Inadequate fibre intake increases gut-derived uremic toxins that contribute to hypertension
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Introduction: Over 70% of Australians do not consume enough dietary fibre. This has now emerged as a risk factor for hypertension. However, how it increases BP remains unknown. Aim: To elucidate how a lack of dietary fibre contributes to hypertension. Methods: The gut microbiome and the plasma metabolome of 16 mice fed either a low- or high-fibre diet were profiled. Caecal and distal colon tyrosine levels were measured. Mice were treated with antibiotics to confirm that metabolites were dependent on the gut microbiota. The TwinsUK cohort (n=1,536) was used to confirm these associations. Mendelian Randomisation (MR) was performed to test the causal associations between metabolites and BP. Finally, we investigated whether a high-fibre diet reduced metabolites in a crossover randomised clinical trial. Results: Low-fibre-fed mice had a distinct gut microbiota composition, which shifted microbial resource preference, consuming tyrosine throughout the colon. This increased p-cresol-derived metabolites in the host circulation compared to high-fibre-fed mice. The gut microbiota ferments tyrosine and releases p-Cresol, which is metabolised into p-Cresol glucuronide (PCG) by the host enzymes. Indeed, low-fibre-fed mice had higher levels of plasma PCG relative to high-fibre-fed mice. Using antibiotics, we confirmed that this was dependent on the gut microbiota. In the TwinsUK cohort, plasma PCG was associated with dietary fibre intake (p=0.011) and hypertension (p=0.002), and was co-expressed with 243 genes, with a negative correlation with the regulation of inflammatory pathways and endothelial cell development. The MR analysis confirmed PCG is causally associated with higher systolic (bxy=0.169, p=0.029) and diastolic BP (bxy=0.140, p=0.004). An MR sensitivity analysis conditioning PCG results on eGFR genetic effects indicated that the causal effect of PCG on BP depends on renal function. Finally, 3 weeks of dietary fibre intervention in 20 participants untreated for hypertension decreased plasma PCG (q<0.001) and p-Cresol (q=0.023) compared to the placebo arm. Discussion: In a low-fibre diet setting, gut microbiota increases the production of the uremic toxin PCG, which is causally associated with BP traits.
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