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Biological age prediction using a novel DNN model based on steroid metabolic pathways
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Aging involves the progressive accumulation of cellular damage, leading to systemic decline and age-related
diseases. Despite advances in medicine, accurately predicting Biological Age (BA) remains challenging due
to the complexity of aging processes and the limitations of current models. This study introduces a method
for predicting BA using a Deep Neural Network (DNN) based on pathways of steroidogenesis. Steroids were
quantified using an in-house liquid chromatography—tandem mass spectrometry (LC-MS/MS) method,
with the resulting data stratified into four groups according to sex and designation for training or
independent validation (Fig. 1A). To address physiological and experimental variability, we applied tailored
data scaling techniques that preserved the inherent relative proportions of steroid concentrations while
achieving reliable alignment between the training and validation datasets (Fig. 1B). The DNN model also
incorporates a custom-designed loss function, specifically constructed to account for the progressive
heterogeneity of aging—a feature largely neglected in previous predictive models (Fig. 1C). Furthermore, the
DNN architecture was structured to capture biochemical process within key steroid pathways, thus
substantially enhancing the model’s biological interpretability (Fig. 1D). This study leveraged key markers,
including cortisol (COL), which underscore the role of stress-related and sex-specific steroids in aging. The
resulting model establishes a biologically meaningful and robust framework for predicting BA across diverse
datasets, offering new insights and supporting more targeted strategies in aging research and disease
management.
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Fig. 1. Pathway-based DNN model for BA prediction from serum steroid profiling via LC-MS/MS
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