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1 Background

The longitudinal endocrine follow-up of sportsmearhiaved by conventional methods allows detection
of clinical abnormalities that may be related tansoprohibited doping practices. Indeed, some disair
physical performance can be explained by atypidajsiplogical deviations. However, recent events
revealing doping cases have shown some limitatimnghe principles of anti-doping control currently
prevailing in the establishment of doping practices

Screening of pharmacological substances, whichsugshibited (and some of them are often designed
to improve athletic performance), basically corssist detecting presence in urine or blood of these
compounds or their metabolites. To do so, the tidetection of doping involves very sophisticated
physicochemical methods. Nevertheless, these metaga expensive. In addition, they specificallygéar
known molecules.

Yet, an alternative to this direct strategy is teasure in the serum concentration of circulating
endogenous hormones or their metabolites in oamlget a hormonal fingerprint of subjects that maseg
indirect proofs of doping practices.

In the case of endogenous hormones is raised thblegpn of definition of what are normal
concentrations and how to define clinical thresholshdeed, when a hormonal doping practice is used,
homeostatic regulation may have some repercussiothe hormonal fingerprint. Observation of this
hormonal anomaly is the first step in indirect déta of doping practice. In France, it is currgridbne in
the frame of the medical longitudinal follow-up. d8#es, these hormonal variations may induce some
metabolic adjustments which can be detected irobaglmetabolic assessment in biofluids. This mdiabo
fingerprinting is called metabonomics.

In this context, statistical and computational agghes used by metabonomics may be helpful to solve
such a problem designed as a numerical analysigohultidimensional metabolic response when méditabo
fingerprints, which correspond to the large quasdtion of the general metabolism of an organism,used
in complement of hormonal fingerprints. Since thstldecade, metabonomigas been efficiently applied
and developed in various biological domains inalgdiplant genotype discrimination, toxicological
mechanisms, disease aetiology, and drug discovaong others. In our context, we aim at improving th
ability to predict the endocrine phenotype of angividual based on metabolic fingerprints with the
constraint of avoiding the risk of false-negatiVéis requires fine modelling of the relationshipvieeen



metabolic profiles and the endocrine status givethle determination of the hormonal concentratitass
for three hormones.e. cortisol, IGF-1 and testosterone.

2 Results

We have studied a cohort of 655 individuals desttitvith 419 metabolites (variables) obtaineddy
NMR (Nuclear Magnetic Resonance) spectrometry feofimgerprinting of serum. For the whole cohort, we
also get in parallel three endocrine phenotypediéod, IGF-1 and testosterone), for which 3 claskave
been definedh priori for “low”, “normal” and “high” concentrations. Ithe procedure presented here, we
consider a classification method of any of theass#s, which relies to the metabolic fingerprints.

The core method combines a data regularization beesed on orthogonal signal correction to a
shrinkage discriminant analysis (SDA) [1], whichaisll suited to deal with the multicollinearity cied out
by the metabolites. Thus, in our situation, SDApeutorms other usual discriminant methods such&, L
QDA and PLS-DA. However, for all these methodsisitnoteworthy that classification is substantially
improved when data are pre-processed using ortlabggignal correction based on partial least squares
regression [2]. To improve the level of confiderme the prediction, assignment to a given clasfiés t
obtained using bootstrap techniques. Using bogistn@ have also studied how the prediction rateg va
depending on cohort size, choice of metabolitesdlaes) and phenotypes.

With the same protocol, we have displayed in ab&lceprediction rates obtained with different sizes
for the cohort together with increasing the numtifeselected metabolites. Thus, it can be obseivat] for
each phenotype, a well suited choice in parametatetiing is achievable to expect the highest ratfes
prediction for each given hormonal phenotype.

Extensive calculus in the resampling step alsoalkedke special classes of individuals for which the
classification systematically failed. Identificaticof such classes may indicate new further andndist
investigations to improve their hormonal charaetgion.

3 Conclusion

The procedure combining the orthogonal signal ctioe based on PLS regression and the shrinkage
discriminant analysis is very promising to bettestaedt endocrine disruptions from a metabolomic
fingerprint. Abacus appear instructive to decidehofv many statistical units we need to consider and
therefore to control the cost of such experimehts also important to build decision rules front@hort
which is large enough with a selected set of mditaiso A quantitative analysis of changes in gehera
metabolism performed in this physiological contexay indirectly provide some tangible biochemical
suspicion of doping. In other words, use of indineethods to routinely phenotype the endocrinaistat
sportsmen from their metabolomic fingerprints isymgromising to better detect endocrine disruptions
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