
                                                                                                                                                                             

 

5 

Journal of Oncology Research and Therapeutics 2019; 1(1): 05-08 

Review Article 

J Oncol Res Ther 

2019; 1(1): 05-08 

© 2019-20, All rights reserved 

www.oncojournal.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Corresponding author: 

Dr. Ioannis Patrikios  

School of Medicine, European 

University of Cyprus, Nicosia, 

Cyprus 

Email: i.patrikios@euc.ac.cy 

The Metabolism and Significance of Homocysteine in 

Cardiovascular Health: Mini Review 

Urban Dietrich1, Fragiskos Gyftodimos1, Enas Ghoti1, Israa Ghoti1, Maria Fyrilla1, Ioannis Patrikios1 

1 School of Medicine, European University of Cyprus, Nicosia, Cyprus 

Abstract 

Homocysteine conversion to the essential and non-essential methionine and cysteine respectively is not only a decisive 
step in the normal biosynthesis of these two amino acids, but also dependent upon vitamins of the B complex. Therefore, 
deficiency of one or more of these crucial co-factors is associated with hyperhomocysteinemia along with innumerable 
negative consequences on various systems. This mini review will summarize and critically appraise the results of 
conflicting evidence concerning the effect of hyperhomocysteinemia in the total cardiovascular health. High levels of 
homocysteine in the blood are known to mediate cardiovascular problems by their adverse effects on cardiovascular 
endothelium and smooth muscle cells with resultant effects mainly on atherosclerosis and SVS (small vessel stroke). 
Evidence also suggests, that proper dieting reflects on the low blood levels of homocysteine, which in turn are able to 
reduce the risk of CVDs by approximately 15-40%. Nevertheless, it should be stated that these evidences are not, under 
any circumstances, absolute and are being juxtaposed by many studies, including the ones this review will quote. The 
present study will thus abstract the existing evidence and highlight their controversies that pertain to the relationship 
between hyperhomocysteinemia and cardiovascular risk. 
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INTRODUCTION  

As stated by the World Health Organization (WHO) in 2017, cardiovascular diseases (CVDs) are the main 

killer worldwide [1]. As homocysteine (Hcy) is known as a risk factor since the 1990s this mini review will go 

into more detail with the metabolism of homocysteine as well as its significance in cardiovascular (CV) 

Health [2]. Homocysteine, an intermediate product in the normal biosynthesis of the essential amino acid 

methionine and non-essential cysteine is a sulfhydryl-containing amino acid [3]. It is a key step in the 

methylation cycle [4]. This mini review will focus on the correlation of deficiencies of the vitamins B6, B12 

and folic acid with the blood level of Hcy and their effect of CVDs. Hyperhomocysteinemia, a state where 

the blood levels of Hcy rise above 15µmol/L [5] (up to 500µmol/L [6]) is associated with nutritional 

deficiencies of the micronutrients stated above [7]. Decreased levels of homocysteine is associated with 

osteoporosis or eye lens dislocation, while high levels is mostly correlated with CVDs [6]. Metabolism of 

homocysteine is done via two pathways: Remethylation and Trans-sulfuration. The two are affected by 

Methionine (Met) blood levels. Either Met blood levels are high where trans-sulfuration process plays a 

crucial role, as the remethylation comes into an important role when Met blood levels are low. Vitamin B6, 

B12 and folic acid are crucial factors determining the enzyme rate as they serve as cofactors in the 

metabolism in Homocysteine [8]. 

Metabolism:  

Metabolism of Homocysteine  

Synthesizing of Hcy is done by transmethylation of the essential amino acid Methionine. Three protein 

enzymes are involved that function in different tissues: S-adenosyl-L-methionine (SAM) synthase / L-

methionine adenosyltransferase, Methyltransferase (MT) and S-adenosyl-L-homocysteine (SAH) hydrolase. 

Methionine is firstly, with use of ATP, converted to S-Adenosylmethionine by SAM synthetase which is 

further methylated by MT [7]. Methylation is referred to a mechanism where a specific compound is 

accepting a methyl group. This process is well known in biosynthesis of different compounds as well as in 

epigenetic modulations. Finally, to achieve the production of the amino acid compound homocysteine, SAH 

hydrolase is used. The described process above is referred to the transmethylation. Synthesized Hcy can be 
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broken down by several pathways: (i) back to methionine by Methionine 
synthase, (ii) back to methionine 
by Betainehomocystein methyltransferase, (iii) to Homocysteine-
thiolactone by Methionyl-tRNA synthetase with use of ATP and (iv) to 
Cystathionine by adding the amino acid serine and by catalyzation of 
Cystathionine ß-synthetase [Figure 1]. Cystathionine further is broken 
down to cysteine by Cystathionine γ-lase. In the end cysteine can be 
degraded to glutathione, proteins, CoA and sulfates. Summarizing the 
process of degrading Hcy up to Cysteine is stated 
as Transsulfuration. Remethylation is categorized into Folate/B12 
Dependent and Folate/B12 Independent. The former one will be more 
emphasized in this article than the latter one. Folic acid is firstly 
converted to tetrahydrofolate and then broken down by Serine 
hydroxymethyl transferase with the use of serine to glycine, to N-5,10-
Methylenetetrahydrofolate and further to N-5-Methyltetrahydrofolate 
[Figure 1]. The latter compound is catalyzed by Methionine synthetase 
to methionine and Transmethylation is used to produce Hcy. As stated 
above, Folic Acid and the Vitamins B6 and B12 are important cofactors in 
particular enzymes that are involved in either Transmethylation, 
Folate/B12 Dependent Remethylation or Transsulfuration. Vitamin B6 is 
a cofactor in Cystathionine ß-synthase, Cystathionine γ-lase and 
Serine hydroxymethyltransferase [Figure 1]. Vitamin B12 is the main 
cofactor in the significant enzyme Methionine Synthase [Figure 1]. 
Lastly, Folic Acid intake is crucial as it is the substrate for the Folate/B12 
Dependent Remethylation. [9] 

 

Figure 1: Overview of the Metabolism of Homocysteine. ATP: adenosine 
triphosphate; AMP: adenosine monophosphate; PPi: pyrophosphate; Pi: 
orthophosphate; B2/B6/B12: vitamins B2/B6/B12; CoA: coenzyme A; R: acceptor; 
R-CH3: methylated product; MT: methyltransferases. 

Folic Acid  

Folate is an essential nutrient, which is appointed to the water-soluble 
B-Vitamins. Mammals are not able to synthesize Folic Acid and by that 
they fully have to rely on supplementation in terms of whole grain, liver 
or green vegetables [10]. Folic Acid is crucially involved in the 
metabolism of Homocysteine as it acts as a cofactor of enzymes in the 
Folate/B12 Dependent Remethylation. Folic Acid is further converted to 
Tetrahydrofolate by Dihydrofolate reductase in order to serve as a 
substrate for remethylation. Tetrahydrofolate then is further degraded 
to N-5 Methyltetrahydrofolate which is catalyzed by the Methionine 
Synthase to Methionine [9]. Low or high levels of Folic Acid would 
resultingly cause high or low levels of Methionine.  

Vitamin B6 

Vitamin B6 is an essential nutrient found in pork, fish, whole grain or 
several vegetables and serves in forms of pyrodoxal 5´-phosphate (PLP) 
as a cofactor for numerous catalytic functions including the metabolism 

of Homocysteine [11]. Vitamin B6 is a cofactor in three different enzyme 
catalyzation. (i) Serine hydroxymethyltransferase in the Folate/B12 
dependent Remethylation process and (ii) Cystathionine ß-synthase 
(CBS) and (iii) Cystathionine γ-lase (CSE) in the Transsulfuration pathway 
[9]. Nevertheless, the most important role is focused on 
Transsulfuration pathway. By having moderate Vitamin B6 deficiency 
CSE activity is decreased while CBS is maintained what will ultimately 
result in higher cystathionine levels [12]. Cystathionine was elevated in 
humans with induced marginal Vitamin B6 deficiencies. Preprandial 
Cystathionine plasma levels were 53% elevated and postprandial by 76% 
[11].  

Vitamin B12 

Vitamin B12 or cobalamin is a water-soluble and essential nutrient for 
humans. It is referred to the general term of all corrinoids that exhibit 
the biological activity of cyanocobalamin [13]. Cobalamin is found in 
sources such as meat, eggs or dairy products and is absorbed in the 
Ileum after combining with intrinsic factor secreted by the stomach [14]. 
Vitamin B12 serves in forms of 5-Methylcobalamin as a cofactor for the 
cytosolic enzyme, Methionine Synthase in the remethylation 
mechanism of Homocysteine to Methionine [9]. Secondary, methionine 
synthase subsequently converts Methyltetrahydrofolate to 
tetrahydrofolate in the Folate/B12 dependent pathway [13]. 

The Homocysteine and Cardiovascular Health  

According to current concepts, Homocysteine damages cells and tissue 
of arteries by inciting the release of cytokines, and other mediators of 
inflammation of cell division [15]. By affecting the smooth muscle cells, 
Hcy tends to cause changes in the connective tissue of the 
arteriosclerotic plaques, causing fibrosis, calcification, damage to the 
elastic tissue layer and proteoglycan deposition. Degradation of these 
aggregates leads to a disposition of cholesterol and other fats in the 
developing plaques. Since the discovery and development of the 
homocysteine theory of arteriosclerosis numerous clinical and 
epidemiological studies have observed elevation of blood homocysteine 
as a potent risk for vascular diseases [16]. A meta-analysis of published 
studies has suggested that elevation of Hcy blood levels is a casual factor 
in atherogenesis. The same literature states that by lowering the Hcy 
blood levels, a decrease in 15-40% risk of vascular diseases can be 
observed [17]. The results of the health studies, Hordaland 
homocysteine study and the European concerted action study all 
support the validity of homocysteine theory of CVD. However, the 
causality of correlation between Hcy and coronary heart diseases is still 
not certain [18].  

Correlation with Vitamin B6, B12 and Folic Acid 

A report of the Framingham Heart Study in 1993 showed that in a group 
of 1160 elderly participants between the ages of 67-96 years, the 
elevation of blood homocysteine has been caused by dietary 
deficiencies of vitamin B6, folic acid and a decrease in the absorption of 
vitamin B12 in the ileum [19]. In addition, genetic variations of the 
methylenetetrahydrofolate reductase, 677TT, affects about 12% of the 
population, which leads to an increased risk of CVD if dietary folic is 
marginal. The amounts of dietary B vitamins consumptions which is 
needed for the body to maintain normal blood Hcy levels are 3 mg 
vitamin B6 and 400 µg folic acid per day, as shown by the Framingham 
Heart Study. The daily intake of Vitamin B12 is denoted by 14µg but it is 
generally adequate, except in vegans who consume no meat, fish or 
dairy foods [20]. However recently three prospective trials of 
supplementation with B vitamins in patients with advanced vascular 
disease concluded that moderate doses of folic acid and vitamins B-12 
and B-6 over a 3–5 y period have little effect on risk of recurrent heart 
attack or stroke. The vitamin intervention for stroke prevention (VISP) 
study observed that participants without renal impairment, without 
malabsorption of vitamin B-12, or without taking non-study vitamin B12 
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supplements had a reduction of 21% in vascular events from B vitamin 
therapy [21]. In the heart outcome prevention evaluation (HOPE2) trial 
of patients with advanced vascular disease, a reduction of 24% in stroke 
from B vitamin therapy was concluded. Yet, lower of blood Hcy levels 
was not significant in this trial [22]. The Norwegian Vitamin Trial 
(NORVIT) study had shown that treating with cardiac bypass or 
angioplasty (47.7% decrease of recurrent CVDs) was more efficient that 
the vitamin B comparing group (42.2% decrease of recurrent CVDs) (23). 
Concluding, vitamin B6, B12 and folic acid may have an effect on 
lowering the risk of CVD but their relationships has to be investigated 
further in clinical trials.  

Lowering of Homocysteine  

Homocysteine blood levels between 4-8 μmol/L decrease the risk of 
getting a cardiovascular disease. However, this blood level should be 
maintained by a healthy diet with an abundance of vitamin B6, folic acid 
and vitamin B12 [17]. Vitamin B6 is essential for the metabolism of 
carbohydrates, proteins and fats in addition to its significant role in the 
creation of erythrocytes. It helps in preventing blocked arteries and 
reduces heart disease risk [24]. If the homocysteine concentration is in 
the range of 8-12μmol/L, an effort should be made to improve the diet 
by providing a sufficient amount of vitamin B6, B12 and folic acid to keep 
the homocysteine low and to minimize the risk of a cardiovascular 
diseases. Aging may cause a decrease in the ability to absorb these 
vitamins, which ultimately results in elevation of the Hcy blood level 
concentration. Above the age of 60 years, it should be considered to 
consume 3 mg vitamin B-6, 400μg folic acid, and 100μg vitamin B-12 as 
dietary supplements, most conveniently in a daily multivitamin pill, in 
addition to consuming the Heart Revolution Diet [25]. The Heart 
Revolution Diet consists of fresh vegetables, fruits, whole-grain foods, 
seafood and meat, nuts, eggs, and diaries. Highly processed foods 
should be minimized, because they are partially diminished of vitamin 
B-6 and folic acid. In addition to an improved diet, supplements of 10mg 
vitamins B-6, 1000μg, folic acid and 100μg of vitamin B-12 should be 
considered to decrease the blood levels of Hcy.  

Clinical Implications of Hyperhomocysteinemia on CVDs 

Most studies state a relationship between high levels of homocysteine 
in the blood and cardiovascular events [33],[35],[37]. Furthermore, a 
prospective study [27] names homocysteine as a strong-and 
independent of traditional confounders- predictor for ischemic stroke 
[31], providing evidence that the median of differences in total 
homocysteine concentrations between matched pairs was 2.1 μmol/L 
higher in cases contrary to the matched controls, the 75th percentile of 
difference in total homocysteine was 5.3 μmol/L higher in cases and the 
odds ratios associated with total homocysteine concentration found 
altogether were lower in controls, although this paper lacks 
discrimination of hyperhomocysteinemia between a risk factor or a 
biomarker. Homocysteine was also affiliated with an indirect effect on 
the vessel endothelial wall through eliciting damage via oxidative stress, 
especially in the small vessels with an odds ratio of 1.34 [24] and 
therefore increasing the risk for atherosclerosis [26],[28],[30]. A large 
meta-analysis [29] of 72 studies showed a causal relationship between 
hyperhomocysteinemia and cardiovascular diseases, for every 5 
mmol/ml increase of blood homocysteine, like ischemic heart disease 
(odds ratio= 1,42), deep vein thrombosis (odds ratio=1,60) and stroke 
(odds ratio=1,65), along with numerous other meta-analyses and 
prospective studies [31],[32],[38]. In a large meta-analysis of folate 
supplementation and CVD risk, in 20 RCTs, 3.164 events of stroke were 
stated among 77.816 participants. The stroke rate in the folate 
supplementation group was 3,8%, whereas in the control group was 
4.4% and in addition with these evidence, the Relative Risk (RR) pooled 
from this meta-analysis showed a 10% decrease in the risk for stroke in 
the individuals administered with folic acid [38]. In a mendelian 
randomization analysis of 2019, the OR of SVS per 1 SD increment in 
folate and vitamin B6 levels were 0.49 (95% CI, 0.34–0.71, p = 1.3 × 10–4) 

and 0.70 (95% CI, 0.52–0.94, p = 0.02), respectively, whereas such a 
correlation did not reach statistical significance with other major severe 
stroke subtypes [24]. Despite these evidence, a systematic review and 
meta-analysis of 2011 comprised 16 trials upon 44.841 and alleged that 
folic acid supplementation as compared to placebo had no effect on 
major cardiovascular events (RR, 0.98; 95% CI, 0.93-1.04), stroke (RR, 
0.89; 95% CI,0.78-1.01), myocardial infarction (RR, 1.00; 95% CI, 0.93-
1.07) [36]. Finally, further randomized controlled trials argue that folate 
supplementation is not effective at decreasing the risk of CV diseases 
[30],[34]. 

CONCLUSION  

This paper reviewed the importance of B vitamins as essential cofactors 
in the physiological metabolic pathways of homocysteine, an 
intermediate product in the formation of both amino acids methionine 
and cysteine. Nonetheless, the debate for the contribution (or not) of B 
complex vitamins like folate (B9), B6, B12 and Hyperhomocysteinemia 
in the development and protection from cardiovascular diseases has 
been ongoing in the past years. Although the majority of the studies 
ecompassed in this review support a causal relationship between 
hyperhomocysteinemia and CVDs, accompanied by oft-quoted risk 
reducing intervention by folate, the aforementioned conflicting 
evidence along with other meta-analyses, RCTs as well as the authors of 
this article, suggest that further clinical trials with large sample sizes 
could potentially provide definite answers to these topics.  
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