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i i % The use of prohibited substances by 
athletes has been controlled for nearly thirty 
years, mainly by conducting tests on urine sam­
ples provided in-competition or out-of-competi-
tion. The athlete found guilty of a doping 
offence has the right to appeal the decision 
through administrative procedures. Whenever an 
adverse finding is litigated, all aspects of the 
testing are challenged including in numerous 
instances, the scientific basis of the test no 
matter whether the substance is purely synthetic 
or can normally be found in the body fluids One 
of the duties of the lAAF Doping Commission is 
to evaluate the reported positive finding and to 
recommend action. In this paper it is described 
on which scientific ground a testosterone 
positive finding can be judged. 

!>9 

T Introduction 

Testosterone is a potent androgenic anabolic 
steroid of known abuse. Testosterone positive 
findings represent each year the highest number 
of anabolic agent cases reported by the IOC 
accredited laboratories. In 1992, the late Prof. 
Manfred DoNiKt (1) stated that the athletes 
involved in doping practices were increasingly 
using endogenous steroids such as testosterone 
in place of the synthetic steroids, more easily 
detected since the end of the 80's. The use of 
short acting preparations to shorten the detec­
tion period of time is also widespread. 

Other natural androgens such as dihydro-
testosterone (DHT). dehydroepiandrosterone 
(DHEA) and androstendione are now part of the 
"testosterone-enhancing" pharmaceutical arse­
nal. The last two steroids are direct biosynthetic 
precursors of testosterone and both can easily be 
obtained in theU.SJ\. 

Contrary to purely synthetic substances such 
as stanozolol, testosterone is naturally present in 
females and males and will be found in their 
urine samples. This implies that the proof re­
quired to conclude that testosterone was admin­
istered is more complex than the sole identifica­
tion of the substance in the specimens and that 
there must be documented evidence of an in­
creased T/E value and urinary testosterone con­
centration. 

Christiane Ayotte. Ph.D., Is a professor and 
Director of the IOC accredited Montreal Doping 
Control Laboratory of the National Institute of 
Scientific Research (INRS-Sante) in Canada. 
She is also a Member of the lAAF Doping 
Commission. 

l The T/E value: the probe indicating 
testosterone administration 

In 1983, DONiKF (1, 21 proposed, after studying 
the effects caused by the administration of 
testosterone, that the measure of its ratio to 
epitestostcrone, the 17a-epimer, be regarded as 
a diagnostic parameter in urine. Observations 
made on the athletic population (male and fe­
male) tested in Cologne and on samples collected 
during the Moscow and Lake Placid Games had 
shown that the mean and median T/E values are 
around 1-2 and that the vast majority of the 
ratios are found to be below 5,3, The IOC then 
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adopted the threshold of 
6. 

Although numerous 
attempts were made to 
underscore its useful­
ness, the T/E value is still 
the unchallenged criteri­
on of testosterone admi­
nistration. Fifteen years 
later, different groups 
witnessed its usefulness 
after studying several 
thousands of samples 
collected from male and 
female athletes of dif­
ferent ethnicity (4-7), 
Their statistical evalua­
tion confirmed values 
reported in 1983 by DoNiKE. 

On the other hand, considering only the values 
above 6 as positive creates false negative results. 
There are individuals for which normal T/E values 
are lower than 1 (7. 8), Studies have shown that 
some of these individuals receiving testosterone 
may still produce urine samples for which the 
threshold of 6 will not be reached (9, 10). This 
was clearly demonstrated in a group of Chinese 
volunteers for whom only the comparison of pre­
vious "basal-level" results would have enabled 
detection of the administration of testosterone 
(11), 

It is known that the T/E values of a given male 
individual's urine samples are stable and natural­
ly vary by less than 300/o from the mean and that 
the T/£ values of male athletes will not be affect­
ed by exercise, training, altitude (3-7). In females, 
due to the very low levels of both urinary testos­
terone and epitestostcrone, the individual T/E 
values show greater variation sometimes twice 
those observed in males (4, 13-16], However, the 
use of anabolic steroids such as stanozolol or of 
enzyme inhibitors can have an influence on the 
endocrine system and disturb the urinary steroid 
profile, including the T/E values (1, 17), 

Table 1 summarises the observations made on 
athletic populations in relation to their T/E val­
ues. 

It has been known since 1984 that few individ­
uals naturally produce urine samples in which 
elevated T/E values are systematically measured 
(3-7. 22-24). A low excretion of epitestostcrone 
glucuronide is frequently the cause of the elevat­
ed ratio most of the time found between 6 and 
10. This prompted the search of complementary 
markers such as the T/LH value (25, 26), the 
serum T/17a-hydroxyprogesterone value (27). the 
measurement of epitestosterone-sulphate (9, 28) 
and the use of ketoconazole to inhibit natural 

Table 1: Populations in relation to their T/E values 

Mates 
Cologne (18) n = 5000 
Montreal (7) n = 3700^ 
Indianapolis |5) n - 22806 

UCLA (16) n = 3700 
Females 
Cologne (18} n = 1700 
Montreal (19)n = 3.300-' 

UCLA (20) n = 8000 
Mates and Females 
Huddinge(12, 21) 

T/E v^ues 

reference timtt 97.5% . 5,2 
99% [» low 4.14 
99% below 6,5-7,0 
90% below 3-3,5 
99% belov^ 5.6 

reference lim.t 97,5% ; 6,3 
99% below 4.5 
99,8% below 6 
3 results higher than 6 

Ma,\es: 26 results higher than 6 
n = 8946 (- 30% of females) Females: 2 results higher than 6 

' correclBd (adjusted to 1,020) 
' not corrected 
^ excluding positive cases 
* including positive cases 

Testosterone concentration 

< i S O n g / m l ' 
99% below 225 ng/ftil 2 

< 60 ng/ml i 
99% t)elow 40 ng/ml 2 
99.9% Below 86 ng/ml ^ 

testosterone production (25), all of these howev­
er showing limitation. Other urinary parameters 
such as the A/T and the T/LH values are not 
indicative in every situation since they are not 
affected to the same extent as the T/E values and 
for an equally long period of time (7, 29), 
Moreover, following administration of oral DHEA 
and androstendione, the urinary concentration of 
androsterone and etiocholanolone increases 
noticeably rendering worthless the diagnostic 
value of the A/T (30, 31), Blood parameters can 
only be of some help if collection is made simul­
taneously to the urine specimen and this has not 
been the case. 

Lately, three different groups introduced a 
promising way to complement the T/E value mea­
surement proposing a procedure to discriminate 
between endogenous and exogenous testos­
terone using the difference observed in their 
respective content of '^c (32-34), This method 
now needs to be validated and its sensitivity 
must be improved. 

:i The def ini t ions o f a testosterone 
positive f inding 

When the IOC introduced testosterone on its 
list of banned substances, the sole measurement 
of a urinary T/E value above 6 was believed to be 
the result of the administration of testosterone 
or of the use of any other manipulation having a 
similar effect, Several years later in 1992, the 
definition was modified taking into account the 
natural conditions reported to have produced 
false positive results (35), A ratio higher than 6 
was considered to reflect the administration of 
testosterone "unless there is evidence that this 
ratio is due to a physiological or pathological 
condition. For T/E values between 6 and 10, the 
iOC Medical Commission recommends that fur­
ther tests be conducted before considering the 
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result as positive or negative. Such investigations 
may include: review of previous tests, endocrino-
logical investigaticms. unannounced testing over 
several months". 

For the lAAF, "the definition of a positive de­
pends upon the following: ihe administration of 
leslostcrone or the use of any other manipula­
tion having the result of increasing the ratio in 
urine of testosterone/epi testosterone". 

Since 1994 the IOC definition abandons the 
brackets of 6 and 10, considers all results greater 
than 6 as an offence and defines examples of 
"pathological or physiological conditions such as 
a low epitestostcrone excretion, androgene pro­
duction of tumour, enzyme deficiencies". Details 
of the mandatory investigation to be conducted 
are also given as "a full written report will in­
clude a review of previous tests, subsequent tests 
and any results of endrocrine investigations" (38). 

For the lAAF, the definition now reads as fol­
lows: "o sample will be deemed to be positive for 
testosterone where either the ratio in urine of 
testosterone to epitestosterone. or the concen­
tration of testosterone in urine, so exceeds the 
range of values normally found in humans as 
nut to be consistent with normal endogenous 
production" (39), This definition reflects accu­
rately the observations and studies made by re­
searchers, taking into account the individual nat­
ural condition and the effects of the different 
modes of administration of testosterone on the 
urinary steroids. It also makes possible the pre­
vention of the false negatives caused by a very 
low T/E basal level [vide supra] if proof is estab­
lished of an elevation higher than the individual's 
normal level, even though the threshold value of 
6 is not reached, 

4 The evaluntion of the elevated T/E 
value result 

4.1 Literature 

There is no indication given by the IOC on how 
to conduct the evaluation of these cases, neither 
is the description made of the endocrine investi­
gations to be obtained and therefore different 
interpretations coexist. For example, CARIN et a). 
(16) propose the measurements of serum CBC, 
HDL and LDL cholesterol, free and total testos­
terone, SHBG,DHT, FSH. LH and a complete med­
ical history and physical examination wi th 
emphasis on the hypothalamic-pituitary-testicu-
lar axis and the adrenal. For GEYER et al. (18), an 
endocrine study means establishing with urine 
samples collected during two days, the individ­
ual's reference range of T/E values and of the 
other steroid ratios related to testosterone 
administration (testosterone, epitestosterone. 

androsterone. etiocholanolone, LH). One blood 
sample is obtained during this period for the 
measure of the T/1 7-hydroxyprogesterone value. 
SE15UHA proposed discriminatory tests in both 
urine and blood samples including research of 
the testosterone ester administered (40) and 
measure of the epitestosterone sulphate (12). 
Other groups advocate the application of the 
ketoconazolone test (41), although many pointed 
out its inapplicability in many countries and the 
potential adverse effects. 

However, it is generally recognised that all 
these different forms of endocrine investigations 
are only needed when the analysis of the previ­
ous and subsequent test results and the compari­
son with the suspicious finding cannot provide a 
clear definitive answer. 

4.2 The actual protocol followed 

As stated above, the lAAF def ini t ion of a 
testosterone positive finding is either a urinary 
T/E ratio or a concentration of testosterone 
exceeding the range of values normally found in 
humans and not consistent with normal endoge­
nous production. It is therefore necessary lo 
analyse and compare the results of several sam­
ples given by the athlete. 

In 1993, DoNiKE et al. (6) gave a clear descrip­
t ion of how to conduct the evaluation of a 
reported positive finding. The investigation is 
aimed at determining if the measured T/E value is 
higher than the normal of the reference popula­
tion (population-based reference range) and of 
the given individual (subject-based reference 
range). In order to establish the individual's nor­
mal value, the mean, standard deviation and 
coefficient of variation of a minimum of three 
other T/E values of previous (if available) or sub­
sequent tests arc calculated excluding the suspi­
cious sample. If necessary, the samples can be 
collected under quarantine-like conditions. 

According to statistical definitions accepted in 
the field of clinical biochemistry, the individual's 
highest normal value expected can be calculated 
by adding to the mean value a defined number 
of times the standard deviation. This method 
constitutes the basis for the evaluation of report­
ed adverse findings by numerous responsible 
authorities. 

The variation of all the individual's T/E values 
gives, in most cases, a clear indication of a nor­
mal or abnormal situation. The administration of 
testosterone causes quite significant fluctuations 
in the T/E values and elevated variations of 67 to 
130% are observed (7, 11 ,12. 29). The period of 
time during which the T/E values remain elevated 
is highly variable depending upon the mode of 
administration (16). For example, after the intake 
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of oral testosterone undecanoate, the T/E values 
return to normal within 24 hours and only 
exceed the threshold of 6 for few hours (29). In a 
natural condition, the normal T/E values will vary 
by less than around 30% in males and up to 
around 60% in females. There are however bor­
derline cases reported for which some sport 
authorities required further investigations such 
as the ketoconazole test or endocrine studies. 

According to the lAAF definition, another evi­
dence of testosterone administration is a urinary 
concentration of testosterone exceeding the lev­
els normally found in humans. As reported earli­
er, the naturally elevated T/E values are in must 
instances due to a systematic low excretion of 
epitestosterone glucuronide whilst the concen­
tration of testosterone is normal. The abnormally 
elevated T/E value is due to an increased urinary 
testosterone concentrat ion. Two groups in 
Montreal and Cologne described the testosterone 
concentrations measured in athletes* samples 
taking into account the specific gravity of the 
specimens. Most of the IOC accredited laborato­
ries estimate the urinary concentration of testos­
terone and epitestosterone during screening pro­
cedures. Although not given by all with the same 
level of accuracy, the comparison of the testos­
terone concentration with the population and 
individual range has often provided highly valu­
able information, a sudden increase reflecting 
the administration of testosterone. 

Each year, around 10,000 to 15,000 tests are 
done by IOC accredited laboratories in Athletics. 
During 1993-1996, although this may not repre­
sent accurately all the detected positive findings, 
records indicate that about thirty-four elevated 
T/E cases (26 males, 8 females) were reported to 
the lAAF by the National Sport Authorities or the 
IOC accredited laboratories in accordance with 
the IOC Medical Code, In fourteen of these, the 
lAAF Doping Commission attributed the results to 
a natural excretion nf elevated T/E values whilst 
the others were given as positive. The opinion of 
the Doping Commission was formulated after 
reviewing the results according to the protocol 
developed by DoNiKt [cf. box next column). 

5 Potential loopholes and factors 
af fecl int j the urinary T/E value 

5.1 False negatives 

The use of testosterone may remain undetect­
ed. For example, the use of short acting prepara­
tions will drastically reduce the detection period, 
results returning to normal within a few hours. 
Secondly, the use of epitestosterone can mask 
more or less successfully the otherwise elevated 
T/E value especially if concentrations are not 

Protocol for elevated T/E values 

Step 1. Collection of information and comments 
f rom the laboratory report ing the 
adverse finding. A form is suggested to 
the laboratory. 

Step 2. Collection of available information on 
other previous or subsequent tests (min­
imum of three). 

Step 3. Evaluation of the T/E values: calculation 
of the mean value, the standard devia­
tion and the variation (%). 

Step 4. Evaluation of the concentrat ion of 
testosterone and epitestosterone taking 
into account the specific gravity of the 
specimens. 

Systematic natural excretion of ele­
vated T/E values. 

• The T/E values do not exceed 10-12 

• The variation of the values is normal 
e.g, below or around 30% in males 
and up to 60% in females 

• The concentration of testosterone 
glucuronide is not elevated or sud­
denly increased and the epitestos­
terone glucuronide is low. 

•Other available parameters of the 
steroid profile are normal 

Abnormal result: indication of testos­
terone administration 

•The T/E variation exceeds what is 
normally measured (vide supra) 

•The suspicious result differs from 
the subject normal T/E values. The 
highest T/E value expected is given 
by adding 3 to 5 (for females) times 
the standard deviation to the mean 
basal value (excluding the positive 
finding). 

•The concentration of testosterone is 
increased in the suspicious specimen 
taking into account the specific 
gravity. 

•The concentration of testosterone is 
found in the upper range or above 
of the measurements made on the 
athlet ic population of the same 
gender. 

Borderline result: benefit of the doubt 
Is given to the athlete. 

considered. The third situation raises more con­
cerns since it is directly derived from the inca­
pacity of the test with its actual threshold of 6, 
to detect the use of testosterone in a group of 
the athletic population. As pointed out earlier, 
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individuals for which basal T/E values are very 
low may receive testosterone without ever pro­
ducing specimens with T/E values exceeding 6. 
The only way to circumvent this problem at this 
time is the establishment of the individual's base­
line values, an unrealistic approach with the 
existing resources. 

5.2 Factors invoked to invalidate the test 
and its significance 

Some of the most frequently raised arguments 
against the significance of the T/E value will now 
be discussed. 

5.2.1 The bacterial contamination of the 
samples 

The specimens are not collected under sterile 
conditions and therefore may be contaminated, 
Delays in delivering the samples to the laboratory 
and improper refrigeration during transportation 
and storage may offer good conditions for the 
microbial growth and affect the validity of the 
test as far as natural substances are concerned. In 
fact, nearly 95% of the samples received will be 
contaminated following an incubation of several 
days at 3 7 ^ . Not all contaminated samples will 
show signs of degradation invalidating the test 
results. The effects of the bacterial degradation 
on the urinary steroids are easily detectable and 
consist mainly in the hydrolysis of the steroid 
conjugates and in oxydoreductive reactions lead­
ing to the abnormal presence of steroids in the 
free form and the accumulation of the 5a- and 
5ß-andro5tan-3.17-dione (7, 42. 43). The pres­
ence of more than 5% of testosterone in the free 
fraction or of measurable amounts of androstan-
diones will invalidate a T/E positive f inding. 
During a lecture, GEYER et al, (44) reported having 
observed the formation of testosterone in a 
female athlete's urine sample kept refrigerated 
for months. This bacterial formation and accu­
mulation of testosterone in a urine sample was 
however never observed and reproduced during 
research experimentation (7, 42. 43), 

5,2-2 The variation of the T/E values during 
the menstrual cycle 

As stated earlier, the variation of the T/E values 
in females is greater than in males and this is 
obviously attributed to Ihc very low levels of 
androgens in the specimens and in some proto­
cols, to coeluting substances (13-15). The results 
of one study aimed at evaluating the stability of 
the T/E values during the menstrual cycle in four 
female volunteers was presented in 1994 (13) 
and showed a dramatic increase of the T/E values 
in two cases reaching values of 8 and 13 respec­
tively. The daily variation of the individual T/E 
values was up to 79%. The authors, however, 

mentioned that the increased T/E value was 
directly linked to a decrease in the already very 
low epitestosterone concentration. Other groups 
observed in some volunteers an increase of the 
T/E values during the menstrual cycle (16, 19) but 
not (0 the extent described in the above study. 

In the feminine athletic population, thousands 
of tests analysed in Europe and North America 
only gave a handful of T/E results exceeding the 
threshold of 6 [vide supra]. This clearly demon­
strates that the phenomenon described by 
MARECK-ENGELKE el al. is overestimated in terms of 
the frequency of the drastic increase (2 out {)f 4 
females) and of its magnitude, 

5.2.3 The variation of the T/E values caused 
by oral contraceptives 

MARECK-ENGEIKE et al. presented in a lecture in 
1996 the results of a study indicating that the 
T/E values decreased during withdrawal of oral 
contraceptives in each of the four volunteers 
(15). This was attributed to an increase of the 
epitestosterone excretion. In all cases, the urinary 
concentrations were said to be very low, near the 
detection limit. The variation of the T/E values 
remained lower than 60%. The authors concluded 
that the application of oral contraceptives can 
lead lo an increase of the T/E ratio due to the 
suppression of the epitestosterone excretion. 

5.2.4 The effect of alcohol intake 

As discussed by CATIIN et al, (16), although four 
studies tried to investigate the effects of alcohol 
on the T/E values, the results are contradictory. 
They concluded prudently that a high intake of 
inebriating alcohol may produce a significant 
increase of the T/E values in some females. In 
1998, FALK et al. (45), reported a variable increase 
ranging from 30 to 90% of the T/E values in four 
volunteers following a high intake of alcohol 
(2g/kg of body weight) taken within four hours. 
None of the T/E values measured exceeded 2.4, 
Later other groups reported contradictory effects 
with similar doses (46-48). In some studies, T/E 
values of up to 8, 12 and even 22 were reported. 
One may question the interpretation given to 
these findings considering the very low levels of 
both epitestosterone and testosterone in female 
samples and the normal variation of their T/E val­
ues. For example one group described what they 
considered to be a noticeable effect on the T/E 
values caused by an intake of alcohol (1.4 to 
2g/kg of body weight) (47). The detailed observa­
tion of the T/E values reported indicates that 
alcohol induced a variation of 18 to 72% from 
the individual's mean. However, such variations 
of the T/E values are normal in females as report­
ed before on several occasions by the same 
group. 
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6 Conclusion 

Some studies seem to cast serious doubts over 
the validity of the T/E value as a measure of the 
administration of testosterone in female athletes. 
Menstruation, intake of oral contraceptives or 
alcohol, nutrition, supplements and the bacterial 
contamination of the samples, very frequent and 
natural phenomena, were all reported or invoked 
to increase significantly the T/E value in female 
volunteers up to levels well-above the threshold 
of 6. On the other hand, thousands of female and 
male urine samples are tested each year during 
routine controls performed in competition or 
out-of-competition therefore in every possible 
normal and extreme conditions encountered dur­
ing the course of an athletic career. As shown 
earlier, actual observations made on the female 
athletic population in Europe and North America, 
all indicate that the vast majority of the T/E val­
ues are found below 6 and that only a handful of 
test results exceeded the threshold of 6. 

Testosterone is frequently used. This is most 
probably due to its alleged efficiency, the highly 
diversified forms and preparations available and 
certainly, as a consequence of the problems asso­
ciated with its detection. Two direct biosynthetic 
precursors of testosterone, DHEA and androsten­
dione, can be easily obtained in U.S.A, Both were 
shown in preliminary studies to affect testos­
terone, epitestosterone and other major steroid 
metabolites such as androsterone and et io­
cholanolone. Their increasing popularity should 
be kept in mind when reviewing an elevated T/E 
positive finding. 

In the future, if the approach using the carbon 
isotope ratio to identify directly exogenous uri­
nary testosterone is proven to be robust, flexible 
and sensitive enough, we may envisage lowering 
the threshold value of the "classical" T/E test. The 
confirmation of the exogenous nature of testos­
terone in the same specimen along with the eval­
uation of previous or subsequent test results may 
solve the major problem of testosterone detec­
tion: the number of false negative results. 
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