entitled to a TUE. This may or may not have 
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influenced both the FINA Medical Commission and the CAS. Had the IOC informed the 
stakeholders of the MAC's existence, this diver would have applied and been approved to 
take her medication in 1996. Soon after this decision by the MAC, an application was 
received from a track and field athlete from the same NOC whose narcolepsy had been 
proven conclusively by sleep studies. On this occasion, the opinion of an independent expert 
in sleep medicine was sought. This request was granted by the MAC for the recently 
released but prohibited modafinil ï a wakefulness drug [13013].  
 

Danazol 
 
Between 1992 and 2003, the IOC's MAC (later TUEC) received numerous applications and 
its recommendations were believed to have been accepted on all occasions. In addition to 
functioning at the Olympic Games without publicity, the MAC provided advice to as many as 
15 IFs and 11 NOCs who sought assistance. Few applications were received that could be 
deemed to be ñopportunisticò, but one from a 33-year-old elite female weightlifter appeared to 
be. On the advice of a ñLongevity Instituteò doctor, she sought permission to administer 
transdermal testosterone following her hysterectomy and bilateral oophorectomies performed 
for endometriosis. This was in addition to her replacement permitted hormone therapy. The 
application was rejected because no woman should ever be granted approval to take any 
AAS except danazol for very strict criteria. From its early days, the MAC decided that no 
AAS, except testosterone, could be approved for any male athlete and only then with a 
conclusive diagnosis and if the necessity was confirmed by an independent expert. This 
policy remains today [13013].  
 

Glucocorticoids and diuretics 
 
In late 1998, approval for oral GCS treatment was granted to a young athlete in the sport of 
curling who had a successful renal transplant. Earlier that year, he had competed at the 1998 
Nagano Olympics with an MAC-approved TUE for furosemide to assist in managing his 
chronic renal failure. At that time, a condition of approval was that the specific gravity of urine 
collected in doping control must be 1005 or greater by refractometer. However, improved 
analytical hardware has made this requirement no longer necessary [13013]. 
  

Beta-blocker 
 
A 56-year-old elite international shooter with a history of coronary artery bypass surgery was 
denied permission to take a cardioselective beta-blocker and compete. Although his medical 
indication was not questioned, beta-blockers had been demonstrated to produce a 13 
percent improvement in shooting performance and this was deemed to contravene the 
criterion of ónot enhancing sports performanceô. Currently, the status of beta-blockers in 
shooting remains unchanged, that is, TUEs should not be approved. Prior to Salt Lake City 
2002, a bobsledder with low-serum testosterone after a unilateral radical orchiectomy for 
seminoma was denied permission to administer depotestosterone because of the presence 
of one intact testicle [13013].  

 
Recognising the concept of TUEs 
 
Many NOCs and IFs did not accept the policy of therapeutic use, first because it was not in 
the Medical Code of the Olympic Movement, and second, because of ignorance on the part 
of many sports authorities as to the concepts of therapeutic use. Thus, recognition of the 
concept of TUE continued to be difficult.  In 1998, the IOC's Juridical (Legal) Committee was 
incredulous at being advised by the author that TUEs had been approved for 6 years and 
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criticised the IOC-MC Chairman for denying the MAC and its operation any publicity. But it 
would be another 2 years before the Juridical Committee would finally permit a one sentence 
mention of the concept as an addendum to the 2000 edition of the Medical Code of the 
Olympic Movement. This permitted a small breakthrough when the Anti-Doping policy for the 
Sydney 2000 Olympics made mention of the principle. Australia is believed to be the first 
country to have a committee with legislative authority to approve TUEs from August 1999. 
During the Sydney 2000 Olympic Games, Australia's TUEC organised a meeting of NOCs, 
IFs and interested persons which recommended that templates of established and proposed 
criteria for specific TUEs be prepared. This task was undertaken by Australia's TUEC and the 
templates circulated to attendees for feedback in 2001 [13013].  
 
It was the World Anti-Doping Agency (WADA), not the IOC, that provided global recognition 
and acceptance of TUE. Strenuous attempts to sell the idea of TUE occurred at the 1999 
World Conference on Doping in Sport in Lausanne from which WADA had its origins. 
Fortunately, two members of the MAC had significant WADA roles from its start and were 
able to ensure that the principle of TUE was accepted in the World Anti-Doping Code. An 
International Standard of TUE (ISTUE) was prepared between 2001 and 2003 and became 
operative when WADA finally assumed global responsibility for doping in January 2004. 
Significantly, the TUE criteria and guidelines developed by the MAC in 1991-1992 were 
incorporated virtually unaltered in the initial ISTUE.  WADA established a TUE Expert Group 
in 2004 and members reviewed the Australian TUE templates that had been updated at least 
annually. These were offered to WADA in 2005 but the offer was rejected. During the last 6 
years, WADA has developed advice termed ñMedical Information for TUE Committeesò, 
which had a rocky start, but by involving experts in each field, it has become a valuable 
reference document for TUECs [13013].  
 

Recent Olympic Games 
 
It is difficult to compare TUEs at Olympic Games as changes to the Prohibited List have 
necessitated TUEs for different substances and methods. Insulin was prohibited prior to 
Sydney 2000 and 5/8 TUEs approved were for insulin-dependent diabetes mellitus (IDDM). 
But the number of applications increased significantly after WADA assumed global 
responsibility for doping from the IOC. At the Games in Athens 2004, 24 TUEs for athletes 
from 19 NOCs and 15 sports were approved with 9/24 (38 %) being for insulin. An appeal 
against a rejected application for systemic GCS was heard by WADA and the verdict 
confirmed that the IOC's MAC, now termed TUEC, had acted correctly. Intravenous infusions 
were prohibited prior to Torino 2006, although no athlete sought a TUE and 2/4 approved 
TUEs were for insulin for IDDM. Two applications were considered not to meet the criteria for 
approval and were discussed with each athlete's Chief Medical Officer (CMO) who accepted 
the TUEC's rationale and both were withdrawn. In Beijing, the TUEC recognised or approved 
39 TUEs, of which nine were for IDDM. These 39 athletes were from 19 NOCs and 19 
sports. For the first time, five intravenous infusions were approved. Interestingly, there were 
two Olympic athletes with well-documented Addison's disease approved for oral GCS. One 
application for stimulant medication for adult onset attention deficit hyperactive disorder was 
approved and a second withdrawn when a second opinion was sought, which was IOC's 
policy and later WADA's [213013].  
 
Between 2002 and 2008, inhaled beta2-agonists (IBA) were managed by an IOC 
Independent Asthma Panel but not considered to be a TUE. However, in 2009, when WADA 
included IBAs in the prohibited list, the requirements to approve IBA use were identical to 
those of the IOC's Asthma Panel. This decision was partially rescinded just prior to 
Vancouver 2010 but two IBAs remained prohibited, formoterol and terbutaline. These 
accounted for 94 of the large number of 107 TUEs approved or recognised by the IOC's 
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TUEC at Vancouver. Of the remaining 13, there were three approvals for insulin for IDDM, 
two for ADHD and one for an IF infusion. One IF-approved TUE for a female athlete to take 
dehydroepiandrosterone was a fundamental error since no female athlete should ever be 
approved to take any AAS except danazol. An appeal to WADA was successful, but WADA 
rules permitted the athlete 14 days to cease taking this prohibited medication, which allowed 
her to continue until after the Games. This is unsatisfactory and should be changed [13013]. 
  
A number of difficulties were encountered at the recently successful London Olympic Games. 
From 2004, the IOC's TUEC had agreed to recognise TUEs for participating Olympic athletes 
approved by both IF and NADO TUECs after being subjected to close scrutiny. For 
Vancouver, the IOC was required to use WADA's Anti-Doping Administration and 
Management System (ADAMS). This posed a number of problems which were augmented in 
London with almost four times the number of participating athletes and IFs. First, the IOC 
TUEC's access to ADAMS was restricted since members were denied the opportunity to 
open uploaded medical files to allow them to confirm that an approved TUE had been 
granted according to established criteria. Second, more than half of the participating 205 
NOCs do not upload TUEs onto ADAMS. Third, few NOCs heeded the request to provide the 
IOC's TUEC with a list of valid TUEs for their athletes. Finally, much time was spent in 
fruitlessly examining ADAMS to identify athletes believed to be accredited for London 2012 
who may have had current a TUE. Almost all TUEs identified on ADAMS for athletes 
presumed to be competing in London were either for substances that were currently not 
prohibited (mainly IBA) or short-term TUEs that were no longer necessary or valid. Clearly, 
the IOC needs WADA to provide superior access and a more efficient way of ascertaining 
valid TUEs if ADAMS is to be used at future Olympic Games [13013].  
 
Prior to the opening of the London Olympic Village, CMOs were requested to provide the 
IOC's TUEC with details of all valid TUEs for their NOC athletes who would participate at the 
Games. Only two complied totally and 21 of the 31 preapproved TUEs that were recognised 
were from these two NOCs. During the Games, two athletes tested positive for prohibited 
substances and when advised, the NOCs of both athletes confirmed that each had a valid 
TUE that had not been disclosed. Hence, one must question how many other athletes had 
TUEs and did not advise the IOC. Although at each Games between 2002 and 2010, 
between 1/1000 and 1/1500 athletes were known to have IDDM, in London, only three 
athletes were reported to have a TUE for insulin (1/3500) which begs the question: were 
there more insulin-dependent diabetic athletes about whom the IOC was never advised? In 
London, the TUEC approved another 26 TUEs, with as customary most (15) being for 
systemic GCS and there were six intravenous infusions. One application was considered 
inappropriate and the CMO was contacted and the reasons provided. The NOC agreed to 
withdraw the application, institute an alternative permitted treatment and this athlete won a 
gold medal [13013].  

 
 
Legislation  
 
In the early 1900s, endurance events lasted for days without rest. Open-water swimming, 
cycling, and long-distance running and walking athletes used stimulants such as strychnine, 
heroin, and amphetamine to alter the perception of fatigue. Only later did governments and 
sport recognize the serious health risks associated with the use of stimulants. The 
International Amateur Athletics Federation (IAAF; now the International Association of 
Athletics Federations) banned the use of stimulants in 1928. The amphetamine-related 
deaths of Danish cyclist Knud Enemark Jensen during competition at the 1960 Olympic 
Games and British cyclist Tommy Simpson during the 1967 Tour de France illustrated the 
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seriousness of the problem. In 1966, the cycling, soccer, and track and field international 
federations began testing for stimulants. The International Olympic Committee (IOC) formed 
its Medical Commission, which included a Subcommission on Biochemistry and Doping in 
Sport, in 1967 and tested for stimulants at the 1968 Olympic Games in Mexico City. France 
adopted antidoping legislation in 1963; the Council of Europe adopted the first international 
Anti-Doping Convention in 1968 [12006].  

 
Concern regarding the effects of anabolic steroids on athletes resulted in US Congressional 
hearings in 1988. Anabolic steroids were scheduled under Class III of the Controlled 
Substance Act in 1990. That same year, the Dubin Commission report, commissioned by the 
Canadian government because of concerns regarding the use of public money in sport, 
documented widespread abuse of performance-enhancing drugs and poor testing by 
Canadian sporting authorities. In 1990, two governmental agencies, the Canadian Sport Anti-
Doping Agency and the Australian Sport Drug Agency, were formed to deal with drugs in 
sports. The second Council of Europe Anti-Doping Convention was signed. A multilateral 
intergovernmental agreement, the International Anti-Doping Arrangement (IADA) was formed 
to promote more effective antidoping practices. The IADA group developed an International 
Organization for Standardization (ISO) Publicly Available Specification (ISO/PAS 188730) for 
collection of urine samples. This document eventually became the basis for WADA's 
International Standard for Testing [12006].  

 
USA 
 
The USADA was formed in 2000 by the US Olympic Committee in part to avoid the 
perception of the ñfox guarding the hen house.ò In 2001, Congress designated USADA ñthe 
official antidoping agency for Olympic, Pan American and Paralympic sport in the United 
States.ò USADA was given authority to develop a comprehensive national antidoping 
program including testing, adjudication, education, and research. USADA and WADA have 
jointly worked to advance the science (analytical chemistry, biochemistry, endocrinology, 
hematology, laboratory medicine, pharmacology, physiology, sports medicine, and 
toxicology) of detection of doping [12006]. 
 
The Bay Area Laboratory Cooperative (BALCO) scandal was one of the early examples of 
information sharing between law-enforcement and antidoping agencies. BALCO was 
providing synthetic anabolic steroids not approved by the Food and Drug Administration and 
designed to avoid detection to a number of athletes including Kelli White, Marion Jones, and 
allegedly Barry Bonds. Sharing of information between the Internal Revenue Service 
Criminal Investigations, local law enforcement, and USADA enabled effective prosecution of 
the cases in criminal and sport venues, as appropriate. Prior to 2004, detection of a 
prohibited substance or its metabolites or markers was required to be prosecuted for a 
violation of the antidoping rules. The 2004 edition of the Code recognized other means for 
proving a case of doping, including any reliable information. USADA's prosecution of the first 
ñnonanalytical positiveò case that same year resulted in suspension of the athlete [12006].  

 
 
Industrialized doping  
 
In 2003, another significant event in the understanding of the institutional nature of doping 
occurred. A syringe was anonymously sent to a WADA-accredited laboratory in Los Angeles 
that contained tetrahydrogestrinone (THG), a "designer" steroid that was not known and not 
on the current WADA prohibited list, made specifically to avoid detection by modern anti-
doping technologies. This led to a series of investigations resulting in the indictment and 
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subsequent conviction of individuals running a performance-enhancing program for 
professional athletes at the BALCO pharmacy in San Francisco [08006]. 
 
In May 2006, Spanish police arrested five people and seized a variety of banned 
performance-enhancing drugs and blood-doping supplies at a Madrid doping clinic. Here, 
professional athletes would receive medically-supervised injections of hormones and other 
performance-enhancing drug regimes. The 40-page police report included a clear paper trail 
of doping procedures on at least 50 professional cyclists. The report was given to the 
International Cycling Union, which led to the disqualification of 23 professional cyclists, 
virtually all the top contenders from the 2006 Tour de France. The final of the 2006 Tour was 
also tarnished, as the champion, Floyd Landis, was found to have a positive anti-doping test 
for steroids. Landis was stripped of the championship and discharged from his team. At this 
writing the result is being challenged by Landis and his legal and medical experts, claiming 
that the test was invalid since several errors were made in the collection, analysis and 
reporting of the results [006]. 
 
In a separate investigation in Paris in 2006, 23 individuals were sentenced to 4 years in jail 
for trafficking a cocktail of amphetamines and other performance-enhancing drugs known as 
"Belgium Pot" to professional cyclists. In October of that same year, the cricket world was 
shocked to learn that two Pakistani fast bowlers, Shoaib Akhtar and Mohammad Asif, tested 
positive for the steroid nandrolone [08006]. 
 

 
Laboratory testing  
 
Mass spectrometry has played a decisive role in doping analysis and doping control in 
human sport for almost 40 years. The standard of qualitative and quantitative determinations 
in body fluids has always attracted maximum attention from scientists. With its unique 
sensitivity and selectivity properties, mass spectrometry provides state-of-the-art technology 
in analytical chemistry. Both anti-doping organizations and the athletes concerned expect the 
utmost endeavours to prevent false-positive and false-negative results of the analytical 
evidence. The Olympic Games play an important role in international sport today and are 
milestones for technical development in doping analysis. Mass spectrometry has playad an 
important role in doping control from Munich 1972 to Beijing 2008 Olympics [08015]. 
 
One brief note gave also a general overview on the activity of the antidoping laboratories 
accredited by the World Anti-Doping Agency outlining the evolution, over the last four 
decades, of the analytical methods and techniques in the detection of prohibited substances 
and methods. Special emphasis was given to the future trends of the fight against doping in 
sports, as seen from the perspective of a laboratory scientist, in the wider context of fair play, 
health protection, and perception of the activity of the antidoping laboratories by the general 
public [08016]. 
 
There were 35 WADA accredited laboratories in 2009. Approximately 3,300 additional 
samples were analyzed in 2009 compared to 2008, with a slight increase in Adverse 
Analytical Findings and Atypical Finding, from 1.84 percent (2008) to 2.02 percent (2009). 
 

Anabolic steroids 
 
The initial test for testosterone in urine was developed by Donike and coworkers, who 
showed that administered testosterone appeared in the urine as testosterone glucuronide. 
They also showed that for a population of athletes, the ratio of testosterone to 
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epitestosterone (T/E) had a positively skewed distribution, with a modal ratio of about 1:1. 
Initially, an athlete sample having a T/E ratio > 6:1 was considered a doping violation. The 
concept of intraindividual reference ranges (as opposed to population-based reference 
ranges) was introduced into the T/E test in the early 1990s. Computer programs are now 
used to compare an athlete's current sample result to their previous sample results. Results 
that are inconsistent with previous results are investigated and could result in targeted testing 
or an antidoping rule violation. The measurement of 13C/12C ratios in testosterone and its 
metabolites has allowed the differentiation of pharmaceutical testosterone from natural 
testosterone. Donike's group also began the concept of the urinary ñsteroid profile,ò which 
used a combination of other urinary steroids to increase the sensitivity of the test. Other 
antidoping research has identified a del/del genotype of UGT2B17 as the cause of a 
subpopulation of individuals who have low (<0.5) T/E ratios in urine, the use of 11 steroids in 
urine to improve test sensitivity, new metabolites of testosterone (e.g. testosterone 
cysteinate) in the urine, and several substances that affect the metabolism and excretion of 
testosterone [12006].  
 
To measure testosterone in the urine to detect doping is not adequate because of large 
interindividual and intraindividual differences in urinary steroid concentration. However, the 
nearly constant ratio of urinary testosterone glucuronide to epitestosterone glucuronide 
became the basis of a better test. Epitestosterone is the 17alpha epimer of testosterone and 
has no known physiological function. It is not a metabolite of testosterone [08010]. An upper 
normal limit of six was calculated for the testosterone/epitestosterone ratio based upon 
population studies. In 1983 the Medical Commission of the International Olympic Committee 
(IOC) introduced this value as a criterion for testosterone abuse. Ratios above six should be 
considered suspicious, and the person concerned should be subjected to further testing. In 
2004 the approved upper limit was set at four [08011].  
 
 

The 2011 WADA list  
 
International anti-doping efforts are harmonized and regulated under the umbrella of the 
World Anti-Doping Code and the corresponding Prohibited List, issued annually by the World 
Anti-Doping Agency (WADA). The necessity for a frequent and timely update of the 
Prohibited List (as the result of a comprehensive consultation process and subsequent 
consensual agreement by expert panels regarding substances and methods of performance 
manipulation in sports) is due to the constantly growing market of emerging therapeutics and 
thus new options for cheating athletes to illicitly enhance performance. In addition, ñtailor-
madeò substances arguably designed to undermine sports drug testing procedures are 
considered and the potential of established drugs to represent a doping substance is 
revisited in light of recently generated information. The list that was published and has been 
authoritative from 1 January 2011 comprising a total of 10 different classes of banned 
substances (S0ïS9), three different groups of prohibited methods (M1ïM3), and two classes 
of drugs (P1 and P2) being banned from selected sports only. In comparison to the 2010 
edition of the Prohibited List, few but significant modifications were made. A major novelty 
has been the installation of the S0 section, which interdicts the use of any pharmacological 
substance that has not (yet) received approval by governmental health authorities (or where 
development has discontinued) as a human therapeutic agent. This addendum is particularly 
important in the light of new drug entities that are not covered by any of the established 
classes of banned substances, either by their chemical nature or their biological effects. 
Ryanodine receptor-calstabin complex stabilizers, which have been proven to enhance 
performance in the laboratory setting are currently undergoing advanced clinical trials but do 
not represent compounds of S1ïS9. These might exemplify such a new category of 
substances. The section S2 (peptide hormones, growth factors, and related substances) was 
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modified concerning the examples of erythropoiesis-stimulating agents (ESAs) by explicitly 
listing hypoxia-inducible factor (HIF) stabilizers, which also represent a considerably 
heterogeneous emerging class of substances targeted for clinical approval. In contrast to 
these additions to S2, the use of platelet-derived preparations has been legitimized and the 
paragraph removed in the 2011 Prohibited List accordingly. The category M2 (chemical and 
physical manipulation) was extended by a new paragraph (M2.3) that particularly 
emphasizes the illicit nature of the ñsequential withdrawal, manipulation and reinfusion of 
whole blood into the circulatory systemò, a strategy that includes, for example, the so-called 
UV-activated autohemotherapy (commonly regarded as alternative medicine). M3 (gene 
doping) was split into three sub-groups that define (1) the transfer of nucleic acids or 
sequences of these; (2) the use of normal or genetically altered cells; (3) the use of drugs 
manipulating gene expression with impact on athletic performance as prohibited methods 
[12016]. 

 
 
The 2012 WADA list  
 
As of 1 January, the 2012 Prohibited List International Standard has come into effect, 
exhibiting minor but relevant alterations from to the previous 2011 version. In agreement with 
its predecessor, the List comprises a total of 10 different classes of banned substances (S0ï
S9), three different groups of prohibited methods (M1ïM3), and two classes of drugs (P1 and 
P2). The latter are banned from selected sports only. The major modifications can be 
observed in the sections; S3 (beta2-agonists), S4 (hormone and metabolic modulators), and 
M3 (gene doping). In the S3 group, quantitative consideration of formoterol has been 
considered with the allowance of a maximum daily therapeutic dose of 36 microg of inhaled 
formoterol and a urinary threshold of 30 ng/mL. If the determined quantity in urine exceeds 
this level, an adverse analytical finding is reported followed by penalty, unless the athlete can 
prove (e.g. by means of a pharmacokinetic study) that the concentrations were reached by 
the admissible route and daily dosage. The category S4 has been complemented by a new 
subsection named ñmetabolic modulatorsò. These host peroxisome proliferator activated 
receptor (PPAR)delta agonists such as GW1516 and PPARdelta-AMP-activated protein 
kinase (AMPK) axis agonists, such as 5-amino-4-imidazolecarboxamide ribonucleoside 
(AICAR). These were formerly listed among gene doping (M3.3) in the previous list. 
Following a re-evaluation of the impact of the use of alcohol (P1) and beta-receptor blocking 
agents (beta-blockers, P2) on the athletes' performance in selected sport disciplines, the 
interdiction of alcohol was lifted for Ninepin and Tenpin Bowling (in agreement/on request of 
the Federation Internationale des Quilleurs) and so was the ban of beta-blockers for 
bobsleigh, skeleton, curling, modern pentathlon, motorcycling, sailing, and wrestling. In order 
to probe for potential patterns of abuse concerning selected substances that are currently not 
(or not at all times or at any concentration) prohibited, the established WADA monitoring 
programme has been expanded. Besides the stimulants bupropion, caffeine, phenylephrine, 
phenylpropanolamine, pipradrol, pseudoephedrine (< 150 microg/ml), and synephrine and 
the ratio of morphine over codeine, the prevalence of nicotine, hydrocodone, and tramadol 
was to be monitored in-competition. Moreover, the (ab)use of corticosteroids in out-of-
competition periods is acquiring concern and appears as a new item on the 2012 monitoring 
programme. Concerning nicotine and its metabolites, a comprehensive compilation of 
monitoring data was published outlining an alarmingly high prevalence of nicotine use in 
selected sports disciplines. Further to these explicitly stated drugs, alternative medicine has 
necessitated greater attention in order to protect both the spirit of sport and the athletes 
themselves from inadvertent anti-doping rule violations. In continuation of the endeavor to 
keep pace with the changing trends of doping, manipulation, and innovations and 
improvements in analytical chemistry, anti-doping laboratories are urged to enhance their 
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procedures in terms of comprehensiveness, speed, and/or sensitivity. This, in combination 
with the fact that the International Standard for Laboratories allows for the long-term storage 
and re-analysis of doping control samples, is considered one of the main aspects causing 
deterrence to cheating athletes [13012]. 
 
 
The 2013 WADA list  
 
Compared to its predecessor, the 2013 Prohibited List exhibited only few major modifications 
such as the re-categorization of insulins from S2 (peptide hormones, growth factors and 
related substances) to S4.5 (hormone and metabolic modulators) and the inclusion of M2.3 
(chemical and physical manipulation) into M1.1 (manipulation of blood and blood 
components) by respective re-wording of the paragraph. In addition, the maximum daily 
therapeutic dose of 36 microg of inhaled formoterol (S3) was increased to 54 microg, 
resulting in a permissible urinary concentration of 40 ng/mL (formerly 30 ng/mL). In 
agreement with prior protocols, an adverse analytical finding is reported (followed by penalty) 
if the determined quantity in urine, including the measurement uncertainty, exceeds the 
threshold limit. The finding will be processed as an anti-doping rule violation unless the 
athlete can prove (e.g. by means of a pharmacokinetic study) that the concentrations were 
reached by the admissible route and daily dosage. In agreement with or on request of 
international federations, the interdiction of beta-receptor blocking agents (beta-blockers, P2) 
was lifted in selected sport disciplines including ninepin and tenpin bowling, aeronautic, 
boules, bridge, and powerboating. This is a continuation of the process initiated in 2012, 
where another 7 international federations removed the ban of beta-blockers from their sport 
[13009].  

 
Category 0 
 
The category S0 of the Prohibited List does not explicitly mention any specific substance; 
here, any pharmacological compound not covered by the other classes of prohibited 
substances and methods and without ñcurrent approval by a governmental regulatory health 
authority for human therapeutic useò is considered illicit. Potential candidates for this 
category are sirtuin-1 (SIRT1) activating drugs such as SRT1720 the characterization, 
metabolism. In case of the proposed routine doping control application, the mass 
spectrometer was a QqQ instrument with ESI source operated in positive mode and MRM, 
while compound characterization was conducted on a quadrupole-time-of-flight (Q-TOF) 
system [13009]. 

 
Monitoring program 
 
In addition to the Prohibited List, WADA has established a monitoring program in order to 
probe for potential patterns of abuse concerning selected substances that are currently not 
(or not at all times or at any concentration) interdicted. The ñin-competitionò monitoring 
program, which included the stimulants bupropion, caffeine, phenylephrine, 
phenylpropanolamine, pipradrol, pseudoephedrine (< 150 microg/mL), synephrine, and 
nicotine as well as the ratio of morphine over codeine, hydrocodone, and tramadol in 2012, 
was complemented by the analgesic tapentadol in 2013. Further, as in 2012, the (mis)use of 
corticosteroids in out-of-competition periods has been investigated [13009].  
 
 

Arne Ljungqvist  
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Professor emeritus Arne Ljungqvist from Karolinska Institutet, Stockholm, who has served in 
various high positions in the IOC, International Association of Athletics Federations (IAAF), 
Swedish Sports Confederation, to mention some of them, has dedicated a great deal of his 
life to service in sports and sports medicine. Arne Ljungqvist has especially dedicated his 
career to the fight against doping and to the protection of the health of the athletes. It all 
started over 60 years ago when Arne became a Swedish senior champion in high jump in 
1951, jumping as high as 201 cm. Arne was multi-talented and won also the Swedish junior 
championships in pole vault and javelin. He was one of the favourites for the Gold medal in 
the high jump competition in the Olympic Games in Helsinki 1952, but unfortunately could not 
compete because of an injury that he sustained during a medical student carnival in the 
autumn of 1951 when a group of us were jumping for the general public in the streets with 
numerous hard landings on asphalt. Arne had to end his jumping career as his injury could 
not be cured, and it was not until the 1960s that the diagnosis of patellar tendinopathy could 
be made.  Arne, however, continued his medical studies and soon became very successful. 
Arne was appointed professor at the Karolinska Institutet in 1972 because of his excellent 
medical research in the fields of renal and cardiovascular diseases and, later, oncology. He 
held several high professional positions such as Vice Dean of Medical Faculty, Karolinska 
Institutet, 1972ï1977; Pro-Rector, Karolinska Institutet, 1977ï1983; Chairperson, 
Department of Pathology and Cytology, Karolinska Hospital, 1983ï1992; President, Swedish 
Council of Sports Research, 1980ï1992; Dean Swedish School of Sport and Physical 
Education, 1992ï1996; and President of the Swedish Cancer Society, 1992ï2001. 
Interestingly enough, he took time to serve Chamberlain to His Majesty the King of Sweden, 
1977-1986 and has since then been Lord in Waiting to His Majesty the King of Sweden.  In 
1971, Arne returned to sport as he was elected to the Board of the Swedish Athletics 
Association, where in 1973 he became chairperson. In this time period, athletes used all 
kinds of medicines to enhance their bodies to achieve success. An anonymous survey 
among Swedenôs best athletes indicated that nearly half of them were using anabolic 
steroids, which indeed was legal until 1975, when reliable tests had finally been developed to 
identify users. Arne realised that something had to be done to create a healthy and ethical 
environment in sports. In 1975, he became a member of the Swedish Sports Confederation 
and was part of the initiation of the Swedish Commission against doping in 1977 with its own 
doping rules by 1979. During 1989ï2001, Arne became the President of the Swedish Sports 
Confederation and in 1989 a member of the Swedish Olympic Committee.  Arne has had an 
outstanding international career, which started when, in 1976 he was elected to become a 
Council Member in IAAF and elected Vice President in IAAF in 1981. He served in this 
position until 1999 and became thereafter the Senior Vice President of IAAF until 2007 and 
Chairperson of the Medical Committee and Anti-Doping Commission. Since 1987 he has 
been a Member of the IOC Medical Commission and in 2003 he was appointed Chairperson 
of the Medical Commission of IOC. In 1994, Arne was elected Member of the IOC. When 
WADA was founded in 1999, Arne became the Member of WADAôs Foundation Board and 
Chairperson of WADAôs Health, Medical and Research Committee. Since 2003, Arne has 
been a Member of WADAôs Executive Committee and since 2008 has been WADAôs Vice 
President.  Arne has been the front-line fighter against doping and his name is today one of 
the world's most respected within international sports. Arneôs contributions in the fight against 
doping are second to none. He has been an athlete himself, which makes him understand 
the special language that is present in the athletic situation and also in the locker rooms. In 
his autobiography ñDoping's Nemesisò, Arne gives an unrivalled insiderôs view of the biggest 
dope scandals over the years, including the Ben Johnson and Balco affairs and the history of 
the Greek sprinters at the Athens Olympics in 2004. Arneôs actions together with the Italian 
police during the Torino Olympics 2006 against the Austrian team are classic.  Doping seems 
to be steadily on the decline, and there is no doubt that Arne has played a key role in this 
successful work. Arneôs legacy in the fight against doping is lasting [13014].  
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ORGANISATION OF ANTI -DOPING 
 
The fight against the use of performance-enhancing drugs in sports has been in effect for 
nearly 90 years. The formation of the World Anti-Doping Agency in 1999 was a major event 
because an independent agency was entrusted with harmonization of the antidoping 
program. In addition to sports governing bodies, governments have endorsed WADA and its 
programs by signing a United Nations Education, Science, and Cultural Organization 
Convention on Doping. The first step in the harmonization process was the development of 
the World Anti-Doping Program. This program consisted of five documents ï the Code, the 
International Standard for Testing, the International Standard for Laboratories, the Prohibited 
List, and the International Standard for Therapeutic Use Exemptions ï which unified the 
approach of the international federations and national antidoping agencies in applying 
antidoping rules. For laboratory testing, the International Standard for Laboratories 
establishes the performance expectations for and competence of laboratories recognized by 
WADA, including accreditation under ISO/IEC 17025. The antidoping rules are adjudicated 
by arbitration using the internationally recognized Court of Arbitration for Sport [10006]. 

 
 
An international background  to the anti -doping movement  
 
Besides blatant over-commercialization, there is no more ominous threat to sports than 
doping. Drug-use methods are steadily becoming more sophisticated and ever harder to 
detect, increasingly demanding the use of complex analytical procedures of biotechnology 
and molecular medicine. It should also be mentioned in passing that doping is not limited to 
human sport competitions but is also practiced in animal sports, e.g. equestrian sports. 
Underlying this distressing phenomenon is regrettably a worldwide pervasive attitude that 
represents the exact contrary of the original and declared aims of the event as promulgated 
by de Coubertin in 1903, namely, the aspiration óónot to have conquered but to have fought 
wellôô.  It is important to note that there is frequently differentiation between the official 
methods employed for anti-doping detection in WADA/IOC laboratories and strategies 
applied experimentally in various other laboratories. However, laboratories that are not 
accredited by WADA may apply methods and develop strategies, such as WADA 
laboratories, in support of the Athlete Biological Passport Program, where all data produced 
by laboratories can be collated. Over the past few decades, doping has become ever more 
complex and widespread, increasingly involving exploitation of the fields of endocrine-
pharmacology and molecular biology. It thus currently represents not only an individual 
health hazard but also a menace to society itself, undermining the principles and significance 
of all the great sports events, and in particular the Olympic games. Faced with this problem, 
the scientific world is today striving to confront the challenge, in particular in regard to the 
recent development of hormones abuse, ever more complex methods and new technology 
being deployed for the task. It is evident that anti-doping policy should proceed to 
implementation of newly developed analytical methodology and advanced instrumentation as 
part of a strategy to clearly distinguish between the use of legitimate medication and the use 
of illicit substances. Furthermore, a multidimensional strategy to counter the scourge needs 
to be developed combining strict óóprohibitionistôô measures with preventive-educational 
programs. Meanwhile, the effort needs also to entail an individualized approach, 
incorporating counselling on a personal basis, which takes strongly into account the social 
and psychological background of each athlete. Meanwhile, with regard to athletics, there 
must be full support of the effort exerted by the WADA to detect banned substances and 
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compounds so as to eradicate doping, accompanied by legislative changes and longer 
disqualifications. By continuing to upgrade collaboration with national Anti-Doping Agencies, 
WADA will be enabled to considerably improve efficacy, thereby gaining ever better control 
of doping, consequently reducing fraud while, vitally, lessening the health risks incurred by 
athletes. The prevention of harm to the athlete and the guarantee of fair play should be the 
target [12011]. 
 
The international sports community has recognized for many years the dangers of all forms 
of doping, but it has been only in the recent past that serious and increasingly effective 
regulatory mechanisms have been put into place for the detection and control of drug-based 
doping in sports. It has been clear that, given the opportunity, athletes and their trainers and 
handlers will resort to many illicit techniques and substances to provide a competitive 
advantage in sports. One should only remember the pervasive and officially sanctioned and 
operated doping programs established in East Germany between 1970s and 1980s; how 
effective these were in the short term, and how harmful these were to the athletes in the long 
term. It seems very likely that the world of sports will continue to seek out new drugs and 
stealthy drug delivery methods and even gene-based enhancement to ensure victory in 
competition. Athletics represents one of the provinces of human activity, most susceptible to 
the application of existing and future advances in the field of human gene therapy, for the 
enhancement of nondisease human traits. Modern athletics is as much an entertainment as it 
is a sport and is sodden with huge amounts of money to assure the victories and records that 
the public demands. Athletic events are also some of the most powerful instruments for 
international politics. The prestige, nationalism, and jingoism compel our political institutions 
to demand victory. Finally, athletes are by nature risk-takers who are driven to compete, 
excel, and win, even at the cost of injury and other harm to themselves. But even worse, 
athletes are highly vulnerable to potentially harmful manipulation by dishonest and venal 
rogue trainers, sports technicians, and sports associations and federations who disregard the 
ideals of sports and the welfare of the athletes in the interests of victory at all cost. The fact 
that a sport is already filled with many pervasive drug-based forms of doping should convince 
even the most skeptical that all current and future advances in pharmacology, sports 
physiology, and sports medicine, whether based on ever more sophisticated drugs, gene 
transfer technology, or other still unrecognized technologies, will be applied to the world of 
sports and will almost certainly occur before the underlying technology is known to be 
effective and truly safe [06006]. 

 
Taking as an example the Tour de France, it can be posited that in the last century, in 
virtually each year the winner and/or runner-ups were either known to have used doping or 
strongly suspected of having done so. Aspiring to organize a Tour without doping can 
therefore be seen as trying to invent a Tour that has never existed before. The difference 
between earlier and more recent Tours, admittedly important, is the kind of performance 
enhancing technology that has been made available by the biomedical revolution over the 
last decades. If in the early days of sports the arsenal of performance enhancing compounds 
was quite limited, todayôs advances of biomedical science have indeed opened up Pandoraôs 
box with unlimited possibilities but also increased health risks. Since a doping culture has 
always been part of cycling it is quite understandable that these new possibilities from bio-
medical research were, and still are being exploited for performance enhancement practices 
by cyclists and their entourage. WADAôs claim that a culture of doping-free sport will develop 
and help attain the eradication of doping in sports remains to be proven; for competitive road-
cycling, recent publications suggest that although doping practices certainly have changed, a 
culture of doping in professional cycling still prevails. A provocative editorial in the journal 
Nature in 2007 proposed that perhaps the Tour de France should be the first competition to 
accept pharmacological performance enhancement [12012]. 
 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3398855/#B23
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World Anti -Doping Agency (WADA)  
 
To improve the fight against this new potential kind of abuse, the International Olympic 
Committee (IOC) and national sports federations collaborated in 1998 to establish the World 
Anti-Doping Agency (WADA), an agency jointly funded by the IOC and cooperating nations 
and committed to develop programs for detection and control of athletic doping. It carries out 
its tasks by compiling and constantly updating a list of substances and methods that are 
inconsistent with the ideals of sports and that should be banned from athletic competition. It 
is also responsible for developing and validating new, scientifically sound detection assays 
and implementing effective international programs for incompetition and out-of-competition 
screening of athletes. The WADA has implemented its program on drug control in sports by 
issuing and continually updating the world Anti- Doping Code, including a list of banned 
substances and methods, the latest of which is presented as an appendix to this volume 
[06006].  

 
One article provided a review of the leading role of the World Anti-Doping Agency (WADA) in 
the context of the global fight against doping in sport and the harmonization of anti-doping 
rules worldwide through the implementation of the World Anti-Doping Program. Particular 
emphasis is given to the WADA-laboratory accreditation program, which is coordinated by 
the Science Department of WADA in conjunction with the Laboratory Expert Group, and the 
cooperation with the international accreditation community through International Laboratory 
Accreditation Cooperation and other organizations, all of which contribute to constant 
improvement of laboratory performance in the global fight against doping in sport. A 
perspective is provided of the means to refine the existing anti-doping rules and programs to 
ensure continuous improvement in order to face growing sophisticated challenges. A 
viewpoint on WADA's desire to embrace cooperation with other international organizations 
whose knowledge can contribute to the fight against doping in sport is acknowledged 
[12010]. 

 
Background 
 
Athletes have a long history of using substances in an attempt to gain an advantage in 
sporting competitions. The ancient Greeks and Romans used herbs, fungi, poppy seeds and 
stimulants such as strychnine in order to boost performance. In the modern era, this practice 
continued mostly with the use of stimulants and narcotics. Sports federations took notice and 
in 1928 the International Association of Athletics Federations (IAAF) became the first 
federation to prohibit the use of performance-enhancing drugs (PEDs), although there would 
be no testing in sport for another 40 years. Amphetamine use was involved in the deaths of 
cyclists Knud Jensen and Tommy Simpson in the 1960 Olympic Games and the 1967 Tour 
de France respectively: this spurred the development of the International Olympic 
Commissions (IOC) Medical Commission, which published the first IOC Prohibited List in 
1967. This became the de facto Prohibited List for Olympic Sport Federations. The ñFestina 
affairò (1998 Tour de France), where a team trainer's car was found to contain a panoply of 
PEDs, was the catalyst to create a new organisation to harmonise, coordinate and promote 
the fight against doping in sport in all its forms. The IOC convened the first World Conference 
in Doping in Sport in 1999, which resulted in the formation of the World Anti-Doping Agency 
(WADA) [13015]. 

 
Pre-WADA history 
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In the modern era, doping practice continued mostly with the use of stimulants and narcotics. 
Sports federations took notice and in 1928 the International Association of Athletics 
Federations (IAAF) became the first federation to prohibit the use of performance-enhancing 
drugs (PEDs), although there would be no testing in sport for another 40 years. 
Amphetamine use was involved in the deaths of cyclists Knud Jensen and Tommy Simpson 
in the 1960 Olympic Games and the 1967 Tour de France respectively: this spurred the 
development of the International Olympic Commissions (IOC) Medical Commission, which 
published the first IOC Prohibited List in 1967. This became the de facto Prohibited List for 
Olympic Sport Federations. The ñFestina affairò (1998 Tour de France), where a team 
trainerôs car was found to contain a panoply of PEDs, was the catalyst to create a new 
organisation to harmonise, coordinate and promote the fight against doping in sport in all its 
forms.3 The IOC convened the first World Conference in Doping in Sport in 1999, which 
resulted in the formation of the World Anti-Doping Agency (WADA) [13015]. 

 

The code 
 
WADA is a unique, independent body representing equally sport and the governments of the 
world. The World Anti-Doping Code is the core document on which anti-doping programmes 
are modelled. The first version of the Code came into effect in January 2004. There are 
presently over 600 signatories, including almost all the world's sport federations. The Code 
applies to Athletes, as defined by their national anti-doping organisations (NADOs) or 
international federations. Who is considered an athlete for anti-doping purposes may vary 
widely and a NADO may still test recreational athletes but not apply all elements of the Code, 
for example, the requirement for whereabouts or advanced therapeutic use exemptions. 
Athletes may be subjected to sanctions based on possession or trafficking of prohibited 
substances and not simply due to a positive doping test. However, it is important to be aware 
that criminal legislation exists in certain countries (e.g. for narcotics) which may be in addition 
to, or completely separate from, anti-doping sanctions [13015]. 
 

The prohibited list 
 
WADA also took over the role of publishing the Prohibited List (List), revised annually since 
2004. The List has expanded considerably from the original IOC Prohibited List of the 1960s 
and contains numerous classes of substances as well as prohibited methods such as blood 
manipulation. A substance (or method) is considered for inclusion if it meets any two of the 
following criteria:  
 

- potential for performance enhancement 
- detrimental to the athlete's health  
- contrary to the spirit of sport 

 
The deliberations on whether to include substances in the List are a highly interactive and 
consultative process which includes stakeholders and experts. It is impractical to list all 
known and possible compounds; thus, most of the prohibited classes contain an important 
clause stating: ñéand other substances with similar chemical structure or similar biological 
effect(s)ò [13015]. 
 
Some substances have permitted routes of administration, (e.g. glucocorticosteroids are 
allowed by inhalation or topically). A few substances are permitted but only to a certain 
threshold level (e.g. pseudoephedrine). The List is divided into substances prohibited in 
competition only (eg, stimulants), and those prohibited at all times (eg, anabolic steroids and 
erythropoietin). It is irrelevant whether the prohibited substance is synthetic or from botanical 
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sources or whether it is considered a pharmaceutical product or a dietary supplement. ñStrict 
Liabilityò means that every athlete is responsible for the substances found in their bodily 
specimen during a doping control sample analysis. The first line of defence for many 
cheating athletes has been to claim that the positive test resulted from a tainted dietary 
supplement. Many of these same athletes later confessed to deliberate ingestion of a 
prohibited substance. The athlete's responsibility to explain how a prohibited substance 
entered his/her body (Strict Liability) has existed for many years, being initially implemented 
by the IOC. It has withstood the scrutiny of the Court of Arbitration in Sport and civil courts, 
and is a balance between protecting all athletes by ensuring fair, clean sport and the rights of 
individual athletes [13010]. 

 
Codes since 2004 
WADA is a unique, independent body representing equally sport and the governments of the 
world. The World Anti-Doping Code is the core document on which anti-doping programmes 
are modelled. The first version of the Code came into effect in January 2004. There are 
presently over 600 signatories, including almost all the worldôs sport federations. The Code 
applies to Athletes, as defined by their national anti-doping organisations (NADOs) or 
international federations. Who is considered an athlete for anti-doping purposes may vary 
widely and a NADO may still test recreational athletes but not apply all elements of the Code, 
for example, the requirement for whereabouts or advanced therapeutic use exemptions 
[13015].  
 
Not only doping testing 
Athletes may be subjected to sanctions based on possession or trafficking of prohibited 
substances and not simply due to a positive doping test. However, it is important to be aware 
that criminal legislation exists in certain countries (e.g. for narcotics) which may be in addition 
to, or completely separate from, anti-doping sanctions. WADA also took over the role of 
publishing the Prohibited List, revised annually since 2004. The List has expanded 
considerably from the original IOC Prohibited List of the 1960s and contains numerous 
classes of substances as well as prohibited methods such as blood manipulation. A 
substance (or method) is considered for inclusion if it meets any two of the following criteria:  
 

- potential for performance enhancement 
- detrimental to the athleteôs health  
- contrary to the spirit of sport 

 
The deliberations on whether to include substances in the iist are a highly interactive and 
consultative process which includes stakeholders and experts. It is impractical to list all 
known and possible compounds; thus, most of the prohibited classes contain an important 
clause stating: ñéand other substances with similar chemical structure or similar biological 
effect(s).ò Some substances have permitted routes of administration, (e.g. glucocortico-
steroids are allowed by inhalation or topically). A few substances are permitted but only to a 
certain threshold level (e.g. pseudoephedrine). The list is divided into substances prohibited 
in competition only (e.g. stimulants), and those prohibited at all times (e.g. anabolic steroids 
and erythropoietin) [13015]. 

 
Sanctions of violations 
 
For an athlete confronted with an anti-doping rule violation, section 10.5 of the Code allows 
for no sanction, or reduced sanctions, if the athlete can demonstrate no fault or no significant 
fault. As far as supplements are concerned, simply stating the unknowing ingestion of a 
tainted dietary supplement is not sufficient ï an athlete would have to demonstrate clearly 
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that every reasonable precaution was taken to avoid ingestion of a prohibited substance 
[13015]. 

 
 
Indir ect evidentc of doping effects: world records  
 
Progression of world records in athletics is a reliable mean to assess the potentiality of the 
human body, which also reflects how society has evolved over time and will continue to 
evolve. It was conducted a quantitative analysis of world records in measurable Olympic 
events from nine representative disciplines (100, 400, 1500, 10,000 m, marathon, long jump, 
high jump, shot put and javelin throw) in order to identify progression and trends for the years 
1900-2007 from the database of the International Olympic Committee. Overall, the relative 
improvement of athletic performance was higher in women than in men, being nearly 
doubled across the different specialities. The biggest increases were observed for javelin 
throw and shot put, in both men and women, respectively. Conversely, the improvement in 
race time was directly related to the race distance. It was also observed a consistent 
significant linear model of world record progression in time, although the improvement has 
substantially stopped or reached a plateau in several specialities. The observed trend might 
be explained by a variety of factors, including social and environmental changes, natural 
selection, advances in training and sport physiology, ergogenic aids and, possibly, doping 
[08017]. 
 
The performance-enhancing effects of doping and the introduction of intensive doping 
surveillance are especially reflected in the decline in performance in several women's track 
and field events [08018]. 

 
The introduction of doping substances and methods in sports triggers noticeable effects on 
physical performance in metric sports. It was used time series analysis to investigate the 
recent development in male and female elite sprinting performance. Time series displaying 
the average of the world's top 20 athletes were analyzed employing polynomial spline 
functions and moving averages. Outstanding changes in performance over time were 
statistically analyzed by Welch's t-test and by Cohen's measurements of effect. For validation 
we exemplarily show that our analysis is capable of indicating the effect of the introduction of 
in- and out-of-competition doping testing on women's shot put as well as the effects of the 
market introduction of erythropoietin (EPO) and the introduction of EPO and continuous 
erythropoiesis receptor activator (CERA) testing on 5000 m top 20 male performances. Time 
series analysis for 100 m men reveals a highly significant drop by more than 0.1 s from 2006 
to 2011 with a large effect size of 0.952. This is roughly half of the effect size that can be 
found for the development of the 5000 m performance during the introduction of EPO 
between 1991 and 1996. While the men's 200 m sprinting performance shows a similar 
development, the women's 100 m and 200 m sprinting performances only show some minor 
abnormalities. It was discussed why the striking sex-specific improvement in sprinting 
performance is indicative for a novel, very effective doping procedure with insulin-like growth 
factor-1 (IGF-1) being the primary candidate explaining the observed effects [12013]. 

 
Doping is a very serious issue bedevilling the sporting arena. It has consequences for 
athletes' careers, perception of sports in the society and funding of sports events and 
sporting organisations. There is a widespread perception that doping unfairly improves 
results of athletes. A statistical study of information on best lifetime results of top 100 m 
sprinters (males better than 9.98 s, females 11.00 s), over the period of 1980-2011 was 
conducted. Athletes were divided into categories of ñdopedò (n=17 males and 14 females), 
based on self admission, the confirmed detection of known doping agents in their bodies or 
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doping conviction, and ñnon-dopedò (n=46 males and 55 females). No significant differences 
(unpaired t-test) between dopers and non-dopers were found in their average results: 
maleò'dopersò 9.89 s identical with ñnon-dopersò 9.89 s, females 10.84 s and 10.88 s 
respectively. Slopes of regressions of best results on dates for both ñdopersò and ñnon 
dopersò were not significantly different from zero. This indicates that no general improvement 
as a group in 100 m sprint results over a quarter of a century occurred irrespective of doping 
being or not being used. It was concluded that since there are no statistical differences 
between athletes found "doping" and the others, one of the following must be true: (1) 
"doping" as used by athletes so detected does not improve results, or (2) "doping" is 
widespread and only sometimes detected. Since there was no improvement in overall results 
during the last quarter of the century, the first conclusion is more likely. Objectively, various 
"doping" agents have obvious physiological or anatomical effects. These may not translate 
into better results due to the clandestine use of doping that prevents its scientific structuring. 
Perception of the effectiveness of doping should be reconsidered. Policy changes may be 
required to ensure the continued fairness and equity in testing, legislation and sports in 
general [12014]. 
 
 

Anti -doping rules  

 
The ramifications of doping are not limited to topclass athletes who may feel compelled to 
risk their health for fame and money, but also extend to amateur athletes eager to exhibit 
superiority in the athletic field. Owing to difficulties in actually proving the intent to cheat, the 
World Anti-Doping Agency (WADA) enforces a principle of strict liability for positive test 
results for banned substances. Antidoping laws encompass a broad, continuously updated 
panel of laboratory tests for the most recent list of banned substances, which includes 
traditional as well as promising new drugs and techniques that may find actual applications in 
doping athletes [06005].  

 
The rules 
 
FIFA introduced an antiȤdoping programme in 1966 at the World Championship, being one of 
the first international sports federations to do so.The fundamental aims stipulated in the FIFA 

doping control regulations in 2006 are quite similar to the purpose of the World AntiȤDoping 
Code programme. According to the definition of doping in the World AntiȤDoping Code, 
doping is defined as the occurrence of one or more of the following violations [06002]: 
 

- the presence of a Prohibited Substance or its Metabolites or Markers in an Athlete's 
bodily Specimen (strict liability rule). 

- possession by an athlete at any time or place of a Substance that is prohibited in 

outȤofȤcompetition testing or a Prohibited Method, unless the athlete establishes that 
possession is pursuant to a therapeutic use exemption granted in accordance with 
the FIFA Doping Control Regulations regarding the therapeutical use of forbidden 
substances or other acceptable justification. 

- possession of a Substance that is prohibited in outȤofȤcompetition testing or 
Prohibited Method by athlete Support personnel in connection with an athlete, 
competition or training, unless the athlete support personnel establishes that the 
possession is pursuant to a therapeutic use exemption as described previously 

- trafficking in any Prohibited Substance or Prohibited Method is still a violation of the 

antiȤdoping regulations and in most of the law systems an illegal act against the 
medical preparations law 
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- administration or the attempted administration of a Prohibited Method to any athlete, 
or assisting, encouraging, aiding, abetting or covering up as well as any other type of 
complicity involving an antiȤdoping rule violation or any attempted violation 

 
As set forth in the preamble of the World AntiȤDoping Code, the purposes of the World 

AntiȤDoping Program are: 
 

- to protect the athletes' fundamental right to participate in dopingȤfree sport and thus 
promote health, fairness, and equality for Athletes worldwide 

- to ensure harmonized, coordinated, and effective antiȤdoping programs at the 
international and national level with regard to detection, deterrence, and prevention of 
doping 
 

Prohibited substances in the context of these regulations are regularly published in the 
WADA list of prohibited substances (www.wadaȤama.org) [06002]. 

 
Strict liability rule 
 
The reason for the strict liability rule has been comprehensively stated by the Court of 
Arbitration for Sport, Lausanne in some cases. ñIt is true that a strict liability test is likely in 
some sense to be unfair in an individual case, where the athlete may have taken medication 
as the result of mislabelling or faulty advice for which he or she is not responsible ï 
particularly in the circumstances of sudden illness in a foreign country. But it is also in some 
sense unfair for an athlete to get food poisoned on the eve of an important competition be 
altered to undo unfairness. Just as the competition will not be postponed to await the 
athlete's recovery, so the prohibition of banned substances will not be lifted in recognition of 
its accidental absorption. The vicissitudes of competition, like those of life generally, may 
create many types of unfairness, whether by accident or the negligence of unaccountable 
persons, which the law cannot repair. Furthermore, it appears to be a laudable policy 
objective not to repair an accidental unfairness to an individual by creating an intentional 
unfairness to the whole body of other competitors. This is what would happen if banned 

performanceȤenhancing substances were tolerated when absorbed inadvertently. Moreover, 
it is likely that even intentional abuse would in many cases escape sanction for lack of proof 
of guilty intent. And it is certain that a requirement if intent would invite costly litigation that 
may well cripple federations ï particularly those run on modest budgets in their fight against 
dopingò [06002]. 
 
It is irrelevant whether the prohibited substance is synthetic or from botanical sources or 
whether it is considered a pharmaceutical product or a dietary supplement. Strict Liability 
means that every athlete is responsible for the substances found in their bodily specimen 
during a doping control sample analysis. The first line of defence for many cheating athletes 
has been to claim that the positive test resulted from a tainted dietary supplement. Many of 
these same athletes later confessed to deliberate ingestion of a prohibited substance. The 
athleteôs responsibility to explain how a prohibited substance entered his/her body (ñStrict 
Liabilityò) has existed for many years, being initially implemented by the IOC. It has withstood 
the scrutiny of the Court of Arbitration in Sport and civil courts, and is a balance between 
protecting all athletes by ensuring fair, clean sport and the rights of individual athletes 
[13015]. 
 
For an athlete confronted with an anti-doping rule violation, section 10.5 of the Code allows 
for no sanction, or reduced sanctions, if the athlete can demonstrate no fault or no significant 
fault. As far as supplements are concerned, simply stating the unknowing ingestion of a 
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tainted dietary supplement is not sufficient ï an athlete would have to demonstrate clearly 
that every reasonable precaution was taken to avoid ingestion of a prohibited substance. An 
athlete taking a spiked supplement with intent to dope may claim that he/she did not realise 
the product contained a prohibited substance. It is difficult to know the intent: nevertheless, 
the athlete will benefit from the ergogenic effect of the prohibited substance and have an 
unfair advantage over their competitor. There are many cautionary tales of athletes taking 
energy boosting supplements before or during the games and subsequently being 
sanctioned. Many dietary supplements that promise to enhance performance either contain a 
prohibited substance or are an example of false advertising [13015]. 
 
The reality is that a significant percentage (5-20 %) of supplements contains prohibited 
substances, either by inadvertent contamination or deliberate adulteration, during the 
production process. This phenomenon has been demonstrated repeatedly, and sporting 
federations as well as anti-doping organisations continue to impress this warning upon 
athletes. For example, several athletes have been recently sanctioned over the stimulant 
methylhexaneamine (MHA), explicitly prohibited since 2009. This was considered to be a 
dietary supplement from geranium oil, despite the fact that several studies demonstrated that 
its presence in supplements was not from geranium oil but due to the addition of synthetic 
MHA. Whether natural or synthetic, athletes need to avoid these types of products [13015]. 

 
The whereabouts rule 
 

Apart from such special cases, effective doping controls are bonded to outȤofȤcompetition 
tests. Without accurate athlete location information such controls may be inefficient and 
sometimes impossible. This so called ñwhereabouts ruleò requires athletes and/or teams that 

have been identified for outȤofȤcompetition control to be responsible for providing and 
updating information on their whereabouts so that they can be located for No Advance Notice 

outȤofȤcompetition control. The applicable requirements are set by the responsible sport 
federation or national antiȤdoping organisation to allow some flexibility based upon varying 
circumstances encountered in different sports and countries. A violation of this rule may be 
based on either intentional or negligent conduct by the athlete, but it is known that the 
whereabouts rule may not be realistic in international team sports, in which players are 
normally playing for a club far from their home nation [06002]. 
 

Separation of power 
 
An important legal principle is the separation of power between the antiȤdoping executive 
authorities and the disciplinary committee responsible for the administration of antiȤdoping 
sanctions. This is to minimise any accusations of bias or conflict of interest in the application 
of the Code. This principle is applied in a practical sense by having the Doping Control 

SubȤCommittee (representing medical, pharmacological, and medicolegal expertise) dealing 
with the medical and biochemical aspects of the alleged doping event and, once this issue 
has been determined, a separate Disciplinary Committee which awards the appropriate 
sanction in view of the individual circumstances of the athlete concerned [06002]. 
 

Non-approved substances 
 
Since 2011, this category (S0) of banned substances has been a part of WADAôs prohibited 
list and encompasses a virtually infinite number of compounds currently not covered by any 
of the other sections (e.g. anabolic agents, peptide hormones, growth factors and related 
substances). New representatives of this class of compounds are low molecular weight 
luteinizing hormone (LMWLH) receptor agonists. Focusing on two series of drug candidates 
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based on either pyrazole or thienopyrimidine core structures, two model substances were 
synthesized and used to establish a targeted/non-targeted screening method employing both 
diagnostic precursor-product ion pair detection and precursor ion scanning. In the absence of 
metabolism study data, the presence of the intact drug or at least a conserved nucleus must 
be present to allow the detection using the proposed strategy [12017]. 
 
This newly established category of banned substances encompasses a virtually infinite 
number of compounds with corresponding physicochemical and pharmacological properties; 
however, only those agents currently not covered by any of the other sections (e.g. anabolic 
agents, peptide hormones, growth factors, and related substances) are considered relevant 
for S0. These compounds [016]  
 

- have not received approval for human therapeutic use 
- comprise structures not related to any other listed group of banned substances  
- exhibit biological effects that are different from all other drugs included in the 

Prohibited List. 

 
Therapeutic use exemption (TUE)  
 
The need for therapeutic use exemptions (TUEs) or the permitted use of Prohibited 
Substances and Prohibited Methods by athletes to treat significant medical conditions arose 
when several classes of drugs used commonly in medicine were prohibited in sport by the 
International Olympic Committee (IOC) during the 1980s. However, although the IOC 
Medical Commission (IOC-MC) gave qualified support for the concept to formally start at the 
1992 Barcelona Olympics, the Commission's fears that athletes might abuse the mechanism 
resulted in minimal publicity and its non-inclusion in the Medical Code of the Olympic 
Movement for 8 years. TUEs would not be widely publicised until the advent of the World 
Anti-Doping Agency which not only approved the principles of TUEs as developed by the 
IOC's Medications Advisory Committee (MAC) in 1991, but also introduced the name of TUE. 
Several changes to the Prohibited List have resulted in TUEs being necessary for 
substances that were permitted 20 years ago as disclosed in a review of TUEs approved at 
the 11 Olympic Games that the IOC's MAC, later the TUE Committee (TUEC), has operated. 
The IOC and its TUEC played a pivotal role in developing the concept of TUE which is now 
globally accepted [13013].  
  
Athletes can be allowed to use substances from the prohibited list (the doping list) if they 
have a medical condition. If so, a Therapeutic Use Exemption (TUE) is required. The 
boundaries between the use of pharmacological substances due to a medical need and 
doping are sometimes blurred. Although manipulating the system of TUE granting potentially 
represents an entry stage for doping, few studies examine how athletes perceive TUE 
management and relate this to current anti-doping policy. 645 Danish elite athletes (mean 
age 22) representing 40 sports completed a web-based questionnaire about their experience 
and perception of TUE (response rate: 43 %). Nineteen percent of the respondents had been 
granted a TUE. Eightyfive percent of athletes granted a TUE regarded their use of the TUE 
system as necessary to compete on equal terms with other athletes. Administrative hurdles 
for TUE prevented 7 percent of athletes from applying. Fifty-three percent of the athletes 
considered that being "allowed" to dope by means of a TUE was of importance for their 
(hypothetical) wish to try out doping. Fifty-one percent believed that athletes in their sport 
received TUEs without a medical need. Athletes granted TUEs had more than twice as high 
odds to distrust the efficacy of the system than athletes never granted a TUE. The belief that 
TUEs were misused was especially common among endurance athletes, regardless of them 
having experience with TUEs or not. Four percent believed it would be okay to receive a TUE 
without a medical need. The results confirm that TUE is a problem in anti-doping policy. The 
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fact that distrust in TUE administration increases once an athlete has experience of TUEs 
represents a challenge for anti-doping policy. We suggest more critical research on TUEs be 
carried out in order to improve harmonization and increase transparency in the regulations 
[13020]. 
 
Athletes who have either physical symptoms or disease after injury may need to be treated 
with specific medicines that are on the list of prohibited substances. Therapeutic use 
exemption may be granted to such players, in accordance with strictly defined criteria-these 
are presented in this article. Procedures of how to request for an abbreviated or a standard 
therapeutic use exemption are explained, and data on therapeutic use exemptions are also 
presented. A therapeutic use exemption (TUE) permitting the use of such a substance or 
method that is on the prohibited list, may be granted to the player, depending to the clinical 
situation. An exemption will be granted only in strict accordance with the following criteria 
[06007]: 
 

- the athlete shall submit an application for TUE no less than 21 days before 
participating in an event 

- the athlete would experience a significant impairment to health if the prohibited 
substance or method were to be withheld in the course of treating an acute or 
chronic medical condition 

- the therapeutic use of the prohibited substance or method would produce no 
additional enhancement of performance other than that which might be 
anticipated by a return to a state of normal health following the treatment of a 
legitimate medical condition. The use of any prohibited substance or method to 
increase ñlowȤnormalò levels of any endogenous hormone is not considered an 
acceptable therapeutic intervention 

- there is no reasonable therapeutic alternative to the use of the otherwise 
prohibited substance or method 

- the necessity for the otherwise prohibited substance or method cannot be a 
consequence, wholly or in part, or prior nonȤtherapeutic use of any substance 
from the prohibited list 

- an application for a TUE will not be considered for retroactive approval except 
in cases where: 

o emergency treatment or treatment of an acute medical condition was 
necessary 

o due to exceptional circumstances, there was insufficient time or 
opportunity for an applicant to submit, or the granting body to consider, 
an application prior to doping control 

- confidentiality of information: The applicant shall provide written consent for the 
transmission of all information pertaining to the application to members of the 
granting body and, as required, other independent medical or relevant scientific 
experts. If the assistance of external, independent experts is required, all 
details of the application will be circulated without identifying the player 
involved in the doctor's care. The applicant shall also give written consent to 
the decisions of the granting body to be distributed to the involved medical 

personnel of other relevant antiȤdoping organisations under the provisions of 
the Doping Control Regulations. The members of the granting body involved 
will conduct all of their activities in strict confidence according to the 
Hippocratic Oath and the medicoȤlegal and ethical rules of confidentiality. 

 
Abbreviated TUE  
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Abbreviated TUE requests are valid as soon as an approved anti-doping organisationhas 
received the request. Treatment may start immediately after the receipt is confirmed. 
However, the anti-doping organisation has the right to ask for additional information should 
the applied indication for glucocorticosteroids or beta2-agonists appear doubtful. WADA has 
also decided that for a beta2-agonist TUE, following a clinical diagnosis of exercise induced 
or allergic asthma the results of lung function tests have to be submitted to substantiate the 
clinical diagnosis. This decision of the WADA Medical Committee clearly stresses the 
importance of sound clinical diagnosis following state of the art assessment to avoid misuse 
of ɓ2 agonists in the absence of clear clinical diagnosis [06007].  
 

Standard TUE 
 
In the case of a standard TUE application for which specialist expertise is required, the TUE 
committee appoints external independent experts for a second opinion to justify the decision. 
Standard TUE requests are valid as soon as an appropriate anti-doping organisation has 
sent the player a certificate of approval, except in rare cases of an acute life threatening 
condition, for which retroactive approval may be considered. TUEs are indispensable for 

improving medical cover of athletes with health impairments while avoiding antiȤdoping 
violations [06007].  

 
Therapeutic use exemptions (TUEs) at the Olympic Games  
 
That Olympic athletes, indeed all athletes with documented and significant medical 
conditions, may seek and be approved to administer a Prohibited Substance or a Prohibited 
Method and train for and compete in sports is now widely acknowledged and accepted. This 
is termed a Therapeutic Use Exemption (TUE), although some were granted to Olympic and 
non-Olympic athletes before this name was introduced in 2001. The International Olympic 
Committee (IOC), through its Medical Commission (IOC-MC), had a pivotal role in the 
development of TUE and its TUE Committee (TUEC) has functioned since prior to the 1992 
Olympic Games in Barcelona. London 2012 was the 11th Olympic Games at which it had 
operated. But in its early years, acceptance of the concept of TUEs had many difficulties. 
However, although the IOC Medical Commission (IOC-MC) gave qualified support for the 
concept to formally start at the 1992 Barcelona Olympics, the Commission's fears that 
athletes might abuse the mechanism resulted in minimal publicity and its non-inclusion in the 
Medical Code of the Olympic Movement for 8 years. TUEs would not be widely publicised 
until the advent of the World Anti-Doping Agency which not only approved the principles of 
TUEs as developed by the IOC's Medications Advisory Committee (MAC) in 1991, but also 
introduced the name of TUE. Several changes to the Prohibited List have resulted in TUEs 
being necessary for substances that were permitted 20 years ago as disclosed in a review of 
TUEs approved at the 11 Olympic Games that the IOC's MAC, later the TUE Committee 
(TUEC), has operated. The IOC and its TUEC played a pivotal role in developing the concept 
of TUE which is now globally accepted [13013]. 
 
Two decades of experience of TUEs at the Olympic Games have demonstrated that from a 
semiclandestine procedure in 1992, it has evolved so that currently there are established 
principles, a robust mechanism to apply and approve or reject applications, globally 
recognised medical indications and a mutual recognition of appropriately approved TUEs, at 
least at the Olympic Games. It is gratifying that the IOC's 1991ï1992 pioneering criteria and 
guidelines have undergone only minor modifications to those of WADA that operated at 
London 2012. However, despite widespread understanding of the TUE principles and 
processes, it is essential to continue to strive for superior knowledge of the topic, better 
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qualified and more experienced TUECs and hopefully a mutual recognition of correctly 
approved TUEs from experienced TUECs [13013].  

 
Prevalence of use of TUEs in asthmatics 
 
The prevalence of asthma and the use of anti-asthmatic medication is high among elite 
athletes. Elite athletes require a TUE certificate (Therapeutic Use Exemption) if they require 
anti-asthmatic medication which is on the prohibited list. The aim of one study was to 
determine the distribution of Danish TUE certificates and to examine the use of anti-
asthmatic medication among Danish elite athletes. A cross-sectional study of all applications 
for TUE certificates in 2005 was carried out. It was focused on applications including anti-
asthmatic medication. All applications resulted in certificates being issued. A total of 694 TUE 
certificates were issued. Of these, 445 (64 %) concerned anti-asthmatic medication. Short-
acting beta-2-agonists (SABA) were the most frequent medication (79 %). Only 2 percent 
received long-acting beta-2-agonists (LABA) as single therapy. Inhaled steroids were used 
by 69 percent. Swimmers received significantly higher doses of inhaled steroids compared to 
all others athletes (1031 microg/day; n=148). The applications for TUE certificates were 
generally handled by general practitioners (78 %) [08039]. 

 
 
Prioritation in anti -doping  
 
There is debate concerning whether the guiding paradigm for anti-doping policy should be 
the current legalistic approach or a "harm minimisation" approach prioritising athlete health. 
This study sought to determine whether a representative sample of Australians prioritises 
health above other concerns using the World Anti-Doping Code's Spirit of Sport statement 
which lists the 11 attributes that define the moral basis for anti-doping. A Best-Worst Scaling 
(BWS) Balanced Incomplete Block Design experiment using 11 choice sets of five Spirit 
attributes from the set of 11, with the attributes within each choice set in a random order. A 
representative sample of 168 Australians responded to an on-line survey. The BWS scores 
defined the relative ranking of each attribute to define an aggregate model and 
demographically defined models (gender, education, sports participation and sports 
following). Health was ranked as 7/11 in the aggregate model. Only those who did not follow 
sport prioritised health (2/11), with other demographic models failing to show a meaningful 
departure from the aggregate model. It was concluded that Australians ranked health below 
other attributes in the Spirit of Sport, appearing to prioritise "rule following" consistent with 
the legalistic approach. This challenges the harm minimisation approach to managing the 
role of drugs in sport and suggests that rule-following and legalistic approaches to drug use 
should take precedence over health messages [12031]. 

 
 
Strategy to reduce illicit drug  
 

Australian football 
 
The World Anti-Doping Agency (WADA) prescribes that drug testing is conducted in sports 
competitions to detect drug use in athletes. This testing includes performance-enhancing 
drugs as well as illicit substances such as marijuana, amphetamines and cocaine. Illicit drugs 
are tested for on match days but not on non-match days. Some athletes are known to use 
illicit substances for recreational purposes, away from competition times and this poses a 
serious health and welfare issue not addressed by the usual sport drug testing regimes. This 
paper reports the results of the first 7 years of an illicit drug-testing programme that included 
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non-match day testing in the elite Australian Football competition, the Australian Football 
League (AFL). Players in the AFL were tested for illicit drugs both in-competition and out-of-
competition. Players were selected for illicit substance tests either randomly or targeted 
based on previous test history or time since previous test. The number of tests conducted 
was increased each year from 2005 to 2011 and testing was focused on high-risk times 
during non-competition periods. There were no positive match day tests. There was a 
significant reduction in positive tests (19-6) for illicit drugs during non-competition periods 
over the 7 years. The reduction in positive tests may be related to player education, the 
greater number of tests conducted and the harm minimisation approach of the illicit drug 
policy [12032]. 
 
 

Agreements with the pharmaceutical industry  
 
With a steady stream of new therapeutic agents ï from stimulants to steroids to protein 
hormones ï with potential for abuse in sport entering the marketplace, antidoping scientists 
and collaborators are continually developing new approaches for detection of prohibited 
substances and methods. WADA has signed a declaration with the International Federation 
of Pharmaceutical Manufacturers and Associations, whose members will voluntarily assist in 
identifying products with doping potential in advance of their introduction into the marketplace 
[12006].  

 
The misuse of medicines for performance enhancement in sport (doping) is not approved by 
regulatory agencies, and is illegal in many countries. In addition to the 'traditional' doping 
agents such as steroids, beta-blockers and blood transfusions, the list of agents and 
techniques used in doping is increasing and now includes newer medicines such as 
erythropoiesis-stimulating agents and growth hormones. Innovative new medicines are of 
particular interest as would-be dopers may believe them to be undetectable by current 
methods. Close collaboration between the biopharmaceutical industry and anti-doping 
agencies such as the World Anti-Doping Agency is critical to a successful anti-doping 
strategy. Industry is ideally placed to identify the doping potential of new medicines at early 
stages and to support early development of detection assays. A strong, united front between 
the biopharmaceutical industry and anti-doping agencies is essential to counter the misuse of 
medicines for performance enhancement, as well as to promote fair play and clean sport 
[12033]. 
 
WADA is making significant progress in building relationships within the pharmaceutical and 
biotech industries. Cooperation, similar to that which now exists with Roche, 
GlaxoSmithKline and the International Federation of Pharmaceutical Manufacturers 
Association (IFPMA), will give WADA a head start by working on pipeline compounds that 
have the potential for abuse in sport [12034]. 
 
David A Cowan and Campbell P Barker spoke to Ryan De Vooght-Johnson at Bioanalysis in 
May 2012 about the partnership between industry and academia for the setup and running of 
the doping-control laboratory for the London 2012 Olympic Games. David A Cowan is 
Director of the London 2012 anti-doping laboratory as well as Director of the King's College 
London Drug Control Centre, the UK's only WADA-accredited anti-doping laboratory, and 
Head of the Department of Forensic Science and Drug Monitoring. Cowan co-founded the 
Drug Control Centre in 1978 and became its Director in 1990. He has published extensively 
in the field of pharmaceutical analysis, especially as it relates to detecting drug administration 
in sport, and was awarded a personal chair in pharmaceutical toxicology in 1996. Cowan 
became Head of the Department of Forensic Science and Drug Monitoring at King's College 
London in 2002. He has served on a number of national and international committees, 



 

 

 

 

 

171 

 

including the Council of Europe Working Party Investigating Drug Abuse in Sport that led to 
the first World Anti-Doping Convention, the Laboratory Representative on the International 
Olympic Committee's Medical Commission, and WADA's Laboratory Accreditation 
Subcommittee. He is a member of the Crippen Club for Distinguished Toxicologists. In 1998 
he was awarded the IOC Trophy for Sport Ethics by the BOA. He was a founding member of 
the World Association of Anti-Doping Scientists and became its first President serving on its 
Executive Board between 2001 and 2004. He was a Visiting Laboratory Director at the Salt 
Lake City Winter Olympic Games 2002, where the first novel erythropoiesis-stimulating 
protein (NESP) positive was discovered. He was also a senior advisory scientist at both the 
Turin Winter Olympic Games in 2006 and the Beijing Olympic Games in 2008. He was also a 
member of the IOC Medical Commission for the Sydney Olympic Games in 2000 and the 
Vancouver Winter Olympic Games in 2010. The Drug Control Centre undertook the sample 
analysis during the 2002 Manchester Commonwealth Games and Cowan was Co-Director of 
the laboratory for the Commonwealth Games in Kuala Lumpur in 1998. Cowan, who has 
directed the laboratory at King's College London for many years, was a member of the bid 
team making the presentation to the International Olympic Committee in February 2005. 
Campbell P Barker has been leading GlaxoSmithKline's delivery of the London 2012 
laboratory services since September 2009. Prior to that time he was Director of Global 
Strategic Projects in GlaxoSmithKline's Consumer Healthcare business from 2006, and from 
1994 to 2006 he worked in R&D for Procter & Gamble. Barker holds a PhD in chemistry from 
the University of Durham [12035]. 

 
 
Doping controls in practice  
 
Drug testing is now ubiquitous in sport, and it often falls to the team physician to perform a 
variety of roles including interpreting test results, designing drug-testing programs, acting as 
medical review officer, and providing therapeutic use exemptions, education, and counseling. 
Proper understanding of current testing methods for drugs such as anabolic-androgenic 
steroids, erythropoietin, and growth hormone is essential if the team physician is going to 
assume these positions. One article outlined the basics of athletic drug testing from the 
collection process through the interpretation of results to assist the team physician in this 
field [06008]. 
 

International Sport Federations in the protection of the athlete's health  
 
To determine the priorities and activities of International Sport Federations (IFs) with respect 
to the promotion of health in their sport and for the general population all 35 IFs participating 
in Olympic Games in 2014 or in 2016 were asked to rate the importance of 10 indicated 
topics, and to report their programmes, guidelines or research activities on 16 health-related 
topics using an online questionnaire (response rate 97 %). On average, the ñfight against 
dopingò had the highest priority followed by ñhealth of their elite athleteò and ñimage as a safe 
sportò. The topics with the lowest importance ratings were ñhealth of their recreational 
athleteò,ò'increasing the number of recreational athletesò and ñhealth of the general 
populationò. All except one IF reported to have health-related programmes/guidelines/ 
research activities; most IFs had 7 or 8 of the listed activities. Eight IFs (24 %) stated to have 
activities for ñprevention of chronic diseases in the general populationò but only FIFA and 
FINA reported related projects. It was concluded that IFs aimed to protect the health of their 
elite athletes through a variety of activities, however the health and number of their 
recreational athletes was of low importance for them. Thus, IFs are missing an important 
opportunity to increase the popularity of their sport, and to contribute to the health of the 
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general population by encouraging physical activity through their sport. FIFA's ñFootball for 
Healthò and FINA's ñSwim for Allò projects could serve as role models [13025]. 

 
During the Olympics 
 
One article outlines the process of preparation of an anti-doping laboratory in view of the 
activities to be performed on the occasion of the Olympic Games, focusing in particular on 
the accreditation requirements of the World Anti-Doping Agency (WADA) and ISO/IEC 
17025, as well as on the additional obligations required by the International Olympic 
Committee, which is the testing authority responsible for the anti-doping activities at the 
Olympics. Due to the elevated workload expected on the occasion of the Olympic Games, 
the designated anti-doping laboratory needs to increase its analytical capacity (samples 
processed/time) and capability by increasing the laboratory's resources in terms of space, 
instrumentation and personnel. Two representative cases, one related to the Winter Olympic 
Games (Torino 2006) and one related to the Summer Olympic Games (Beijing 2008), are 
presented in detail, in order to discuss the main aspects of compliance with both the WADA 
and ISO/IEC 17025 accreditation requirements [12054]. 

 
A brand new 2012 London Olympics anti-doping lab made the headlines worldwide, 
accompanied by strong anti-doping messages for prospective Olympians and illustrated by 
an iconic photograph depicting the laboratoryôs head showing a blood sample to the Minister 
for Sports and the Olympics. The 4ô400m2 laboratory, sponsored by a multinational 
pharmaceutical company, was operating 24 h/day during the Games, analysing urine and 
blood samples of one out of two participating athletes while a part of the samples will be 
stored for eight years, using the threat of future testing technology as a further deterrent 
[12012].  

 
Biomarkers 
 
Biomarker monitoring can be considered a new era in the effort against doping. Opposed to 
the old concept in doping control of direct detection of a prohibited substance in a biological 
sample such as urine or blood, the new paradigm allows a personalized longitudinal 
monitoring of biomarkers that indicate non-physiological responses independently of the 
used doping technique or substance, and may cause sanctioning of illicit practices. This 
review presents the development of biomarker monitoring in sports doping control and 
focuses on the implementation of the Athlete Biological Passport as the current concept of 
the World Anti Doping Agency for the detection of blood doping (hematological module). The 
scope of one article extends to the description of novel biomarkers and future concepts of 
application [12055]. 

 
"Exercisenomics"  
 
Laboratory medicine is complex and contributes to the diagnosis, therapeutic monitoring and 
follow-up of acquired and inherited human disorders. The regular practice of physical 
exercise provides important benefits in heath and disease and sports medicine is thereby 
receiving growing focus from almost each and every clinical discipline, including laboratory 
medicine. Sport-laboratory medicine is a relatively innovative branch of laboratory science, 
which can provide valuable contributions to the diagnosis and follow-up of athletic injuries, 
and which is acquiring a growing clinical significance to support biomechanics and identify 
novel genomics and "exercisenomics" patterns that can help identify specific athlete's 
tendency towards certain types of sport traumas and injuries. Laboratory medicine can also 
provide sport physicians and coaches with valuable clues about personal inclination towards 
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a certain sport, health status, fitness and nutritional deficiencies of professional, elite and 
recreational athletes in order to enable a better and earlier prediction of sport injuries, 
overreaching and overtraining. Finally, the wide armamentarium of laboratory tests 
represents the milestone for identifying cheating athletes in the strenuous fight against 
doping in sports [12056]. 

 
Multi-class and multi-analyte test methods 
 
Traditionally, doping control analytical assays have been drug-class dedicated and tailored to 
address requirements concerning sample preparation and chromatography/mass 
spectrometry resulting from specific physicochemical properties of target compounds. 
Improved analytical instrumentation (particularly based on liquid chromatography-(tandem) 
mass spectrometry have enabled the development of numerous cost-effective and rapid 
alternatives, allowing for multi-class/multi-analyte test methods. The trend towards 
comprehensive and preferably combined targeted/non-targeted screening procedures has 
been motivated in part in the requirement for analytical approaches to meet the minimum 
required performance levels (MRPLs) stipulated by WADA. Within the last year, several LC-
MS(/MS)-based approaches were published representing options to complement or expand 
the currently employed methodologies of doping control laboratories. For example, 
employing targeted multiple-reaction monitoring (MRM), the detection of a total of 61 
analytes (plus two internal standards) from urine covering seven classes of prohibited 
substances (S1ïS7) and one agent categorized under M1 was reported. While these assays 
are all designed to specificallymeasure amultitude of target compounds with dedicated 
precursor-/product-ion pairs and thus gate out all other information (for the advantage of 
sensitivity and speed), a trend towards combined targeted/nontargeted analytical methods 
has been recognized over the last few years. Here, particularly LC-MS(/MS) approaches with 
high resolution/high accuracy mass analyzers such as time-of-flight (TOF) and orbitrap as 
well as hybrids consisting of quadrupole or ion trap mass selective devices and TOF or 
orbitraps have been used. The benefit of analytical information being recorded in utmost 
extent (limited essentially only by sample preparation and/or ionization capability) has been 
especially recognized and appreciated [12017].  

 
Statistics 
 
London Olympics 
More than 1000 samples were analyzed within a few days after each event for stimulants, 
steroids, masking agents, recombinant proteins like erythropoietin and growth hormone 
(GH), and other substances on the World Anti-Doping Agency (WADA) Prohibited List in the 
London Olympics in 2012 [12006]. 
 
 

Organization in football  
 
FIFA 
 
The fight against doping in sport receives considerable media interest and results in much 
speculation regarding the ability of athletes to compete on a level playing field. Football was 
one of the sports that took early leadership in this fight when the Fédération Internationale de 
Football Association (FIFA) introduced doping controls in football in 1970 as part of a wider 
strategy to ensure that the results of representative matches were a fair reflection of the 
ability of those taking part. As a result of the collaborative effort between FIFA and regional 
confederations and their member associations in conjunction with national antiȤdoping 
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organisations, more than 20 000 doping controls are performed annually on football players. 
The overall incidence of positive doping samples for prohibited substances accounts for 0.4 
percent of all tests. Most of the positive drug tests are due to cannabis and cocaine, the 

soȤcalled social drugs. Only a few individual cases (0.07 % of the positive tests in 2004) were 
positive for anabolic steroids, such as nandrolone and testosterone. The majority of doping 
controls have been carried out in competition. FIFA, the Union of European Football 

Associations (UEFA), and some of the national antiȤdoping organisations also perform 
unannounced, outȤofȤcompetition controls at training venues during the football season. Prior 
to the 2006 FIFA World Cup being held in Germany, unannounced doping controls have 
been performed in the friendly matches between nations. Doping controls have also been 
performed during the training camps prior to the opening match on June 2006. All tests to 
date have proved negative. UEFA has also performed unannounced testing in the 2005ï06 
football season in all of the teams participating in the UEFA Champions League and UEFA 
Cup. Ten players were randomly selected from each of the 38 European top professional 
teams and were subjected to testing. No prohibited substances were found in any of the 380 
samples tested. Since 1994, FIFA has followed a similar strategy in international 
competitions for both men and women. In these tests, two randomly selected players per 
team are tested after each finals match and a total of 3327 tests have been performed in 32 
tournaments to date. Only three samples have tested positive since testing commenced: one 
for ephedrine, one for cannabis, and one for nandrolone. One sample tested positive for 
ephedrine during the qualifying matches for the 2006 FIFA World Cup being held in 
Germany. The incidence of positive tests in FIFA competitions over the past 12 years is 0.1 
percent. During the 2000 Olympic Games in Sydney and the 2004 Olympic Games in 
Athens, none of the football players tested positive for any prohibited substance. The internal 
surveys of all Olympic team sports federations revealed that none of the team sports athletes 
tested positive for prohibited substances. The comparison of positive drug tests among 
different sports is currently not possible as the World AntiȤDoping Agency (WADA) presents 
only adverse analytical findings in their published statistics rather than true positive results. 
The statistics include ñtherapeutic use exemptionsò as well as elevated (>4) testosterone to 
epitestosterone (T/E) ratio which may be seen in normal athletes. Football accounts for the 
majority of doping controls performed worldwide. The current doping statistics demonstrate a 
very low incidence of positive tests and justifies the assumption that there is no evidence for 
systematic doping in football and most probably in any of the other Olympic team sports. 
Although no clear data are available from WADA about the distribution of inȤcompetition and 

outȤofȤcompetition drug testing, it can be assumed that the majority are performed in 
competition. It has to be remembered that the professional football season in which the 
footballers are subject to random testing runs for 49 weeks a year in most football playing 
nations. There are several possible explanations for the low incidence of the positive findings 
of prohibited substances among football players: 

 
- the stringent drug testing programme occurs during the entire football season in 

most countries 
- football players worldwide understand that prohibited substances in sport will 

neither improve their physical performance nor their football specific skills and 
hence are reluctant to use agents that are not effective and subject to possible 
sanctions 

- ongoing education campaigns by FIFA for doctors, administrators, officials and 
players have encouraged a drugȤfree culture in football 

 
It is also possible that both inȤcompetition and outȤofȤcompetition testing is insufficient to 

detect drug use. This is unlikely, given the large number of inȤcompetition and outȤofȤ 
competition drug tests occurring at all levels of professional sport over many years with 
relatively few positive results. Over the past six years FIFA, realising that the dimension of 
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misuse of prohibited substances is different from that in individual Olympic sports, has also 
developed close collaboration with the medical representatives of other Olympic team sports 
federations, as well as with the International Rugby Board. The medical representatives of 
these bodies expressed their collective opinion during the WADA meeting in March 2003 in 
Copenhagen, suggesting a possible revision of the World AntiȤDoping Code given the 
different needs of international team sports federations and the lack of evidence of 
systematic doping in those sports. Furthermore, given the testing of over 20 000 doping 
controls in football annually worldwide, it became obvious that a close collaboration had to be 
developed with the accredited testing laboratories to understand the different examination 
methods and to keep abreast of new scientific developments. The close collaboration with 
the laboratories has resulted in these laboratories being considered equal partners in the 
global strategy against doping. It has also resulted in a number of research studies being 
performed on controversial issues such as nandrolone metabolism, analysis of the T/E ratio 
and the influence of age and ethnic differences on testosterone metabolism. It seems likely 
that the constantly increasing number of drug tests will not alter the incidence of positive 
findings. Unannounced testing at training grounds following the impressive example of UEFA 
with the Champions League teams could be introduced in all FIFA confederations to provide 
more information from possible misuse of prohibited substances between official matches. 
The absence of any positive tests in the UEFA testing to date makes it unlikely that this 
strategy will identify a significant number of drug cheats who are currently not being 
detected. Given these findings, the question that arises is whether there is a need for 
fundamental change in the strategy to fight doping in football? The FIFA Medical Committee 
is of the opinion that the educational process has to be intensified with the help of national 
associations and in particular, through team physicians. Team physicians play a central role 
in the educational programme as they have direct influence over player behaviour and have 
the knowledge to advise players, not only on the potential risks to health, but also of the 
effect that sanctions may have on a player's career if he or she is caught. The 32 team 
physicians of the 2006 finalists have once again confirmed their unconditional support of 
FIFA's strategy by signing their joint declaration prior to the 2006 FIFA World Cup Germany. 
The doping control officer at testing controls can also reinforce the educative aspect of the 
fight against doping [06009]. 

 
The doping control proceure 
The full details of the FIFA doping control procedure are set out in the annually updated FIFA 
Doping Control Regulations (www.fifa.com/en/regulations/regulation/0,1584,9,00.html). With 
regard to the medicolegal aspects of doping control procedures, the process is as follows: 

 
- once an A sample has tested positive, then the FIFA Doping Control SubȤ 

Committee investigates the documentation of the case and prepares a report for 
the FIFA Chief Doping Control Officer. The FIFA Chief Doping Control Officer has 
to verify that the correct doping control procedures have been completed according 
to the doping control regulations. This process usually involves contacting the 
testing laboratory as well as the original doping control coordinator where the 
athlete was tested. 

- if the analysis of the A sample is confirmed as positive by the FIFA Doping Control 
SubȤCommittee's report, the FIFA General Secretary shall at once confidentially 
notify the chairman of the Disciplinary Committee, the Sports Medical Committee 
and the national association of the player concerned, which shall have the right to 
request a second analysis using the B sample within 24 hours of being notified. 

- if a second analysis is requested, FIFA shall communicate this request immediately 
to the head of the laboratory where the B sample is being kept. An analysis of the 
B sample shall be carried out as soon as possible, by personnel who were not 
directly involved with the analysis of the A sample. The association concerned shall 

http://www.fifa.com/en/regulations/regulation/0,1584,9,00.html
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have the right to have a representative present, in addition to the player concerned. 
The results of the analysis of the B sample shall be sent immediately to the FIFA 
Chief Doping Control Officer responsible, by fax or eȤmail. If no request for a 
second test is made, the laboratory shall dispose off sample B after 30 days have 
elapsed.  

 
In addition to the procedural roles above, the FIFA Chief Medical Officer and the Doping 

Control SubȤCommittee also have to estimate the seriousness of the individual case from the 
medical point of view as to whether the violation was intentional (partially autonomous but 

not fully selfȤresponsible), deliberate (fully autonomous) or negligent and examine whether 
any exceptional circumstances may apply. Finally, a written statement about the medical 
analysis of the case including an estimation of the medicolegal aspects has to be submitted 
to the FIFA Disciplinary Committee for consideration of sanctions. In cases where FIFA is 
asked by a national federation or a confederation to take over the sanction or decide about a 
sanction for the international level, the same procedure is carried out. The individual case 
management as outlined above is an integral part of FIFA's approach to doping control and 
based on Swiss sanction law. This means that there must be evidence that the player is 
personally guilty of the offence being sanctioned and the unjustness of his behaviour has to 
be obvious to him. Thus, every sanction inevitably contains a distinctive individual 
component [06002]. 
 

FIFA Medical Assessment and Research Centre (FȤMARC)  
 
The ongoing media debate surrounding the issue of doping in sport has raised public 
awareness of a problem that been steadily developing over many years. This controversy 
reflects both the rapid development of various sports disciplines as well as the evolution of 
new doping methods and agents. The Fédération Internationale de Football Association 
(FIFA) introduced doping controls in football in 1970 to ensure that the results of national and 
international matches were a fair reflection of the ability of those taking part. Over the past 12 

years, the FIFA Medical Assessment and Research Centre (FȤMARC) has developed a 
worldwide network of specialists who are involved in the educational process within the 

regional football confederations and national associations as one facet of global antiȤdoping 
strategies. FȤMARC has also been involved in the practical implementation of doping controls 
for FIFA competitions at all levels. FIFA has developed close collaboration not only with the 
confederations and member associations, but also with other team sports federations, 
particularly with the accredited drug testing laboratories. These relationships have helped to 
understand the extent of doping, which in turn forms the basis of a global, harmonised 
strategy in the fight against doping in football [06010]. 

 
FIFA's approach to doping in football. 
 
FIFA's anti-doping strategy relies on education and prevention. A worldwide network of 
physicians guarantees doping control procedures that are straightforward and leave no place 
for cheating. FIFA actively acknowledges its responsibility to protect players from harm and 
ensure equal chances for all competitors by stringent doping control regulations, data 
collection of positive samples, support of research, and collaboration with other 
organisations. One article aimed to outline FIFA's approach to doping in football. Data on 
positive doping samples per substance and confederation/nation documented at the FIFA 
medical office from 1994 to 2005 are provided. According to the FIFA database, the 
incidence of positive cases over the past 11 years was 0.12 percent, with about 0.42 percent 
in 2004 (based on the assumption of 20,750 samples per year) and 0.37 percent in 2005. 
Especially important in this regard is the extremely low incidence of the true performance 
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enhancing drugs such as anabolic steroids and stimulants. However, there is a need for 
more consistent data collection and cross checks among international anti-doping agencies 
as well as for further studies on specific substances, methods, and procedures. With regard 
to general health impairments in players, FIFA suggests that principles of occupational 
medicine should be considered and treatment with banned substances for purely medical 
reasons should be permitted to enable players to carry out their profession. At the same 
time, a firm stand has to be taken against suppression of symptoms by medication with the 
aim of meeting the ever increasing demands on football players. It was concluded that the 
incidence of doping in football seems to be low, but much closer collaboration and further 
investigation is needed with regard to banned substances, detection methods, and data 
collection worldwide [06001]. 
 
FIFA introduced doping controls in 1970 to ensure that the results of national and 
international matches were a fair reflection of the ability of those taking part. The FIFA Sports 
Medical Committee is responsible for implementing doping controls at all FIFA competitions 
and also for coordinating with confederations and member associations. The overall 
management of doping controls is conducted by the FIFA administration (Medical Office and 
the FIFA Sports Medical Committee). Over the past 12 years, the FIFA Medical Assessment 

and Research Centre (FȤMARC) has developed a worldwide network of specialists who are 
involved in the educational process within the confederations and national associations as 
well as in practical performance of doping controls for national, international, and FIFA 
competitions. The medical doctors/sports physicians, following their Hippocratic Oath as well 
as their professional and ethical values, play key roles in FIFA's long term strategy in the 
fight against doping. Many of these doctors are also team physicians in their national 
associations. The fight against doping in football focuses on education and prevention with 

regular inȤcompetition and outȤofȤcompetition controls. In past years, approximately 15 000 
doping controls were performed annually on footballers, with over 20 000 performed in both 
2004 and 2005. FIFA articulated its unyielding position in the fight against doping prior to the 
world cup competition in both 1998 and 2002 and reinforced its strategy in the FIFA 
Magazine in March 2004. Physicians demonstrated their strong support of the FIFA long 
term strategy in its fight against doping before the 2002 FIFA World Cup Japan/Korea. The 
team physicians of all 32 finalists signed a joint declaration in the fight against doping, 
supporting FIFA's decision to introduce routine blood sampling to analyse for blood doping 
and erythropoietin (EPO). This was a firm message to the football community and 
demonstrated the excellent collaboration and cooperation between the FIFA Sports Medical 
Committee and the team physicians taking care of the players before and during the 
competition. The team physicians of all the finalists of the 2006 FIFA World Cup Germany 
again reinforced the fight against doping with a joint declaration signed on 5 March 2006 to 
keep this unique event free of doping [06001]. 
 
FIFA is a global organisation that unites over 250 million footballers in 207 countries. Around 
40 million of these players are female. Currently, confederations, national associations, or 
both that fall under FIFA's management, carry out their own doping controls at the 
competitions they stage. However, the urine or blood samples, or both must be analysed at 
laboratories accredited by FIFA/World AntiȤDoping Agency (WADA). These laboratories send 
reports on any ñchemically positiveò A samples to the member associations, and FIFA 
headquarters for management and WADA for information. Once the FIFA medical office 
receives a positive A sample report, it requires follow up information from the national 
association/confederation in question, or both ï that is, the results of the possible B sample 
decision made by the particular disciplinary committee. If the information is not provided, the 
FIFA disciplinary committee takes appropriate action. Since the 1994 FIFA World Cup in the 
USA, the FIFA Medical Office has undertaken stringent registration of analysed samples. A 
new doping control policy for FIFA competitions was introduced at the FIFA U-17 World 
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Championship in New Zealand in 1999. Since then, during tournaments, two players from 
each team are randomly selected to undergo doping tests after each match. Between 1994 
and 2005, 3327 doping controls (men and women) were performed during three consecutive 
FIFA world cups (USA, France, Korea/Japan), two consecutive Olympic games (Sydney, 
Athens) as well as the last Women's World Cup (USA, 2003), the FIFA UȤ19 in Thailand, the 
FIFA UȤ17 World Cup in Peru, the FIFA Confederations Cup in Germany, the FIFA Club 

World Cup in Japan, the FIFA Beach Soccer World Cup in Brazil, the FIFA UȤ20 World Cup 
in the Netherlands, and FIFA World Championship in Futsal, Chinese Taipei, as well as 
during the World Cup 2006 preliminaries. Only four samples tested positive during this 
period: one for ephedrine and pseudoephedrine in 1994 one for cannabis and one for 
nandrolone during the FIFA World Youth Championship 2003 held in the United Arab 
Emirates, and one for ephedrine in Angola. This reflects an overall incidence of 0.12% 
positive cases over the past 11 years. The extremely low incidence of positive cases during 
FIFA competitions indirectly confirms the FIFA long term strategy in the fight against doping: 
that education and prevention play a key role in keeping high profile competitions free of 
doping [06001]. 
 
It can only be assumed that team sports such as football are not as prone to misuse of 
performance enhancing substances as are individual sports. During the 2004 Olympic 
Games in Athens, there were 27 positive cases ï all in individual athletes and none in any 
team sport participants. It might be hypothesised that the close collaboration of the team 
sport medical committees since the 2000 Olympic Games in Sydney, positively influenced 
the attitude of fairplay among team sports during the Olympic Games in Athens. Close 
collaboration between accredited laboratories, the reporting system, and the central control 
system is an important tool for statistical recording of the extent of doping in football in the 
future. Although several prominent footballers have tested positive for drugs in recent 
decades, the true extent of the problem is unknown. Even if we assume that doping is still 
not a major issue in team sports such as football, any estimation of the problem can be 
considered as merely an unscientific hypothesis or speculation. To meet the challenges 
brought about by this situation, FIFA has taken action to develop closer collaboration 
between the medical committees of the various confederations. In October 1999, the FIFA 
Sports Medical Committee and the Union of European Football Associations (UEFA) Medical 
Committee met to discuss the latest sports medicine issues with the aim of not only 
combating doping but also developing educational programmes designed to meet the 
fundamental objectives outlined above. Similar meetings have been conducted between the 
representatives of the FIFA Sports Medical Committee and the medical committees of the 
Confederation of North, Central American and Caribbean Association Football (CONCACAF) 
(North and Central America, 2000, 2001), Asian Football Confederation (AFC) (Asia, 2001, 
2002, 2005), and Confederation Africaine de Football (CAF) (Africa, 2003, 2004). During 
2005, meetings were conducted with the newly established Oceania Football Confederation 
(OFC) Sports Medical Committee and Confederación sudamericana de Fútbol (CONMEBOL) 
with the aim of harmonising doping control procedures, improving the understanding of the 
scientific background of doping, and enhancing the FIFA network of doping control officers 
(DCOs) who fulfil educational duties as a part of their responsibilities [06001]. 
 
According to the statistics of the International Olympic Committee (IOC) (until 2003) and 
WADA accredited laboratories (as of 2004), approximately 20 750 doping controls are 
performed annually on football players. The majority of the controls are done in Europe and 
North and South America. The numbers of doping controls continue to increase in the other 
confederations. In this respect, FIFA developed its own database to keep records on the 
substances being reported as positive to allow online control of management of these 
samples within the different confederations and member associations. During 2004 and 
2005, 88 (0.42 % based on the assumption of 20 750 samples per year) and 78 (0.37 %) 
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positive samples, respectively, were registered at FIFA. The increase is probably because of 
improved reporting systems used by the laboratories as a result of the implementation of 
WADA (March 2004). The majority of the positive cases were detected or reported by the 
European laboratories which receive most of their samples from the European national 
associations [06001]. 
 

The FIFA database will allow a continuous crossȤcheck with the WADA database (ADAMS, 
AntiȤDoping And Management System), once that is operational, not only to control the 
reporting system of the WADA accredited laboratories, but also to allow prospective studies 
on sanctions related to the different substances, the severity of the violation, or both. Just 
before the FIFA World Cup in France in 1998, a number of well known players tested positive 
for small amounts of nandrolone metabolites in their urine. Nandrolone (chemical name 
nortestosterone) is an anabolic steroid often encountered in bodybuilding doping cases. In 
general, this compound is taken in high doses and its degradation products (metabolites) 
remain detectable in urine for up to several months. Before the 1998 World Cup, FIFA 

commissioned an independent antiȤdoping laboratory (LAD) to carry out a collaborative study 
to obtain a true picture of the situation in football. With the agreement of national and 
international bodies, every player from every team in the top national leagues in Switzerland 
(A and B leagues) was tested after a game (356 players in total over two weekends) in 
collaboration with the Swiss antiȤdoping committee. The results were compared with those 
obtained by testing amateur footballers and students. Without revealing anything about the 
origin of these products, the study showed some players had nandrolone metabolites in their 
urine after the game. The traces of metabolites in the urine of those players were very small, 
and all were below the limits of a positive reading. On the basis of this study, FIFA was able 
to organise the antiȤdoping programme for the 1998 World Cup with a degree of assurance 
to provide reliable information to the competing teams to rule out any occurrence of false 
positive tests. With FIFA's support, this study into nandrolone and its derivate substances 
continued. Extraordinary variability in excretion was shown, making the relation between 
dosage, time delay, and urine concentration critical. Involvement of a world governing body 
in such a research programme is essential if any worthwhile progress is to be made in this 
area. The players can also be given the assurance that, scientifically and ethically, they start 
a match on an equal ñplaying fieldò with their opponents as far as doping is concerned 
[06001]. 
 

Future challenges 
 
In 2006, FIFA launched a new developmental programme, the Futuro III. The FIFA Medical 
Committee undertook to implement the mandate of Mr Joseph S Blatter, President of FIFA, 
and the FIFA Executive Committee, to educate more than 3000 physicians worldwide in 
football medicine over the next three years. AntiȤdoping education is an integral part of the 
instructional courses, which were launched in February 2006 in Oceania and then held again 
at the CONMEBOL confederation (South America) in April 2006. The active participation 
within the instructional courses will entitle physicians to become members of the worldwide 
network of FIFA medical officers, not only to deal with optimal management and prevention 
of injuries, but also to act as FIFA doping control officers throughout the 207 member 

associations of FIFA in collaboration with their national antiȤdoping organisations. In this 
respect, FIFA is of the opinion that the doping control programmes have to be carried out by 
the members of the international sports federations and are obligatory for physicians. There 
is no need to delegate this important work to commercial companies. The experience of FIFA 
clearly indicates that employing physicians to perform the doping controls is not only effective 
but can be done at low cost and most probably will reduce the risk of potential corruption as 
the physicians have to follow their professional ethical codes of conduct and have 
medicolegal constraints. Another challenge is the continuous search for identification of new 
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performance enhancing drugs being distributed on the market via the internet and in this 
respect medical science, in close collaboration with laboratory experts and the scientific 
committee of the World AntiȤDoping Agency, might help to identify possible new drugs and 
sanction their misuse accordingly. Arguably the major challenge for the future lies in genetic 
doping and its detection. There is no doubt that we cannot stop the development of medical 
science as the development of altered genetic information seeks to benefit the many patients 
with incurable diseases. Yet it could be hypothesised that this scientific advancement might 
be misused for performance enhancement in sport. In this regard, the education and 
cooperation of team physicians forms a crucial link in the chain to prevent athletes adopting 
such strategies [06009]. 
 
The lowering of the threshold for the ratio of testosterone to epitestosterone (T/E) from 6 to 4 
has led to intense discussion with the accredited laboratories and raised concerns on behalf 
of FIFA. According to the FIFA database 2005 none of the samples with elevated ratios 
between 4 and 6 showed evidence of exogenous intake in the gas chromatography isotope 

ratio mass spectrometry (GCȤIRMS) tests. In face of the logistic impact and additional costs 
FIFA should strongly advocate detailed statistical analysis of the WADA data, examining the 
incidence of exogenous intake of testosterone in samples with T/E ratios between 4 and 6. 
Furthermore, legal difficulties arise in cases where the T/E ratio is between 4 and 6 but 
GCȤIRMS does not verify exogenous intake [06002]. 
 
Recent years have shown a constant increase of positive tests for recreational drugs. While 
this finding reveals rather a social than a doping problem in the sense of the word, an 
important legal aspect has to be considered too: the consumption of marihuana presents a 
severe offence against the law in some countries especially in Africa and Asia, even if 
consumed abroad. Here, the publication of a positive result may lead to serious 
consequences for the respective player including a prison sentence. AntiȤdoping bodies 
should therefore carefully reconsider the unconditioned ban of recreational drugs, preferably 
based on a juridical expert's opinion [06002]. 
 

While the World AntiȤDoping Code and the Doping Control Regulations of FIFA offer a 
comprehensive basis for the fight against doping, the permanent progress in the 
development of new substances as well as laboratory methods calls for regular review and 
update of adopted policies. Whereas harmonisation of the strategies of national and 

international antiȤdoping agencies is reinforced, the legislation and politics of different 
countries constitute a permanent obstacle. Any regulation concerning medicolegal aspects 
should therefore be based on scientific evidence and juridical expertise and has to be 
supported by close collaboration of national and international bodies [06002]. 
 
 

WADA-accredited d oping laboratories  
 
In 2013 there were 35 WADA-accredited laboratories. Their locations were [13003]: 
 
Continent (n)           County (city) 

Asia (6) China (Beijing), India (New Delhi), Japan (Tokyo), Korea (Seoul), Malaysia 
(Penang), Thailand (Bangkok) 

Africa (2) Republic of South Africa (Bloemfontein), Tunisia (Tunis) 

Australia (1) Australia (Sydney) 

Europe (20) Austria (Seibersdorf), Belgium (Ghent), Czech Republic (Prague), Finland 
(Helsinki), France (Paris), Germany (Cologne and Kreischa), Great Britain 
(London), Greece (Athens), Italy (Rome), Norway (Oslo), Poland (Warsaw), 
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Portugal (Lisbon), Romania (Bucharest), Russia (Moscow), Spain (Barcelona 
and Madrid), Sweden (Stockholm), Switzerland (Lausanne), Turkey (Ankara)  

North 
America (3) 

Canada (Montreal), United States (Los Angeles and Salt Lake City) 

South and 
Central 
America (3) 

Brazil (Rio), Colombia (Bogota), Cuba (Havana) 
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EPIDEMIOLOGY OF DOPING 
 
Given the profile of drug use in high-performance sport, it is left to wonder about the use of 
anabolic steroids in the playgrounds, gymnasia and arenas of our neighbourhoods. However, 
several years ago, it was noted that the use of anabolic steroids had crept into community 
sport [014]. A recent survey documented that 3.7 percent of grade 12 Canadian students 
reported having used steroids [08020].  
 
The use of anabolic-androgenic steroids (AAS) by young athletes has been a primary 
concern of sports governing bodies because of the implications for unfair advantage in 
performance and the potential for adverse side effects. Research over several decades 
indicated a lifetime prevalence of AAS use for adolescent males of 4-6 percent and for 
females of 1½-3 percent, indicating a problem involving millions of athletes and a potential 
epidemic of AAS-related pathologies. However, recent studies have questioned the 
presumption that participation in organised sport is the primary risk factor for AAS use in 
adolescents as well as the extant estimates of the magnitude of the problem. Increasing 
evidence indicates that AAS use is associated with non-athletes and is linked to a broader 
syndrome of problem behaviours rather than efforts to achieve sporting success, and that 
sports participation may be protective against AAS use. Moreover, employing lifetime 
prevalence to gauge AAS use limits accurate evaluation of the personal and public health 
risk as the majority of respondents are not habitual users. Previous studies may have also 
inflated prevalence values through ambiguously worded survey questions and other design 
flaws, and few data are available on actual dosages. Prevention efforts need to be focused 
beyond organised sport and target the general adolescent population rather than athletes 
and should be founded on interventions with demonstrated efficacy for delinquent, antisocial 
and self-destructive behaviours rather than the ethical imperative of fair play [10017]. 

 
There is evidence to suggest that the prevalence of anabolic-androgenic steroids (AAS) is 
higher among young people than the general population. The purpose of one study was to 
examine the proportion of students who reported lifetime and past-year AAS use, explore 
other drug use among those who reported AAS use, and investigate demographic correlates 
of AAS use. Data was taken from a cross-sectional survey of a representative sample of 
Australian secondary students. A stratified two-stage probability sampling methodology was 
employed and schools were randomly sampled from each Australian State and Territory. A 
total of 376 schools participated in the survey. Lifetime AAS use was reported by 2.4% of 12-
17-year-old students; use was more common among 12-15-year olds then 16-17-year olds. 
Regardless of age, being male, speaking a language other than English at home, not be at 
school on the previous school day, and rating own scholastic ability as below average were 
all associated with a greater likelihood of using AAS in their lifetime and in the past year. 
Those who reported AAS use also reported the use of a range of other substances, 
suggesting that AAS use may be part of a broader experimentation with substances. 
Interventions towards these groups regarding AAS may best be placed within a larger 
substance use intervention rather than being AAS-specific. In light of the low levels of AAS 
use among this group, more detailed research into AAS use among adolescent sporting 
groups may be warranted [10317]. 
 

 
Estimated number of unreported cases  
 
Recent studies have suggested that the use of doping substances and particularly of 
anabolic androgenic steroids (AAS) is often practised by fitness centre visitors. These 
studies employed direct interview techniques and questionnaires to assess the estimated 
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number of unreported cases of doping. Because people hesitate to provide compromising 
information about themselves, these techniques are subject to response errors. In one study 
it was applied an alternative interview technique to assess more accurately unreported cases 
of doping in fitness centres. The investigation employed the randomized response technique 
(RRT) to reduce response errors. A cohort of 500 people from 49 fitness centres participated 
in this study. The RRT revealed a high prevalence of doping (13 %). In addition, and most 
importantly, the present RRT study revealed an alarmingly high prevalence of illicit drug use, 
specifically of cocaine use, that has been severely underestimated by previous studies. The 
RRT confirmed previously estimated rates of AAS use assessed by direct interview 
techniques and voluntary questionnaires, but uncovered a much higher usage rate of illicit 
drugs among fitness centre visitors. This outcome enabled us to construct a 'probability' 
rating for the use of doping substances in fitness centre visitors. Given its high prevalence 
and the predominant use of AAS, doping among fitness centre visitors is an issue of extreme 
relevance for the health care system. The study may help to characterize further doping 
substance users and to develop and apply prevention and intervention programmes 
specifically to individuals at high risk [06019]. 

 
 
Doping in the community  
 
Prevalence of abuse of androgens in individuals of the general population has reached 
alarming dimensions. Use of androgens is no longer limited to competitive sports, but has 
spread to leisure and fitness sports, bodybuilding, and nonathletes motivated to increase 
muscular mass and physical attractiveness. Alarming studies from Germany demonstrated 
that members of the healthcare systems provide illegal androgens to 48 percent of abusers 
visiting fitness centers. The new trend to combine androgens with growth hormone, insulin, 
and insulinotropic milk protein-fortified drinks may potentiate health risks of androgen abuse. 
The use of androgens has changed from being a problem restricted to sports to one of public 
health concern. The potential health hazards of androgen abuse are underestimated in the 
medical community, which unfortunately contributes to illegal distribution of androgens. Both 
the adverse effects of current androgen abuse especially in young men as well as the 
chronic toxicity from past long-term abuse of now middle-aged men has to be considered as 
a growing public health problem. In the future, an increasing prevalence of androgen misuse 
in combination with other growth-promoting hormones and insulinotropic milk protein 
products has to be expected, which may have further promoting effects on the prevalence of 
chronic western diseases [09018]. 
 
The incidence of the abuse of illicit drugs in sport may be a useful indicator of the extent of 
the phenomenon among the youth population. Many drugs of abuse are included in the 
WADA (World Anti-Doping Agency) Prohibited List, and are therefore routinely tested for in 
antidoping controls. This study presents the data obtained in tests carried out in the period 
2003- 2007 at the Antidoping Laboratory of Rome, on 44781 samples analysed. The 
methods used are those developed by the Laboratory for routine antidoping analyses. The 
percentage of positive test results ranges from 1.1 to 2.0 percent, with a high incidence of 
stimulants and drugs of abuse. The substance most frequently found is THC metabolite, 
which accounts for 0.2-0.4 percent of the total, followed by cocaine metabolites, accounting 
for 0.1 percent. Other stimulants found are ephedrines, carphedon, modafinil, and anorexic 
compounds such as phendimetrazine and norfenfluramine. No amphetamines or 
amphetaminelike designer drugs have been detected. These data may be indicative of the 
widespread incidence of cocaine and cannabis abuse among the young Italian population, 
bearing in mind that the phenomenon is underestimated in this study, due to the fact that 
drugs of abuse are investigated only in samples involved in competitive sport, and especially 
to the fact that people doing such activities take more care of their health and are subject to 
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greater control in their behaviour and habits with respect to the ñnormalò population [09019]. 
 
Pioneering studies regarding epidemiology of doping in the US were done in the early 1980s, 
when it was interviewed 3403 male high school seniors nationwide [08021]. The report in 
1988 indicated that 6.6 percent of respondents had used steroids and more than two-thirds 
of the group started using steroids when they were 16 years old or younger. Twenty percent 
reported that health professionals were the primary source for obtaining steroids and 38 
percent used injectable steroids. Pope et al studied 1,010 college men for use of steroids 
and also reported their findings in 1988 [08022]. The study found that only 2 percent of the 
respondents reported using steroids. The authors qualified their finding as potentially 
underestimating the true prevalence of steroid abuse. A review of published reports 
concluded that 3-12 percent of high school students in the 1990s used steroids, and of the 
group of abusers about half were adolescent females [08023, 08024].Contrary to popular 
belief and supported by Pope's early findings, steroid abuse is not exclusively related to 
performance enhancement. DuRant et al reported in 1993 that steroid abuse in ninth graders 
was associated with use of cocaine, injected drugs, alcohol, marijuana, cigarettes and 
smokeless tobacco [08023]. They then reviewed the 1991 Centers for Disease Control and 
Prevention Youth Risk Behavior Survey of over 12,272 male and female public and private 
high school students, and confirmed the earlier finding that there is an association between 
steroid abuse and multiple drug abuse. In a later review of the 1997 Centers for Disease 
Control and Prevention Youth Risk Behavior Survey of 16,262 high school students, Miller et 
al reported no significant correlation in male or female steroid-abusing high school students 
with physical activity, nor were athletic participation or strength conditioning alone associated 
with lifetime steroid abuse [08024]. Steroid abuse may also include a wider population of 
non-athletes who have behavioral problems and may experiment with these now easily 
available performance-enhancing drugs. Their motivation may not be athletic enhancement, 
but rather cosmetic and body shaping purposes. To maintain youthful appearances, 
weekend athletes may experiment with hormones encouraged by "anti-aging" marketing, 
while adolescent females desirous of the long, lean female media images of "adult women" 
may use steroids and growth hormon to reduce fat and increase muscle tone [08025]. 
 
Drug abuse by adolescents has been investigated in various surveys that reported 
correlations between age, gender, and activity. However, none of these studies included 
chemical analyses to help substantiate the statements of participants. In one study, the urine 
specimens of 964 students (439 females, 525 males; mean age 22 years), who applied to 
study sports sciences at university, were assessed for anabolic steroids, stimulants, and 
selected drugs prohibited in sports. In total, 11 percent of the urine specimens provided 
contained drugs covered by doping controls. The most frequently detected compound was 
the major metabolite of tetrahydrocannabinol (9.8 %) followed by various stimulants related 
to amphetamine and cocaine (1.0 %). Indications of anabolic steroid use were found in 0.4 
percent of urine samples but originated from contraceptives containing norethisterone. The 
present study provided unambiguous data on the status quo of drug (ab)use by adolescents 
hoping for a career related to elite sport or sports sciences. No use of anabolic steroids was 
detected. However, evidence for stimulants and tetrahydrocannabinol administration was 
obtained, although not reported by any participant, which highlights the issue of under-
reporting in surveys based solely on questionnaires [08026].  
 
The 1999 cross-sectional European School Survey Project on Alcohol and Other Drugs 
(ESPAD). Data collection by standardized methodology using anonymous self-administered 
questionnaires completed in the classroom from national probability samples of a total of 
18,430 16-year-old high school students from six European countries (Bulgaria, Croatia, 
Cyprus, Greece, the Slovak Republic, and the U.K.) Besides anabolic steroid use and 
physical exercise, questionnaire items selected for this study included tobacco, alcohol, and 
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illicit drug use, indicators of other deviant behavior (self-harming thoughts and behavior, 
truancy, aggressive behavior), friends' use of steroids, and perceived availability. Backward 
elimination with likelihood ratio tests was used to select the variables to be retained in a 
mutlifactorial model. Interactions of other independent variables with country were checked. 
Logistic regression analysis of lifetime anabolic steroid users compared to nonusers showed 
that the odds of lifetime AS use are 1.4 times higher for students who exercise almost daily 
and 1.8 times higher for boys compared to girls. Significant associations of steroid use were 
also found with current frequent alcohol use, lifetime use of tranquilizers/sedatives and 
cannabis, and with the perceptions of friends' use of anabolic steroid and of easy availability 
of the substance. The authors concluded that findings indicate that daily exercising appears 
to increase the risk of anabolic steroid use in adolescents. However, a more general pattern 
of closely interlinked deviant types of behavior, such as other drug use and aggressive 
behavior, is prominent. Preventive interventions are needed targeted towards adolescents 
involved in intensive exercise and sport. These should take into account both the 
idiosyncrasy and setting of the sporting culture and the special characteristics of this group 
[08027]. 
 

 
Epidemiological confounding factors  and false consensus effect (FCE)  
 
The ñFalse Consensus Effectò (FCE), by which people perceive their own actions as 
relatively common behaviour, might be exploited to gauge whether a person engages in 
controversial behaviour, such as performance enhancing drug (PED) use. In a study it was 
assumed that people's own behaviour, owing to the FCE, affects their estimation of the 
prevalence of that behaviour. It was further hypothesised that a person's estimate of PED 
population use is a reliable indicator of the doping behaviour of that person, in lieu of self-
reports. Over- or underestimation was calculated from investigating known groups (i.e. users 
vs non-users), using a short questionnaire, and a known prevalence rate from official reports 
or sample evidence. It is proposed that sample evidence from self-reported behaviour should 
be verified using objective biochemical analyses. In order to find proofs of concept for the 
existence of false consensus, a pilot study was conducted. Data were collected among 
competitive UK student-athletes (n=124) using a web-based anonymous questionnaire. User 
(n=9) versus non-user (n=76) groups were established using self-reported information on 
doping use and intention to use PEDs in hypothetical situations. Observed differences in the 
mean estimation of doping made by the user group exceeded the estimation made by the 
non-user group (35 % vs 15 % for general doping and 34 % vs 26 % in hypothetical 
situations, respectively), thus providing preliminary evidence in support of the FCE concept in 
relation to doping. The presence of the ñFalse Consensus Effectò in estimating doping 
prevalence or behaviour in others suggests that the FCE based approach may be an avenue 
for developing an indirect self-report mechanism for PED use behaviour. The method may be 
successfully adapted to the estimation of prevalence of behaviours where direct self-reports 
are assumed to be distorted by socially desirable responding. Thus this method can enhance 
available information on socially undesirable, health compromising behaviour (i.e. PED use) 
for policy makers and healthcare professionals. The importance of the method lies in its 
usefulness in epidemiological studies, not in individual assessments [00828]. 
 
The false consensus effect (FCE) is the tendency for people to assume that others share 
their attitudes and behaviours to a greater extent than they actually do. The FCE has been 
demonstrated for a range of health behaviours, including substance use. The study aimed to 
explore the relationship between elite athlete's engagement in recreational drug use and their 
consensus estimates (the FCE) and to determine whether those who engage in the 
behaviour overestimate the use of others around them. The FCE was investigated among 
974 elite Australian athletes who were classified according to their drug use history. 



 

 

 

 

 

186 

 

Participants tended to report that there was a higher prevalence of drug use among athletes 
in general compared with athletes in their sport, and these estimates appeared to be 
influenced by participants' drug use history. While overestimation of drug use by participants 
was not common, this overestimation also appeared to be influenced by athletes' drug use 
history. The results suggest that athletes who have a history of illicit drug use overestimate 
the prevalence of drug use among athletes. These findings may be helpful in the formulation 
of normative education initiatives [12028]. 
 
The false consensus effect (FCE) is the tendency for people to assume that others share 
their attitudes and behaviours to a greater extent than they actually do. The FCE has been 
demonstrated for a range of health behaviours, including substance use. The study aimed to 
explore the relationship between elite athlete's engagement in recreational drug use and their 
consensus estimates (the FCE) and to determine whether those who engage in the 
behaviour overestimate the use of others around them. The FCE was investigated among 
974 elite Australian athletes who were classified according to their drug use history. 
Participants tended to report that there was a higher prevalence of drug use among athletes 
in general compared with athletes in their sport, and these estimates appeared to be 
influenced by participants' drug use history. While overestimation of drug use by participants 
was not common, this overestimation also appeared to be influenced by athletes' drug use 
history. The results suggest that athletes who have a history of illicit drug use overestimate 
the prevalence of drug use among athletes. These findings may be helpful in the formulation 
of normative education initiatives [11012]. 
 
Despite the growing body of literature and putative links between the use of ergogenic 
nutritional supplements, doping and illicit drugs, it remains unclear whether, in athletes' 
minds, doping aligns with illicit behaviour or with functional use of chemical or natural 
preparations. To date, no attempt has been made to quantitatively explore athletes' mental 
representation of doping in relation to illegality and functionality. A convenience sample of 
student athletes from a large Australian university responded to an on-line survey. 
Competitive athletes (n=46) were grouped based on self-reported use as follows: inone used 
(30 %), supplement only (22 %), illicit only (26 %) and both supplements and illicit drug use 
(22 %). Whereas no athlete reported doping, data provided on projected supplement-, 
doping- and drug use by the four user groups allowed evaluation of doping-related cognition 
in the context of self-reported supplement- and illicit drug taking behaviour; and comparison 
between these substances. The False Consensus Effect was found for illicit substance use 
and was evident as a trend for ergogenic supplement use. It is unclear whether the results 
point to a relationship between doping and either or neither of the other substances. The 
results associated with respondents who used supplements suggested that doping estimates 
may be influenced by ergogenic supplement use. Individuals who used supplements tend to 
inflate the percentage of individuals who dope but to a much smaller degree than those who 
use other substances. In addition to these main results, illicit drug use and doping were 
overestimated. This indicates that, self-report notwithstanding; Australian university athletes 
may have unrealistic perceptions of illicit drug use and doping. While the pilot nature of this 
study, especially the small sample, curtails generalisability. The results are therefore 
interpreted under a generalisability caveat and are intended to inform the broader research 
program with regard to the observed trends. The presence of the FCE within rather than 
between substances provides an indication that nutritional supplement use and illicit drug 
use come from different behavioural domains. Individuals who admitted using one particular 
type of drug tend to inflate the percentage of individuals who uses the same drug to a much 
larger degree than those who use other substances. This suggests the FCE could provide an 
expedient way of identifying when interventions designed to influence one behaviour could 
influence another. The results indicate that interventions aimed at illicit drug use are unlikely 
to have much effect on supplement use, and vice versa. Estimates of those who used both 
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supplements and illicit drugs were more akin to illicit drug users, suggesting illicit drug use 
may be a dominant behavioural domain. Users of ñbothò illicit drugs and nutrition supplement 
gave similar social projections (67 %) for illicit drug use to the projected figure of those who 
use illicit drugs only (74 %), compared to a definitely lower estimate (55 %) given by nutrition 
supplement-only users, suggesting that users of 'both' may have behaved like illicit drug 
users due to that domain requiring a different psychological mechanism. For example, users 
of both may do so as a function of substance use, whereas supplement only users may do 
so for ergogenic reasons. The dominance of illicit drug use may have implications for the 
domain specificity of doping behaviour. A reversed pattern was observed for nutrition 
supplement use projection, where nutrition supplement-only users gave higher estimation (46 
%) compared to those who use both (34 %), thus providing further evidence that in mixed 
behavioural categories, and the self-anchored behavioural domain is context specific. This 
pilot study provided an indication that harnessing the FCE might be a fruitful avenue to 
further examine whether doping behaviour has more in common with illicit drug use or 
ergogenic supplement use. The pilot nature of the study suggests that doping may be an 
ergogenic phenomenon, however further testing with an improved research design and 
sample is needed to establish any such claim. The importance of having a precise picture of 
the mental representation of doping is underscored by the increasing need for effective anti-
doping prevention and intervention. Further research is required to establish if some athletes 
project their own behavioural tendencies or actual behavior onto other athletes and assume 
that many others feel or do the same and indeed are using prohibited performance 
enhancing substances. As a consequence, their own doping tendency or behaviour appears 
normal and normative, so that they can follow it without compromising their own self-esteem 
and social acceptance. In this vein, FCE has importance beyond being a useful vector to 
understanding the position of doping in athletes' minds. These considerations, coupled with 
the mental representation of doping in athletes' minds, suggest possible intervention 
strategies to increase compliance with anti-doping initiatives [11013]. 
 
One of the key constraints in designing effective anti-doping programs is the lack of 
conceptual clarity of the psychological mechanisms that influence doping behaviour. For 
example, preventing doping use in sport on the basis of fair play versus cheating naturally 
lends to prevention and intervention programs that focus on the ethics of anti-doping and 
values, coupled with the consequences of being caught ï not necessarily limited to sanctions 
but including dishonour, shame and guilt. Other programs may emphasise the potential 
hazards and detrimental health effects as consequences of doping use, which are 
omnipresent, independently from doping testing and sanctioning. In the recent years, a 
number of athletes have talked publicly about their reasons and motives for doping use, 
contrasting perceived obligations and duty to perform well with guilt and the shame of lying. 
Studies conducted among professional athletes, particularly cyclists, offer valuable insight 
into how athletes perceive doping; and how this perception varies in different contexts. In 
addition to the fact that many athletes consider doping as part of professional sport, most 
openly talk about experimentation with non-prohibited substances such as over-the-counter 
painkillers and non-steroidal anti-inflammatory drugs, caffeine and other non-prohibited 
stimulants. Nutritional supplement use, which has been considered as a gateway to doping 
by many is common among emerging and elite athletes and has raised concerns on its own 
account owing to potentially harmful interactions from combined use and high dosage. The 
question of whether doping behaviour has the character of illicit substance use, ergogenic 
substance use, neither or both has been recently raised in connection with anabolic steroids. 
The ongoing debate is around whether the use of prohibited ergogenic substances aligns 
with behaviours associated with illicit substance use (e.g. psychoactive controlled drugs) or 
with nutritional (ergogenic) supplement use. Resolving which behavioural domain doping 
belongs in athletes' mind provides valuable insight for primary prevention activity. As doping 
has been categorised as an illicit (illegal) activity, it follows illicit drug models. Thus, the 
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current anti-doping prevention follows typical demand control models seen for illicit drug use 
that focus on health education. It may be that the behaviour is functional with regard to its 
performance enhancing qualities. There is currently little in the way of ergogenic supplement 
primary prevention. Finally, doping may be an entirely new class of drug use behaviour, 
requiring a new set of primary prevention activities to be developed [11013]. 
 
Previous results investigating social projection in performance enhancing and illicit drug use 
suggest that projected prevalence of doping and drug use was higher among self-admitted 
users respectively but absent for nutritional supplement use, and that this social projection 
was domain specific. Domain specificity refers to an observed phenomenon that admitted 
doping use came with high estimations of doping use among other athletes with illicit drug 
use remaining unaffected; and conversely illicit drug users gave higher estimations of illicit 
drug use among others with estimated doping use remaining unaffected. Although 
differentiating between cause and effect between social projection and behaviour in data 
from cross sectional research is impossible, the relationship is clearly present in self-reported 
data. Interestingly, this phenomenon is only observable within the cognitively controlled 
information when athletes admitted the use of one or both of these drugs. The importance of 
the social project lies with the question of whether an elevated and potentially distorted social 
projection leads to a congruent behavioural choice or resulted from it. The fact that social 
projection aligns with self-reported behaviour but not necessarily with actual behaviour is 
intriguing, but more importantly it reveals something about athletes' cognitive processes 
relating to these substances. Thus, this may be used to gain insight into athletes' implicit 
mental representation of these, often concomitantly used, substances. Descriptive norms are 
individuals' perceptions of how common a particular behaviour is. These norms are likely to 
be affected by some degree of projection (i.e. x % of athletes use doping). In particular, the 
projection may suffer from a social bias coined the ñFalse Consensus Effectò (FCE) which 
peoples' perception of their environment (including the behaviours of others) is distorted, thus 
resulting in a higher estimation. The FCE is a perceptual bias where people who engage in 
particular behaviours tend to overestimate the proportion of the population who also engage 
in that behaviour. People who abstain either underestimate or correctly estimate prevalence. 
For example, marijuana users tend to overestimate the proportion of the population who use 
marijuana, and non-users are more accurate or underestimatec. A further characteristic is 
that the FCE is domain specific as it works within rather than across different categories or 
domains of behaviour. Therefore, if doping was an ergogenic phenomenon, users of 
nutritional supplements should overestimate doping and vice versa (the positive case). 
Conversely if doping belongs to another domain, then the estimates of doping would occur 
independently of nutritional supplement use (the negative case). This suggests the 
relatedness of doping with either illicit or ergogenic substance use behaviours can be 
determined by emergent patterns of the FCE across behaviours. It may be assumed mutually 
exclusive categories (i.e. a nutritional supplement user is not a doping user or illicit drug user, 
etc.). In reality, it is likely that athletes use substances from two or even all three of these 
substance categories, thus making mixed categories with testable differences in their 
estimations of drug, doping and nutrition supplement use. For example, athletes construct 
doping as illicit drug use and therefore athlete illicit drug users also overestimate doping. The 
legality of the substances may have a confounding influence [11013].   

 
 
Elites  
 
High use of medication and nutritional supplements has been reported in several sports. To 
document the use of prescribed medication and nutritional supplements in female and male 
junior, youth, and adult track and field athletes depending on their sports discipline a 



 

 

 

 

 

189 

 

descriptive epidemiology study was performed. Analysis of 3 887 doping control forms 
undertaken during 12 International Association of Athletics Federations World 
Championships and 1 out-of-competitions season in track and field was done. There were 6 
523 nutritional supplements (1.7 per athlete) and 3 237 medications (0.8 per athlete) 
reported. Nonsteroidal anti-inflammatory drugs (NSAIDs; 0.27 per athlete, n=884), 
respiratory drugs (0.21 per athlete, n=682), and alternative analgesics (0.13, n=423) were 
used most frequently. Medication use increased with age (0.33 to 0.87 per athlete) and 
decreased with increasing duration of the event (from sprints to endurance events; 1.0 to 
0.63 per athlete). African and Asian track and field athletes reported using significantly fewer 
supplements (0.85 vs 1.93 per athlete) and medications (0.41 vs 0.96 per athlete) than 
athletes from other continents. The final ranking in the championships was unrelated to the 
quantity of reported medications or supplements taken. Compared with middle-distance and 
long-distance runners, athletes in power and sprint disciplines reported using more NSAIDs, 
creatine, and amino acids, and fewer antimicrobial agents. The use of NSAIDs in track and 
field is less than that reported for team-sport events. However, nutritional supplements are 
used more than twice as often as they are in soccer and other multisport events; this 
inadvertently increases the risk of positive results of doping tests. It is essential that an 
evidence-based approach to the prescribing of medication and nutritional supplements is 
adopted to protect the athletes' health and prevent them from testing positive in doping 
controls [09020]. 
 
The aim of one study was to describe qualitatively and quantitatively dietary supplements 
and medication use in elite athletes. Athletes (n=912) reported medications and dietary 
supplements taken within 3 days before doping control. It was analyzed data collected from 
2006 to 2008, indentified and classified substances. Total of 75 percent athletes reported use 
of at least one substance, 61 percent took dietary supplements (3.2 per user) and 41 percent 
took medications. Among users, 21 percent reported the use of six and more different 
products, and one took 17 different products at the same time. Majority of medication users 
took non-steroidal anti-inflammatory drugs (NSAID) (25 %), and 22 percent used more than 
one NSAID. It was found no gender differences in dietary supplements use. Individual sport 
athletes used more dietary supplements. The study showed widespread use of dietary 
supplements and drugs by elite athletes in Serbia. Consumption of dietary supplements with 
no evident performance or health benefits, demonstrated the need for specific educational 
programs focused on dietary supplements use. Amount, quantity and combination of the 
reported products raised concern about the risk of potential side effects [09021]. 
 

 
Use of drugs during the Olympics  
 
It was gathered data and examined the use by elite Olympic athletes of food supplements 
and pharmaceutical preparations in total and per sport, country, and gender in the Athens 
2004 Olympic Games. Data from two sources were collected: athletes' declaration of 
medications/supplements intake recorded on the Doping Control Official Record during 
sample collection for doping control, and athletes' application forms for granting of a 
therapeutic use exemption (TUE) and through the abbreviated TUE process (aTUE). 24 
percent of the athletes tested for doping control declared no use of medications or food 
supplements. Food supplements (45 %) continue to be popular, with vitamins (43 %) and 
proteins/aminoacids (14 %) in power sports being most widely used. Nonsteroidal 
antiinflammatory agents and analgesics were also commonly used by athletes (11 % and 4 
%, respectively). Laboratory analysis data reveal that of the aTUEs received for inhaled 
glucocorticosteroids, only budesonide was detectable in significant percentage (10 %). Only 
7 percent of the 445 athletes approved to inhale beta2-agonists led to an adverse analytical 
finding [09022]. 




