β-Hydroxybutyrate lowers glucose in type 1 diabetes by suppressing intestinal and hepatic glucose transporters via GPR109A

Aim/s: β-Hydroxybutyrate (3HB) is elevated in type 1 diabetes (T1D) and is commonly viewed primarily as a marker of ketoacidosis risk. We investigated whether 3HB can improve glucose metabolism in T1D and explored intestinal and hepatic mechanisms.

Methods: We integrated human monitoring data with mechanistic experiments. In an inpatient low-carbohydrate diet (LCD) cohort with endogenous insulin-deficient diabetes (n=62), fasting glucose and ketone levels were recorded during the LCD period and analysed for their relationship. In a separate outpatient obesity pilot study undertaking LCD (n=7), continuous glucose monitoring (CGM) together with continuous ketone monitoring (CKM) was used to describe temporal glucose–ketone patterns. Causality and mechanisms were examined in streptozotocin (STZ)-induced T1D mice given oral 3HB for 7 weeks, assessing glycaemia, 18F-FDG PET/CT tissue glucose uptake, intestinal tracer absorption, liver glycogen pathology, intestinal/hepatic glucose transporter expression, and signalling. GPR109A inhibition (mepenzolate bromide) and mTOR inhibition (rapamycin) were applied in vivo and in hepatocytes/intestinal epithelial cells.

Results: Across the two LCD-based human studies, an inverse association was observed between glucose and ketone levels. In STZ-T1D mice, oral 3HB reduced fasting and random glucose, decreased hepatic 18F-FDG uptake and intestinal tracer absorption, and alleviated glycogenic hepatopathy. Mechanistically, 3HB downregulated SGLT1, GLUT2 and GLUT5 in intestine and liver and inhibited PI3K–AKT–mTOR signalling; these effects were attenuated by GPR109A inhibition and recapitulated by rapamycin in vitro.

Conclusion: 3HB exerts glucose-lowering effects in T1D models, at least in part by suppressing intestinal and hepatic glucose transport through a GPR109A-linked PI3K/AKT/mTOR pathway, and improves liver glycogen pathology—supporting the 3HB–GPR109A axis as a candidate pathway for further evaluation.































