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Folate is an essential form of vitamin B9 that facilitates the transfer of single-carbon groups and plays 
an important role in DNA methylation, conversion of homocysteine to methionine, nucleotide syn-
thesis, and DNA repair. Folate deficiency has been reported to be associated with an increased risk 
of coronary artery disease (CAD). Although the biochemical mechanisms linking folate deficiency to 
CAD have been extensively studied, the genetics of folate metabolism and the clinical implications 
of folate supplementation remain areas of ongoing investigation. We integrated three interconnected 
domains—biochemistry, genetics, and nutritional supplementation—to provide a comprehensive syn-
thesis of current knowledge on the folate metabolism in CAD. There is strong evidence that elevated 
plasma homocysteine levels are associated with increased cardiovascular mortality and long-term 
adverse events in patients with CAD, often due to folate deficiency. Elevated plasma homocysteine lev-
els contribute to endothelial dysfunction, oxidative stress, inflammation, and atherosclerotic plaque 
formation, all of which play roles in pathogenesis of CAD1. The genes encoding the enzymes meth-
ylenetetrahydrofolate reductase (MTHFR) and methyltetrahydrofolate-homocysteine methyltrans-
ferase reductase (MTRR) play a central role in the metabolism of folate, homocysteine, and conse-
quently in methylation. The MTHFR gene is involved in the conversion of methylenetetrahydrofolate 
to methyltetrahydrofolate, which is the main circulating form of folate and the carbon donor for the re-
methylation of homocysteine to methionine. Meanwhile, MTRR gene plays a role in the remethylation 
of homocysteine to methionine via cobalamin in a folate-dependent reaction. Polymorphisms in the 
MTHFR and MTRR genes can influence the risk of CAD by altering the metabolism of homocysteine. 
Of particular importance is the MTHFR C677T polymorphism, while the A1298C polymorphism and, 
especially, the MTRR A66G polymorphism have shown less consistent associations with CAD risk2,3. 
In addition, folate supplementation lowers homocysteine levels, particularly in individuals with the 
MTHFR C677T TT genotype, which is associated with reduced enzyme activity involved in homocyst-
eine metabolism4. Importantly, although folic acid supplementation reduces plasma homocysteine, 
systematic reviews and meta-analyses show no significant effect on CAD risk or cardiovascular mor-
tality. These findings highlight the need for further research to better understand the mechanisms and 
conditions under which folate supplementation might offer cardiovascular protection.
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