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Abstract 

Over the past few decades, increased plasma homocysteine has proven itself to be named as an independent marker 

for developing cardiovascular diseases. Its increase can be due to genetic changes in MTHFR, deficiency in CBS, 

folic acid and vitamin B6 and B12, etc. It also causes apoptotic endothelial cell death and ceases the growth of 

damaged endothelial cardiac cells. May cause an increase in inflammasome and activate caspases leading to 

apoptosis.

Increased oxidative stress and mast cell degranulation have been shown to cause cardiac hypertrophy; higher 

plasma homocysteine levels have lengthened the QTc interval, which causes ventricular arrhythmia. It has also been 

correlated to juvenile thrombosis and deep venous thrombosis. Higher homocysteine levels have also proven to 

deprive the endothelial NO, which leads to enhanced platelet activation. Also, how malondialdehyde modified LDL 

acts as an oxidative stress factor.

Folate supplementation and Mast cell stabilizers prove to be useful in lowering the mortality induced by 

Hyperhomocysteinemia. Also, a diet rich in vitamin B6 and B12 should be considered to control homocysteine 

levels.

Keywords: Homocysteine, Pyroptosis, Inflammasome, Thrombogenic, endothelial stress, Malondialdehyde, 

Folic acid, mast cell degranulation

Introduction

Since its discovery in 1932 by an American biochemist 

Vincent Duvigneaud, homocysteine, an amino acid 

similar to cysteine, it gained a lot of medical importance 
(1)

in its role as a cardiovascular risk factor . This product 

was obtained when methionine was reacted with 

concentrated acids causing its demethylation. It is a 

sulfhydryl-containing non-essential amino acid that is 

an intermediate product in methionine and cysteine 

biosynthesis. Since its discovery, it has been under 

many speculations whether or not it is a marker for 

various cardiovascular diseases.
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Fig 1: Structure of Homocysteine
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As it is a non-essential amino acid, its intake is via diet; 

studies show animal protein intake increases 

homocysteine levels; on the contrary, plant protein has 

shown a protective effect towards an increase in its level 
(2)

named hyperhomocysteinemia . Various studies have 

demonstrated the correlation of high homocysteine 

levels with vascular disease and celiac disease, diabetes 
(3,4)

mellitus, metabolic syndrome, and many more . 

This review article will look at the various detrimental 

changes in the cardiovascular system brought upon by 

increased homocysteine levels. Also, what factors 

cause an increase in its levels, and what can be done to 

prevent this.

Homocysteine in blood 

It is present in plasma in four forms: about 1%circulates 

as the free thiol; 70-80% is disulfide bound to plasma 

proteins (mainly albumin); remaining 20-30% 

combines with itself to form dimer homocysteine or 

with other thiols, including cysteine, forming 
(5)homocysteine-cysteine disulfide .

Metabolism of homocysteine

From figure 2, we can infer that homocysteine is at the 

intersection of two metabolic pathways: remethylation 

and transsulfuration. 

In remethylation, homocysteine acquires a methyl 

group from 5-methyl or from betaine to form 

methionine. This reaction occurs in all tissues and is 

driven by vitamin B12, whereas the reaction with 

betaine occurs only in the liver and is independent of 

vitamin B12. ATP then activates methionine to form 

(SAM). SAM formed as a universal methyl donor 

donates methyl to SAH, which regenerates 

homocysteine by hydroxylation (important to note that 

this reversible hydroxylation).

In transsulfuration, homocysteine condenses with 

serine to form cystathionine in an irreversible reaction 

catalyzed with the help of PLP & CBS to form 

cystathione, which forms cysteine. Excess cysteine is 

converted into taurine, sulfate, and glutathione.

Biochemical basis of Hyperhomocysteinemia 

Hyperhomocysteinemia is defined as an abnormally 
(6)

high level (>15μmol/L) of homocysteine in blood . 

Hyperhomocysteinemia can occur due to various 

genetic defects of enzymes in the homocysteine 

metabolism. The most common genetic defect causing 

this can be single nucleotide polymorphism of 5,10-

methylenetetrahydrofolate reductase associated with 

m i l d ( 1 3 - 2 4 µ M )  a n d  m o d e r a t e ( 2 5 - 6 0 µ M )  
(6)

Hyperhomocysteinemia . Hankey et al. stated that the 

most common enzyme defect associated with 

moderately raised total homocysteine is a point 
(7)

mutation in the gene's coding region for MTHFR . 

Inverse relations have been proved between nutritional 
(6)

deficiencies of folate, vitamin B6, vitamin B12 , and 

homocysteine levels. Selhub and colleagues have 

suggested that inadequate plasma concentrations of one 

or more of these B vitamins contribute to almost two-

thirds of all cases of Hyperhomocysteinemia. The study 

by Selhub and colleagues found that Homocysteine 

levels were directly proportional to age if the vitamin 

concentrations were kept under control. If age, sex, and 

levels of various other vitamins were kept under 

control, then homocysteine showed strong negative 
(8)with plasma folate levels .

Abbreviation 

MTHFR - Methylene 
tetrahydroolate reductase

THF- tetrahydrofolate

DMG-dimethylglycine

BHMT-betaine homocysteine 
methyl transferase
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Fig 2: Metabolism of Homocysteine
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Rex et al., in their studies, established positive relations 

between plasma homocysteine levels and advanced 

chronic kidney diseases & end-stage renal disease, also 

stating that complications of atherosclerosis increase in 

these patients, thus resulting in increased mortality. 

Fasting total homocysteine also increases due to the 

increase in serum creatinine due to impaired 

metabolism of homocysteine by the kidney as clearance 
(9)of homocysteine by plasma is the maximum . 

As understood from figure 2, we know that 

homocysteine plays a crucial role in the methylation of 

SAH. An increase in homocysteine levels can increase 

SAH levels compared to SAH, causing a state of 

hypomethylation. SAM-to-SAH ratio defines the 

methylation potential of a cell; a decrease in this 

potential which will also decrease the ratio is an 
( 1 0 )

indicator of Hyperhomocysteinemia . DNA 

methylation is important as it is essential for normal 

development &maintenance of cellular homeostasis 

&functions in adult organisms, such as genomic 
(11)

imprinting , inactivation of the X chromosome in 
(12) (13)females , silencing of repetitive DNA elements . 

Studies have established inverse relations in levels of 
(14)

SAH and DNA methylation in lymphocytes ; this 

means disruption in cellular homeostasis due to DNA 

hypomethylation due to an increase in SAH caused by 

the increase in levels of homocysteine. The significance 

of DNA methylation and atherosclerosis has been 
(15,16)widely noted .

Pyroptotic cell death due to homocysteine

Studies have shown that Hyperhomocysteinemia 

promotes endothelial apoptosis leading to endothelial 
( 1 7 )dysfunction .it has also been proven that 

Hyperhomocysteinemia promotes systemic and vessel 

wall inflammation by inducing inflammatory monocyte 
(18)

differentiation . Homocysteine has also proven to 

induce endothelial pyroptosis, an inflammatory cell 

death form. Pyroptosis releases fever-producing 

cytokine interleukin-1. Hang Xi et.al. also established 

the relation between how inflammasome activation in 

hyperhomocysteinemia-induced cell death and 
(19)endothelial dysfunction . Hang Xi et al. also proved 

that homocysteine activates caspase-1, caspase-8, 

caspase-9, and caspase-3 in sequential order, thus 

proving caspase-1(interleukin-1βconverting enzyme or 

ICE) activation is may be responsible for 
(19)

homocysteine-induced pyroptosis . This promotion in 

inflammasome assembly and activation of caspase-1 

may be the cause of endothelial inflammation.

Homocysteine and cardiovascular diseases 

Heart pathological conditions, including diseased 

vessels, structural problems, blood clots, etc., are called 
(20)

cardiovascular diseases (CVD) . CVD-related deaths 

are more common than any other, if not the most 

common in the world. There are various contributing 

factors for CVD, but this study focuses mainly on 

homocysteine-induced problems. Various studies 

regarding CVD have shown that more than 50% of 

cases of CVD show classical risk factors which do not 

include homocysteine. The Framingham risk score 

(FRS) is an important instrument in predicting coronary 

artery disease in patients with classical risk factors such 

as dyslipidemia, hypertension, diabetes mellitus, 
(21)

smoking. Still, it does not include homocysteine . 

Still, Hyperhomocysteinemia in CVD is found in more 

than 40% of the cases, which is significant. Thus, 

proving it to be an independent risk factor.

Left ventricular hypertrophy

Studies have shown that LVH is associated with 

Hyperhomocysteinemia in rural northeast China, more 

so the presence of metabolic syndrome (syndrome X) 

and Hyperhomocysteinemia increases the risk 
(22)

of LVH . The possible reason for hyperhomo 

cysteinemia-induced cardiac hypertrophy may be an 

increase in the density of mast cells and their 
(23)degranulation . Mast cells on degranulation release 

(24)
histamine . Histamine, in turn, induces the expression 

of c-fos, an oncogene involved in the development of 
(25)

hypertrophy . This chymase stored in the granules of 

mast cells as a complex with heparin proteoglycan is 

also released during degranulation of mast cells 

converting angiotensin 1 to angiotensin 2. This, 

angiotensin 2, provides signals for immediate early c-

fos, jun B, Egr-1, and c-myc in both myocyte and non-

myocyte; Angiotensin II also induces the fetal program 

(induction of skeletal a-actin and ANF) and induces 
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expression of the angiotensinogen gene and TGF-β1 

(transforming growth factor) gene. The hypertrophy is 

mainly mediated by the angiotensin receptor 
(26,27)

1(AT-1)

Mast cells (cardiac) secretes TNFα, a proinflammatory 

cytokine that activates nuclear factor-kappa β, inducing 
(28)hypertrophy . Mast cells also release TGFβ, which 

activates TGFβ active kinase; this, in turn, activates 

mitogen-activated protein kinase to induce 
(29)hypertrophy .

Higher plasma homocysteine is also associated with 

long QTc intervals (corrected QT interval = QT /square 
(30)

root of RR interval) , normal QTc is less than 0.46 

seconds if more it is called a prolonged interval which is 

related to ventricular arrhythmia, which may result in 

cardiac death. 

Thrombosis induced by Hyperhomocysteinemia

Venous thrombosis: - Studies have shown that mild 

Hyperhomocysteinemia may cause venous thrombosis, 

also suggested that an increase in the plasma 

homocysteine levels increased the risk of thrombosis, 

suggesting that there must be a threshold above which 
(31)

homocysteine has thrombogenic effects . Falcon et al. 

reported that elevated homocysteine levels were 
( 3 2 )

a  r i sk  fac tor  for  juveni le  thrombosis ,  

hyperhomocysteinemia in adults can as well cause 
(31)thrombosis . Rodgers's study can understand the 

mechanism by which homocysteine produces 

thrombosis, which suggested that homocysteine 

directly interacts with thrombomodulin-thrombin and 

thrombomodulin-protein C interactions and impairs 

them; his study also suggested that homocysteine may 
(33)act as a competitive inhibitor to Thrombin . This 

pathological effect seems to have more effect in women 

than in men, even though women have lower plasma 
(34)homocysteine levels . 

Arterial thrombosis

Experiments have shown that the occurrence of 

thrombotic occlusion of the carotid artery is 50% more 
(35)in hyperhomocysteinemic mice than in control mice . 

A Possible explanation could be the lack of endothelial-

derived nitric oxide causing enhanced platelet 
(36)activation . Another possible explanation can be the 

decrease in the activity of thrombomodulin due to 

Hyperhomocysteinemia, which is found in the luminal 

surface of endothelium and is responsible for the 
(37, 38)

activation of anticoagulant protein C .

Endothelial cell dysfunction

The term "endothelial dysfunction" refers to the 

impairment of the normal homeostatic properties of 

vascular endothelium, including endothelium-

dependent regulation of vascular tone, hemostasis, and 
( 3 9 )inflammation .  Studies have shown that  

Hyperhomocysteinemia induces endothelial  
(40,41)

dysfunction . However, it depends on various other 

factors  such as hypercholesterolemia and 
(40)hypertension . Studies have shown that homocysteine 

(42)
induces endoplasmic reticulum (ER) stress , also 

(43)
induces proinflammatory responses . The mechanism 

by which homocysteine produces endothelial stress 

maybe because of the increase in expression and 

synthesis of GRP78 (ER-resident chaperon & a member 

of 70- Kd heat shock protein family). This GRP78 is 
(44)induced by agents which produce ER stress . Thus, 

suggesting that homocysteine alters cellular redox state, 

leading to ER stress. The Study by TSAI and colleagues 

also proved that homocysteine decreases DNA 

synthesis in endothelial cells (whereas it increases DNA 

synthesis in vascular smooth muscle cells) and 

negatively affects the regeneration of damaged 
(45)

endothelial cells . 

Tyagi et al., in their study, proved that homocysteine 

causes oxidative redox stress in vascular cells, mainly in 
(46)

the endothelium . From figure 3, we understand that 

homocysteine induces the production of Thrombin and 

the induction of Latent MMPs, which help in 

the differential expression of PARs, specifically PAR-
(47, 48, 49)

4 . Homocysteine causes a decrease in thioredoxin, 

the reactive oxygen species (superoxide-O2.) reacts 

with nitric oxide (NO) generates peroxynitrite

(OONO-), which forms nitro tyrosine by reacting with 

tyrosine residues, thus increasing the levels of 
(50)nitrotyrosine . Homocysteine also decreases NO 

bioavailability by aiding in ADMA (endogenous 

inhibitor) production, thus inhibiting e-NOS. It also 

uncouples e-NOS which results in ROS production, 

thereby further decreasing the bioavailability of NO. 
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Production of ADMA is regulated by DDAH, which 

gets inactivated by homocysteine. This further 

increases the levels of ADMA. Thus, homocysteine 

induces oxidative stress by up regulation of PAR-4 (G-

protein coupled receptor), decreasing thioredoxin, 
(51)increasing iNOS & NADPH oxidase expression .

Hyperhomocysteinemia has also proven to cause a 

decrease in EC-SOD levels (most abundant isoenzyme 

of superoxide dismutase – SOD) in the vascular wall. 

SOD scavenges the anions which damage the 

endothelium; this, the function gets significantly 
(52)

impaired and thus potentiates oxidative stress .

Acute coronary syndrome 

Malondialdehyde (MDA) is one of the final products of 

polyunsaturated fatty acid peroxidation. Increased 

levels of free radicals will lead to overexpression of 
(53)

MDA . MDA causes lipid peroxidation by in-vitro 

oxidation of LDL, leading to hydro peroxides that are 

converted to aldehydes. These aldehydes react with 

lysine residues in the Apo lipoprotein B-100 moiety 

rendering the LDL more negative in its charge; this 

result in a decreased affinity for the LDL receptor and an 

Fig 3: Increase in oxidative stress due to activation of 
latent matrix metalloproteins and Protease 
activated receptors.

PAR
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Abbreviations: -
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NO2-Tyrosine

-ONOO

NADPH Oxidase

.GSSG + H O + O2 2 22GSH +2O2

THIOREDOXIN

HOMOCYSTEINE
ADMA NO + Citrulline

i-NOS

O2

L-Arg

DDAH

Active MMP

increased affinity for scavenger receptors is called 

MDA-modified LDL (MDA-LDL). MDA-LDL is a 
(54)

very significant systemic oxidative stress marker . 

Homocysteine, as we discussed, increases the 

production of reactive oxygen species and thus free 

radicals. MDA-LDL being immunogenic and bound to 

the antibodies enters the intima of the vessel and binds 

with macrophages. This is called a foam cell which 

accumulates in the vessel forming an atherosclerotic 

plaque. Therefore, MDA-LDL levels are high in acute 

coronary syndrome along with high homocysteine 
(55)

levels .  

Treatment

Treatment varies with respect to the underlying cause. 

However, Folic acid supplementation has proved to 

reduce homocysteine levels because: -

1. Folate is a methyl donor, thereby reduces 

homocysteine levels, 

2. Folate reduces the oxidant stress by its 

antioxidant actions, 

5-MTHF can reduce superoxide generation by acting on 

two generation systems, namely xanthine oxidase/ 

hypoxanthine & action on endothelial nitric oxide 
(47)synthase . 

1. Folate acts as an electron donor, enhances 

binding of BH4 to e-NOS (endothelial nitric 

oxide synthase), and increases BH4 

availability, thus helping in the generation of 
(47)

endothelial nitric oxide . 

Mast cell stabilizers like sodium cromoglycate & 

ketotifen have also proven to attenuate homocysteine-

induced hypertrophy. They decrease the heart's 

oxidative stress, protect mast cells from degranulation, 
(56)and increase mast cell density .

Conclusion

Various theories have been proposed to explain the 

effects of Hyperhomocysteinemia and its effects on 

cardiovascular diseases by causing Endothelial 

dysfunction, Ischemic heart diseases, Thrombosis,S ER 

stress, etc. All these theories have again and again 

proven the fact that homocysteine has been playing a 

role in causing various cardiovascular defects. Thus, 
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homocysteine should be named as an independent 

marker for causing cardiovascular diseases. 
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