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Introduction. Metabolic diseases such as non-alcoholic fatty liver disease (NAFLD) and type 2 diabetes (T2DM) affect approximately a quarter of the global population, with gut microbiota-bile acid (BA) crosstalk emerging as a critical mechanism in their pathogenesis. Hyocholic acid species (HCAs), major bile acids in diabetes-resistant pigs have gained attention for their potential as biomarkers and therapeutics for these conditions.

Aims. This study aims to integrate findings on HCAs as biomarkers and therapeutic agents for metabolic diseases, highlighting their dual function in metabolic regulation via gut-liver axis modulation.

Methods. Multi-center clinical cohorts (n > 1,500) were analyzed to assess the association between serum and fecal HCA levels and metabolic phenotypes, including obesity, prediabetes, type 2 diabetes, and post-bariatric surgery outcomes. Parallel animal studies using high-fat diet (HFD), STAM, and db/db mouse models evaluated the therapeutic effects of HCAs on glucose homeostasis and NAFLD progression. In vitro and ex vivo experiments in enteroendocrine and hepatocyte cell lines, primary hepatocytes, and intestinal organoids further elucidated the mechanisms involving TGR5/FXR signaling, gut microbiota remodeling, and bile acid synthetic pathway modulation.
Results. Clinical cohorts revealed that lower baseline levels of HCAs independently predicted future type 2 diabetes and correlated with reduced remission after gastric bypass, establishing them as robust early biomarkers of metabolic decline. Mechanistic studies showed that HCAs improve glycaemic control by co-activating intestinal TGR5 while antagonising FXR, thereby doubling GLP-1 secretion and enhancing insulin sensitivity. Meanwhile, HDCA reversed liver steatosis, inflammation and fibrosis by inhibiting intestinal FXR–FGF15 signalling, enriching gut microbe, Parabacteroides distasonis, and its γ-linolenic-acid metabolite, and subsequently redirecting liver bile-acid synthesis toward the protective alternative pathway.
Discussion. HCAs represent novel endogenous regulators of glucose and lipid metabolism. Their low abundance in humans contrasts with their high levels in pigs, offering a rationale for therapeutic supplementation. These findings support the development of HCA-based biomarkers and HDCA-derived therapeutics for T2DM and NAFLD, with mechanisms rooted in gut-liver axis modulation.
