Development and application of gut microbiome scores to characterize major depressive disorder
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Introduction. Major depressive disorder (MDD) has been linked to alterations in the gut microbiome. However, translating high-dimensional microbial profiles into clinically useful biomarkers remains challenging due to limited quantitative approaches.
Aims. We aimed to convert complex microbial features into quantitative gut microbiome scores (GMS) for MDD risk prediction and to integrate GMS with clinical variables to model disease severity and cognitive function.
Methods. Genus-level gut microbiome profiles were generated using 16S rRNA sequencing in individuals with MDD (n=76) and healthy controls (n=73). Five GMS were developed using different strategies. Differential-taxa–based scores were derived from Analysis of Compositions of Microbiomes with Bias Correction (ANCOM-BC) and Linear Discriminant Analysis Effect Size (LEfSe). A community-wide dysbiosis distance score was calculated using Bray–Curtis dissimilarity. Penalized regression–based scores were constructed using Ridge and Least Absolute Shrinkage and Selection Operator (LASSO) methods. To evaluate clinical relevance, linear and logistic regression models were built to examine GMS alone and in combination with clinical variables for predicting symptom severity and cognitive function.
Results. Several GMS significantly differed between MDD and controls and demonstrated good discriminatory performance. Representative examples included regression-based scores (GMS_Ridge, AUC=0.891) and differential-taxa–based scores (GMS_LEfSe, AUC=0.887). Integrating GMS with clinical variables improved model performance for Continuous Performance Test (CPT) outcomes. Notably, GMS_Dysbiosis was significantly inversely associated with CPT performance, with higher dysbiosis-related scores linked to poorer cognitive function.
Discussion. This study presents a quantitative framework for translating gut microbiome data into clinically meaningful scores for risk prediction and outcome assessment. Integrating GMS with clinical variables may further enhance model performance and interpretability, highlighting their potential utility in future translational and clinical research.
