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Vitamin D exerts diverse immunomodulatory effects that vary according to the immune cell types and physiological context, acting to either enhance or suppress immune responses. Conversely, both vitamin D metabolism and immune functions are influenced by disease status. Given the critical role of immune and inflammatory responses in the development and pathology of metabolic diseases, including obesity, diabetes, and cardiovascular diseases (CVD), nutritional status of vitamin D may substantially affect disease progression and outcomes. 

Evidence from human studies consistently demonstrates an inverse association between vitamin D status and obesity, while animal studies have revealed dysregulated vitamin D metabolism in diet-induced obesity. Vitamin D has been sown to modulate adipose tissue biology, influencing processes ranging from adipocyte differentiation and adipocyte apoptosis to energy metabolism. 

In animal models of diabetes, diabetic mice exhibited significantly lower natural killer cell activity. Vitamin D supplementation in diabetic mice resulted in increased NK cell activity, and a higher percentage of mature NK cells was associated with improved NK activity. Vitamin D supplementation also attenuated inflammatory responses in adipose tissue, as evidenced by reduced Il6, Ccl2, and Ager expression. In humans, the effects of vitamin D supplementation on type 2 diabetes prevention remain inconclusive, whereas more consistent evidence supports a protective role against type 1 diabetes.

Vitamin D may also influence cardiovascular physiology and pathology through its effects on endothelial cells, vascular smooth muscle cells, and cardiac cells. Although low vitamin D status has been associated with an increased risk of CVD, randomized intervention studies have not consistently demonstrated cardiovascular benefits of supplementation. Current evidence suggests that vitamin D supplementation may be most beneficial for correcting deficiency rather than achieving supraphysiological serum concentrations. 

[bookmark: _GoBack]Collectively, these findings highlight the complex interactions between vitamin D, immune regulation, and metabolic disease and underscore the importance of maintaining adequate vitamin D status for metabolic health. This presentation will discuss the immunomodulatory roles of vitamin D and their implications for obesity, diabetes, and cardiovascular disease, with a focus on evidence from both experimental and clinical studies.
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