Vitamin D alleviates T2DM through metagenomic pathways involving the gut microbiota
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Introduction. Type 2 diabetes mellitus (T2DM) imposes a growing global health burden. Although vitamin D (VD) deficiency is recognized as a risk factor for T2DM and VD supplementation improves glycemic control, the precise mechanisms-particularly those involving modulation of the intestinal microbiota-remain unclear. 
Aims. This study used metagenomic sequencing to investigate how VD intervention ameliorates T2DM in rats and to determine whether the intestinal microbiota mediates the underlying molecular mechanism, thereby providing theoretical and experimental support for VD in the clinical management of T2DM. 
Methods. Thirty SPF Sprague-Dawley rats were randomly divided into five groups (n=6/group): Control, Model, Low-dose VD (VD-L), High-dose VD (VD-H), and Metformin (MET). After T2DM induction, a 21-day intervention was conducted. Multi-dimensional assessments included glucolipid metabolism, inflammatory and oxidative stress markers, histopathology, vitamin D receptor (VDR) expression, and shotgun metagenomic sequencing of gut microbiota.
Results. T2DM rats exhibited marked metabolic dysregulation, tissue inflammation, gut dysbiosis, and reduced VDR expression. Both VD interventions-particularly VD-H-significantly improved glycemic control, reversed histopathological damage, restored VDR levels, and reshaped the gut microbiome. Specifically, VD-H outperformed MET in restoring microbial richness and diversity; predictive functional analysis indicated enrichment in pathways related to lipid metabolism and anti-inflammatory responses. 

Conclusion. High-dose VD effectively attenuates T2DM progression in rats, likely through a microbiota-dependent mechanism that involves remodeling the gut ecosystem and restoring VDR homeostasis. These findings support further clinical evaluation of high-dose VD as a potential therapeutic strategy for T2DM, with the gut microbiota serving as a novel pharmacodynamic biomarker. 

