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Abstract

This work addresses the problem of detecting anomalies or abnormal values in multivari-
ate longitudinal data. Specifically, motivated by the international mission of antidoping
agencies, we are interested in identifying potential doping abuse in sports by analyzing ath-
letes’ individual profiles over time (WADA, 2021). In practice, the goal is to sequentially
construct, at each time measurement t and for each athlete, individual reference regions,
against which a new observed sample can be compared.

We propose a solution based on conformal predictive inference within a multivariate
Bayesian hierarchical framework. To facilitate tractable and accurate estimation of multi-
variate profiles, we leverage the use of copula models, which allow for separate modeling of
the marginal distributions and their dependency structure (Nelsen, 2006). Bayesian princi-
ples are employed to estimate the multivariate predictive distribution, and the correspon-
dent multidimensional reference region is derived using a conformal theory approach (Vovk
et al., 2005). We show that the resulting region is equivalent to the highest-predictive
region when the predictive distribution is used as a conformal measure.

Extensive simulation studies are performed to showcase the advantages of the proposed
copula-based solution over other existing univariate and multivariate frameworks, including
scenarios of misspecification. Furthermore, this approach offers a flexible alternative with
the possibility of integrating any parametric distribution for the marginals and potentially
complex dependency structure through different existing copula models. The practical im-
plementation and relevance of this framework are finally demonstrated in real profile data
on a control (non-doped) population and on a doped athlete.
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