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A Deep Learning Feature Importance Test Framework for Integrating Informative
High-dimensional Biomarkers to Improve Disease Outcome Prediction

Many human diseases result from a complex interplay of behavioral, clinical, and molecular factors.
Integrating low-dimensional behavioral and clinical features with high-dimensional molecular profiles can
significantly improve disease outcome prediction and diagnosis. However, while some biomarkers are crucial,
many lack informative value. To enhance prediction accuracy and understand disease mechanisms, it is
essential to integrate relevant features and identify key biomarkers, separating meaningful data from noise
and modeling complex associations. To address these challenges, we introduce the high-dimensional feature
importance test (HdFIT) framework for machine learning models. HAdFIT includes a feature screening step for
dimension reduction and leverages machine learning to model complex associations between biomarkers and
disease outcomes. It robustly evaluates each feature's impact. Extensive Monte Carlo experiments and a real
microbiome study demonstrate HdFIT's efficacy, especially when integrated with advanced models like deep
neural networks (DNN), termed HAFIT-DNN. Our framework shows significant improvements in identifying
crucial features and enhancing prediction accuracy, even in high-dimensional settings. This approach offers a
promising avenue for advancing precision medicine, understanding complex disease mechanisms, and
ultimately improving patient outcomes through more accurate diagnostics and targeted therapies.
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