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Résumé

Estimating dependency relationships between variables is an important issue in statis-

tics. Mutual information (MI) is a measure of dependency based on entropy (1,2), and
corresponds to the quantity of shared information between two variables. It is largely used
in network sciences, as it presents very interesting properties: it can be used without making
hypothesis on the underlying distribution of the variables and is applicable on both discrete
and continuous variables; it allows capturing both linear and non-linear dependencies, and
it equals zero if two variables are independent of each other.
MI estimation methods were primarily developed for exclusively discrete or exclusively con-
tinuous variables (3-5), or for mixed-data (datasets that can include both discrete and con-
tinuous variables). In practice, complex variables containing both discrete and continuous
values (discrete-continuous variables) are often present in real datasets, for example in co-
hort studies. A common type of discrete-continuous variable is continuous censored. Left-
censoring typically occurs with biological measures originating from analytical tools with
a lower limit of detection; values which fall below that limit cannot be estimated and are
missing at the left side of the distribution. A few methods have been developed to handle
specifically discrete-continuous data (6-9), but their effectiveness on the specific case of cen-
sored data has not yet been demonstrated.

We propose a new MI estimation method for censored variables, in the form of a correc-
tion for other estimators. This new method is based on the decomposition of the MI formula
in order to handle the censoring status of the variables on one side, and the simultaneously
continuous values of the variables on the other. This second part can be estimated by any
MI estimator adapted for continuous data.

We constructed different simulation scenarios of pairs of correlated censored log-normal vari-
ables, by varying the censoring, correlation, and size of sample. We evaluated our correction
on a few existing estimators previously developed for mixed (10) or discrete-continuous data
(6, 7), and on a simpler Gaussian approximation method. We compared the selected esti-
mators, with and without the correction, on these different simulation scenarios.
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We found that MI estimation for all estimators tested is globally closer to the theoreti-
cal value when adding the correction. The correction, in the tested simulation cases, enables
to reduce bias, and allows convergence towards the true MI value as the number of observa-
tions increases.
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