Association of ADMA, Hippurate and Malate metabolites in blood and urine, with type-2 diabetes mellitus (T2DM). 
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Introduction
Metabolomic analysis (MA) is a leading approach for investigating the etiology, progression, and severity of a disease.  Recent studies suggest a link between specific metabolites and both the onset and progression of type 2 diabetes mellitus (T2DM). This cross-sectional study investigates potential correlation between the levels of selected metabolites in serum and urine samples of T2DM patients and disease-related outcomes.
Methods
A total of   35 patients with T2DM and 25 healthy volunteers were enrolled. Serum and urine levels of asymmetric dimethylarginine (ADMA), hippurate, and malate were measured. ADMA was selected due to its role in endothelial dysfunction. Hippurate is linked to gut microbiota alterations in metabolic disorders, and malate plays a central role in cellular metabolism. Metabolite concentrations were determined using liquid chromatography coupled with tandem mass spectrometry (HPLC-MS/MS). Urinary concentrations were normalized to creatinine due to variations in water balance.
Results
Serum samples showed significantly increased hippurate and malate levels in T2DM patients, while urine samples showed decreased ADMA levels.
Correlation analysis revealed a strong, nonlinear positive association between serum malate and hippurate with HbA1c (r = 0.352, p = 0.009; r = 0.609, p < 0.001), and a strong, nonlinear negative association for urinary ADMA (r = -0.744, p < 0.001).
Conclusion
These findings suggest T2DM significantly alters the metabolomic profile of affected individuals. The observed associations support the potential utility of specific metabolites as biomarkers for disease monitoring. Expanded cohort investigation and broader metabolite panel will aid in identifying biomarkers for disease diagnosis and prognosis.
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