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Abstract
Objectives
Metabolic mechanisms linking dietary protein intake to cardiometabolic health remain unclear, especially in Asian populations. Using metabolomics to investigate these underlying biochemical pathways, this randomized controlled trial (RCT) aimed to identify plasma or urine metabolites differentiating protein quantity and source, and examine their mediation of cardiometabolic risk factors (CRFs) in Singapore older adults.
Methods
In a 16-week, double-blinded parallel RCT, 49 older adults were randomized to Control (n=18), Casein (n=14), or Soy (n=17) groups. All participants consumed a healthy dietary pattern, with Casein/Soy receiving an extra 20 g/day of casein/soy protein powder. Response of protein intake and CRFs, including anthropometry, blood pressure, and glucose and lipid-lipoprotein panels, were assessed at baseline (W0) and Week 16 (W16) with two-way repeated measures ANOVA and Bonferroni correction. Plasma and urine metabolomics (W0, W16) were conducted via UPLC-QTOF-MS/MS, and data were analyzed with ANOVA-simultaneous component analysis (ASCA) and linear mixed models (LMM). Metabolites were annotated and pathway analyzed, and mediation of selected CRFs tested using linear regression. Significance was set as p/false discovery rate < 0.05. 
Results
Protein supplementation did not significantly alter CRFs, apart from significant group x time interaction for triglycerides (TG) (p = 0.02), with higher TG in Control than Soy at W16. ASCA identified 24 plasma and 223 urine metabolites associated with time x protein quantity interaction, while LMM identified 133 plasma and 758 urine metabolites differing by protein source. Pathway enrichment showed that protein quantity influenced branch-chained amino acid biosynthesis, while protein source affected plasma amino acid metabolism (Casein vs Control) and urinary caffeine metabolism (Soy vs Control). No selected metabolites mediated TG changes, suggesting involvement of pathways not captured in the present analysis. In conclusion, Protein supplementation from different sources modulated amino acid-related metabolomic pathways but showed limited associations with cardiometabolic health. Broader omics approaches (e.g., lipidomics) may further clarify the metabolic links between dietary protein intake and CRFs given the observed lipid-lipoprotein changes.
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