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            Abstract
Metabolomics studies hold promise for the discovery of pathways linked to disease processes. Cardiovascular disease (CVD) represents the leading cause of death and morbidity worldwide. Here we used a metabolomics approach to generate unbiased small-molecule metabolic profiles in plasma that predict risk for CVD. Three metabolites of the dietary lipid phosphatidylcholineâ€”choline, trimethylamine N-oxide (TMAO) and betaineâ€”were identified and then shown to predict risk for CVD in an independent large clinical cohort. Dietary supplementation of mice with choline, TMAO or betaine promoted upregulation of multiple macrophage scavenger receptors linked to atherosclerosis, and supplementation with choline or TMAO promoted atherosclerosis. Studies using germ-free mice confirmed a critical role for dietary choline and gut flora in TMAO production, augmented macrophage cholesterol accumulation and foam cell formation. Suppression of intestinal microflora in atherosclerosis-prone mice inhibited dietary-choline-enhanced atherosclerosis. Genetic variations controlling expression of flavin monooxygenases, an enzymatic source of TMAO, segregated with atherosclerosis in hyperlipidaemic mice. Discovery of a relationship between gut-flora-dependent metabolism of dietary phosphatidylcholine and CVD pathogenesis provides opportunities for the development of new diagnostic tests and therapeutic approaches for atherosclerotic heart disease.
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                    Figure 1: 
                        Strategy for metabolomics studies to identify plasma analytes associated with cardiovascular risk.
                      


Figure 2: 
                        Identification of metabolites of dietary PC and an obligatory role for gut flora in generation of plasma analytes associated with CVD risks.
                      


Figure 3: 
                        Plasma levels of choline, TMAO and betaine are associated with atherosclerosis risks in humans and promote atherosclerosis in mice.
                      


Figure 4: 
                        Hepatic 
                        Fmo
                         genes are linked to atherosclerosis and dietary PC metabolites enhance macrophage scavenger receptor expression.
                      


Figure 5: 
                        Obligatory role of gut flora in dietary choline enhanced atherosclerosis.
                      


Figure 6: 
                        Gut-flora-dependent metabolism of dietary PC and atherosclerosis.
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        Editorial Summary
Heart disease is a gut issue
Stanley Hazen and colleagues show that gut flora can influence cardiovascular disease by metabolizing a dietary phospholipid. A targeted metabolomics approach was used to identify plasma metabolites whose levels predict future risk for experiencing a non-fatal heart attack, stroke or death in subjects undergoing cardiac evaluation. Plasma levels of three metabolites of dietary phosphatidylcholine â€” choline, betaine and trimethylamine N-oxide (TMAO) â€” are associated with increased risk of cardiovascular disease. The gut flora is known to have a role in TMAO formation from choline. In addition, experiments in atherosclerosis-prone mice show that dietary choline enhances macrophage foam-cell formation and lesion formation â€” but not if the gut flora is depleted with antibiotics. This work suggests new diagnostic and therapeutic approaches for atherosclerotic heart disease.
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