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Introduction
Homocysteine, a sulfur-containing amino acid derived from the 

metabolism of methionine, has garnered significant attention due to 
its association with cardiovascular diseases. Elevated homocysteine 
levels have been identified as a risk factor for endothelial dysfunction 
and atherosclerosis, primarily due to its effects on nitric oxide (NO) 
availability and oxidative stress. High homocysteine concentrations 
are known to decrease NO availability, leading to impaired endothelial 
function, and increase intracellular oxidative stress, which further 
promotes vascular damage and inflammation [1]. Recent studies have 
explored various nutritional interventions to manage homocysteine 
levels and mitigate its detrimental effects on cardiovascular health. 
Vitamins B6 and B12, along with folic acid, betaine, and 5-methyl 
tetrahydrofolate, play crucial roles in the metabolism of homocysteine, 
facilitating its conversion into less harmful substances. These nutrients 
have shown promise in reducing elevated homocysteine levels and, 
consequently, in lowering cardiovascular risk.

Ongoing clinical trials are investigating the effectiveness of folate 
and other related compounds in managing homocysteine levels. 
Understanding how these supplements influence homocysteine 
metabolism and their impact on vascular health is essential for 
developing effective therapeutic strategies. This review aims to provide 
a comprehensive overview of the mechanisms through which vitamin 
B6, B12, folic acid, betaine, and 5-methyl tetrahydrofolate modulate 
homocysteine levels and to highlight the current state of research in 
this field [2].

Homocysteine and cardiovascular risk

Homocysteine is a sulfur-containing amino acid produced 
during the metabolism of methionine, an essential amino acid 
in the diet. Elevated levels of homocysteine have been linked to 
increased cardiovascular risk, including endothelial dysfunction and 
atherosclerosis. This connection arises from homocysteine’s adverse 
effects on vascular health, where it reduces the availability of nitric oxide 

(NO) and increases oxidative stress, contributing to the development 
of cardiovascular diseases [3].

Impact of elevated homocysteine levels

High homocysteine concentrations in the blood are associated 
with several pathophysiological processes that promote cardiovascular 
disease. Elevated homocysteine levels lead to reduce NO availability, 
which impairs endothelial function and exacerbates vascular 
inflammation. Additionally, increased oxidative stress due to elevated 
homocysteine levels further contributes to endothelial cell damage and 
promotes atherogenesis, thereby elevating the risk of cardiovascular 
events.

Role of nutrients in homocysteine metabolism

Nutritional factors play a crucial role in the metabolism of 
homocysteine. Vitamins B6 and B12, along with folic acid, betaine, 
and 5-methyl tetrahydrofolate, are involved in the conversion of 
homocysteine into less harmful substances. These nutrients act as 
co-factors in enzymatic reactions that facilitate the breakdown of 
homocysteine, thereby lowering its levels in the blood. Adequate intake 
of these nutrients can help mitigate the adverse effects of elevated 
homocysteine on cardiovascular health [4].

Current research and clinical trials

Current research is focusing on the effectiveness of various 
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nutritional supplements in managing homocysteine levels and 
reducing cardiovascular risk. Clinical trials are exploring the impact 
of folate and other related compounds on homocysteine metabolism 
and their potential to lower cardiovascular risk. These studies aim to 
provide evidence-based recommendations for dietary supplementation 
as a preventive or therapeutic strategy against cardiovascular diseases 
associated with high homocysteine levels [5].

Objective of the review

This review aims to provide a comprehensive overview of the 
mechanisms through which vitamins B6, B12, folic acid, betaine, 
and 5-methyl tetrahydrofolate influence homocysteine metabolism 
and their impact on cardiovascular health. By examining the role of 
these nutrients in managing homocysteine levels and summarizing 
the findings from current research and clinical trials, this review seeks 
to enhance understanding of potential therapeutic approaches for 
reducing cardiovascular risk associated with elevated homocysteine 
[6].

Results and Discussion
Effects of nutrient supplementation on homocysteine levels

Several studies have demonstrated the efficacy of nutrient 
supplementation in lowering elevated homocysteine levels. Vitamin B6, 
B12, folic acid, betaine, and 5-methyl tetrahydrofolate have been shown 
to play significant roles in homocysteine metabolism. Vitamin B6 acts 
as a co-factor for the enzyme cystathionine β-synthase, which converts 
homocysteine to cystathionine. Vitamin B12, in conjunction with folate, 
is essential for the conversion of homocysteine to methionine through 
the remethylation pathway. Folic acid and 5-methyl tetrahydrofolate 
are crucial for the same remethylation process, and betaine provides an 
alternative pathway for homocysteine conversion through the enzyme 
betaine-homocysteine methyltransferase [7].

Clinical trials and meta-analyses have confirmed that 
supplementation with these nutrients can significantly reduce 
homocysteine levels. For instance, folic acid and vitamin B12 
supplementation have been shown to lower homocysteine levels 
by approximately 10-20%. Similarly, betaine supplementation has 
demonstrated a reduction in homocysteine levels, although its effect is 
less pronounced compared to folate and vitamin B12 [8].

Impact on cardiovascular risk

The reduction of homocysteine levels through supplementation 
has potential implications for cardiovascular health. Lowering 
homocysteine levels may help mitigate some of the adverse effects 
associated with elevated homocysteine, such as endothelial dysfunction 
and increased oxidative stress. However, while the reduction in 
homocysteine levels is promising, the impact on actual cardiovascular 
outcomes remains a topic of debate. Recent research indicates that 
although nutrient supplementation can lower homocysteine levels, 
its direct effect on reducing cardiovascular events is not as clear-cut 
[9]. Some studies suggest that while lowering homocysteine levels can 
improve endothelial function and reduce oxidative stress, it does not 
always translate into a significant reduction in cardiovascular events. 
This discrepancy may be due to the complex interplay of homocysteine 

with other risk factors and underlying mechanisms that are not fully 
addressed by nutrient supplementation alone.

Current research and clinical trials

Ongoing clinical trials are further investigating the role of folate 
and other supplements in managing homocysteine levels and their 
broader impact on cardiovascular health. These studies aim to clarify 
the relationship between homocysteine reduction and cardiovascular 
outcomes and to determine the most effective supplementation 
strategies. Trials are exploring various dosages, combinations of 
nutrients, and patient populations to establish more definitive 
guidelines [10].

Conclusion
In conclusion, while there is substantial evidence supporting 

the role of vitamins B6, B12, folic acid, betaine, and 5-methyl 
tetrahydrofolate in lowering homocysteine levels, the clinical benefits 
in terms of cardiovascular risk reduction are still under investigation. 
Future research is needed to better understand the potential therapeutic 
effects of these nutrients and to refine supplementation strategies for 
optimal cardiovascular health outcomes.
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