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Abstract  

 

Cardiovascular diseases (CVD) are the leading cause of excess death worldwide, but to this day it is not clear 

how their multifactorial pathology develops. In recent years, a large number of studies have proven that the 

incidence of cardiovascular morbidity and mortality from CVD varies from both genetic predisposition and 

metabolic disorders of the methionine cycle of homocysteine (Hcy) metabolism, which leads to 

hyperhomocysteinemia (HHCy) and the occurrence of premature and accelerated cardiac atherosclerosis (Ath)  

and premature death. The impact of  HHcy  on the occurrence of CVD remains unclear, but it is assumed to be 

related to the role of H2S by increasing H2S production, which reduces the expression of adenosine A2A 

receptors on the surface of cardiovascular cells, activates Nuclear Factor-kappa B (NF-κB),conversion to Hcy-

thiolactone and induction of autoimmune response and thrombo-genesis.Increase in proinflammatory cytokines 

to cause inflammation, premature atherosclerosis, myoca-rdial infarction, cerebrovascular disease, peripheral 

arterial disease and coronary ischemia. HHCy acts on endothelial cell permeability by inhibiting endothelial 

nitric oxide synthase,which produces nitric oxide (NO) leading to coronary ischemia.HHCy is a condition in 

which the plasma HCy concentration is elevated ≥15 μmol/L (refer.value 5-15 μmol/L), which occurs as a result 

of an imbalance between its biosynthesis and catabolism. Supplementation with vitamins B6,B12 and folic acid 

has been shown to have very positive effects on reducing homocysteine as well as on reducing vascular 

premature Ath changes in the coronary, cerebral and peripheral blood vessels. Previous research proposed a 

positive role of H2S in the cardiovascular system, and we discuss some recent data suggesting that HHcy 

worsens CVD by increasing the production of H2S, which decreases the expression of adenosine A2A receptors 

on the surface of immune and cardiovascular cells to cause inflammation and ischemia, respectively[1].  
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1. Introduction 

 

CVD continues to be a major cause of disability and mortality in both developed and developing 

countries. Elevated Hcy (HHcy) concentrations are considered a risk factor for the occurrence 

of premature atherosclerotic processes and atherosclerotic changes in coronary, cerebral and 

peripheral blood vessels. HHcy increases the risk of CVD through several mechanisms: damage 

to endothelial cells, reduced production of nitric oxide (NO) which affects blood vessels, with 

vasoconstriction and formation of atherosclerotic plaques, increased oxidative stress, increased 

free radicals[1,2,3].HHcy affects the activation of the renin-angiotensin-aldosterone system 

(RAAS) by increasing vasoconstriction, sodium and water retention, which affects the increase 

in arterial pressure. Although the increase in Hcy levels in patients with CVD has not been 

definitively established, it is assumed that HHcy occurs as a result of an increase in the rate of 

Hcy production (i.e., transmethylation, transsulfuration), decreased excretion due to reduced 

renal metabolic clearance, decreased peritubular excretion, or as a result of any genetic defect 

in Hcy metabolism (which contributes to the increase in Hcy levels) [4,5,6,7]. Patients with 

very high levels of total Hcy (>100 μmol/L) due to inborn metabolic defects affecting 

cystathionine-β-synthase are potential candidates for the development of premature 

atherosclerotic processes and thrombolytic disorders. Homocysteine (Hcy) is a nonessential 
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sulfur-containing amino acid and plays an important role in the Hcy-methionine cycle through 

its interaction with folic acid and vitamin B12. Disruption of this metabolic process can result 

in the accumulation of Hcy, which affects vascular tissue damage, damage to the coronary, 

cerebral and peripheral arteries. In recent years, many studies have been conducted on the effect 

of HHcy and its influence on the occurrence of premature atherosclerotic changes, and all have 

proven that HHcy is an important parameter for the early occurrence of atherosclerotic 

processes in the coronary arteries and cardiovascular diseases [8-11].Treatment of HHcy may 

affect the prevention of occlusive vascular damage. The harmful effects of HHcy are due to the 

production of oxidants (reactive oxygen species) generated during the oxidation of Hcy and 

disulfides in the blood. Numerous studies have shown that the level of total Hcy  increases as a 

result of folic acid, cyanocobalamin, pyridoxine deficiency, smoking, and aging. Numerous 

studies have confirmed that there is a high positive correlation between HHcy, arterial 

hypertension, and hypertriglyceridemia, while there is a high negative correlation between 

HHcy and glomerular filtration rate (an increase in Hcy is accompanied by a decrease in 

glomerular filtration rate[12,13,14]. 

 

2. Purpose of the paper 

 

 Was to emphasize the importance of monitoring homocysteine as a potential biomarker in the 

prevention and management of cardiovascular diseases (CVD). 

 

 3. Material and methods 

 

The study included 100 patients with cardiovascular diseases (of which 60 were men and 40 

women with an average age of 54.30±8.00 years, and 70 healthy subjects (40 men and 30 

women with an identical age of 52.00±5.00 years) voluntary blood donors who served to 

compare the results obtained between patients with CVD and the control group. In both patients 

and the control group, the Hcy values were measured every 6 months for a period of 24 months. 

 
Table 1: distribution of patients and the control group according to gender and average age 

Number of 

patients=100 

Average age ±SD  Control 

group=70   

  Average age 

±SD   

Female=40 54.30±8.00 years  30 52.00±8.00 years 

Male=60 54.30±8.00 years 40 52.00±8.00 years 
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4. Statistical processing of the results 

 

The results obtained from the patients examined with IRK, IRKT and the control group were 

statistically processed with arithmetic mean value, standard deviation X ± SD, with the student's 

"t" test, Mann-Whitney and Wilcoxon test.The results were processed with the SPSS V26 

program. 

 

5. Results: 

 

The results obtained present the average values, obtained within 24 months. The difference in 

parameters between patients and the control group was significant for p<0.001.In all patients at 

the beginning of the study, the Hcy values were =19.00±2.00 μmol/L, while at the end of the 

study (after 24 months) the average values were increased to=28.60±4.00μmol/L,indicating a 

progressive deterio-ration of this biochemical indicator, which is closely related to the risk of 

cardiovascular diseases. In healthy subjects, Hcy values were=8.50±3.20 μmol/L.The 

difference between Hcy values in patients with CVD and the control group of healthy subjects 

was significant at p<0.001.It is worth noting that men had significantly higher Hcy levels 

compared to women, both at the beginning of the study and after the end of the follow-up 

period.These data indicate that increased Hcy may have a direct or indirect impact on the 

progression of cardiovascular pathologies,especially in groups with a higher predisposition. 

 
Table 2: Presentation of patients according to CVD 

Number of patients =100 Female40, Male=60 

With a history of CVD 40 

Angina pectoris non stabilis 35 

Status post Infarctum myocardi 45 

Diabetes mellitus 40 

Adipose with BMIx>25-30 kg/m2 20 

Hypertension 40 

 
 

Table 3: Obtained results from the patients and the control group 

40

35

45

40

20

40

0

5

10

15

20

25

30

35

40

45

50

With a history
of CVD

Angina pectoris
non stabilis

Status post
Infarctum
myocardi

Diabetes
mellitus

Adipos with
BMIx>25-30

kg/m2

Hypertension

Female=40, Male=60



97 

 

 

 

 

Patients with 

CVD 

TG mmol/l HDL-ch 

mmol/l 

LDL-ch 

mmol/l 

tHcy µmol/L 

100 3.40±0.50 0.96±0.20 4.50±0.60 28.60±4.00 

Contr. 

Group=70 

1.45±0.40 2.48±0.45 3.40±0.30 8.60±0.3.20 

p 0.001 0.001 0.001 0.001 

 

The results obtained present the average values, obtained within 24 months. The difference in 

parameters between patients and the control group was significant for p=0.001. 

 

 
 

6. Discussion 

 

CVD is a leading cause of death, but how the multifactorial pathology develops is unclear. The 

incidence of cardiovascular morbidity-mortality from CVD varies depending on conventional 

risk factors [15,16].Factors that influence the risk of developing CVD include genetic history 

(gender, family or ethnicity)   or poor lifestyle (smoking, alcohol use, lack of activity or 

unhealthy diet). Hypertension is the most common modifiable risk factor for CVD [17,18].CVD 

are the main cause of death in 44-75% of victims with CKD, Life expectancy of individuals 

with CKD is significantly lower than those with normal kidney function, estimated to be less 

than 50% compared to the general population. Of which only 22% from acute coronary 

syndrome. Hcy is a sulfur-containing non-essential amino acid that plays a role in the Hcy-

methionine cycle through its interaction with folic acid and vitamin B12. Hcy is considered an 

unconventional prognostic biomarker for CVD both in the general population. It has been 

verified that reducing Hcy concentrations in serum reduces the risk of premature atherosclerosis 

and CVD. The decrease in NO synthesis has a key role in the development of the atherosclerosis 

process. The definition of HHCy is controversial, but it is generally defined as plasma HCy ≥ 

10 μmol/L. However, a slight increase (10–15 μmol/L) in plasma HCy level is associated with 

morbi-mortality   and a higher cut-off (≥15 μmol/L) was also considered to designate HHCy  

[19,20]. In conclusion, HHCy is categorized into three classes as mild, moderate and severe 

HHCy with plasma HCy levels ranging from 15 to 30 μmol/L, 31 to 100 μmol/L and > 100 

μmol/L, respectively [21].HHcy contributes to the development of CVD through several 

mechanisms, including the negative effects of Hcy on vascular endothelium and smooth muscle 

cells, which lead to changes in arterial structure and function. Hcy is an independent risk factor 
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for the development of premature atherosclerosis leading to CVD [22,23].And HHcy is highly 

correlated with plasma HCy levels and the severity of atherosclerosis. HHCy is associated with 

the etiology of myocardial infarction and cerebral stroke,but the mechanisms of HCy-induced 

CVD are unclear [24,25]. HHCy activates Nuclear Factor-kappa B (NF-κB), which regulates 

the transcription of genes involved in inflammatory and immune responses to increase pro-

inflammatory cytokines and decrease anti-inflammatory cytokines and also causes endothelial 

cell dysfunction by decreasing endothelial antioxidant defenses to cause oxidative stress and an 

increase in intracellular concentration of reactive oxygen species (ROS)[26,27].ROS affect 

lipoprotein metabolism, and contribute to the growth of atherosclerotic vascular lesions. The 

effects of HHCy on CVD may also be due to increased production of hydrogen sulfide 

(H2S].HCy acts on blood vessels by controlling vascular smooth muscle cell contractility and 

endothelial cell permeability through inhibition of endothelial nitric oxide synthase, which 

produces nitric oxide (NO) [28,29,30].To alleviate intracellular accumulation of HCy when the 

remethylation pathway is impaired, endothelial cells export HCy into the circulation. The 

mechanism of HCy transport in the vascular endothelium is not well defined, but human aortic 

endothelial cells bind and import HCy via at least four known sodium-dependent cysteine 

transport systems.  

 

7. Conclusions 

 

In conclusion, we recommend that Hcy testing be introduced in patients with a predisposition 

to CVD in examinations in order to prevent frequent cardiovascular, cerebral and peripheral 

disorders. In this context, regular monitoring of Hcy and consideration of interventions aimed 

at its reduction (such as folic acid and vitamin B supplementation) may be important steps in 

the prevention and long-term management of cardiovascular risk. 

 

References 

 
[1]. Pushpakumar S, Kundu S, Sen U. Endothelial dysfunction: the link between homocysteine and  

hydrogen sulfide. Curr Med Chem. 2014;21:3662–3672. 

[2]. Bendini MG, Lanza GA. et al. Risk factors for cardiovascular diseases: what is the role for 

homocysteine? G Ital Cardiol (Rome) 2007;8:148–160. 

 [3]. Satta E, Perna AF, Lombardi C, Acanfora F, et al. Hyperhomocysteinemia in chronic renal failure. 

Rewiev Ital Nefrol. 2006 Sep-Oct;23(5):480-9. 

[4]. Stam F, van Guldener C, ter Wee PM, et al. Homocysteine clearance and methylation flux rates in 

health and end-stage renal disease: association with S-adenosylhomocysteine. Am J Physiol Renal 

Physiol. 2004 Aug; 287 (2):F215-23. 

 [5]. Veeranna V, et al. Homocysteine and reclassification of cardiovascular disease risk. J Am Coll 

Cardiol. 2011; 58:1025-33. 

[6]. Baszczuk A, Kopczynski Z. Hyperhomocysteinemia in patients with cardio-vascular disease.Hig 

Med Dosw. 2014;68:579. 

[7]. S Ramakrishnan, K N Sulochana, et al. Biochemi-stry of homocysteine in health and  diseases.Indian 

J Biochem Biophys, 2006 Oct;43(5):275-83.  

[8]. Schaffer A, Verdoia M, et al.Suryapranata H, Luca GD. Relationship between homocysteine and 

coronary artery disease. Results from a large prospective cohort study. Thromb Res. 2014;134:288–93. 

[9]. Bots, Michiel L.Lenore J.et al. "Homocysteine and Short-term Risk of Myocardial Infarction and 

Stroke in the Elderly". Archives of Internal Medicine. 1999-01-11). 159 (1): 38–44. 

[10]. Selhub, J.; Jacques, P. F.; Bostom, A. G.et al. "Relationship between plasma homocysteine and 

vitamin status in the Framingham study population. Impact of folic acid fortification". Public Health 

Reviews. 2000, 28 (1–4): 117–145. 

[11]. .Pushpakumar S., Kundu S., Sen U. Endothelial dysfunction: The link between homocysteine and 

hydrogen sulfide. Curr. Med. Chem. 2014;21:3662–3672. 

[12]. Stevens S.L., Wood S., Koshiaris C., et al.Blood pressure variability and cardiovascular disease: 

Systematic review and meta-analysis. BMJ. 2016;354:i4098.  



99 

 

 

 

 

[13].Ma W., Zhang B., Yang Y., Qi L., et al. Correlating the relationship between interarm systolic blood 

pressure and cardiovascular disease risk factors. J. Clin. Hypertens. 2017;19:466–471.   

[14].Van Guldener C., Nanayakkara P.W.B., Stehouwer C.D.A. Homocysteine and blood pressure. Curr. 

Hypertens. Rep. 2003;5:26–31.   

[15]. Redon J. Global cardiovascular risk assessment: Strengths and limitations. High Blood Press. 

Cardiovasc. Prev. 2016;23:87–90.  

 [16].Franck Paganelli , Giovanna Mottola,Julien Fromonot et al..Hyperhomocysteinemia and Cardiova-

scular Disease: Is the Adenosinergic System the Missing Link? Int J Mol Sci 2021 Feb 8;22(4):1690.  

[17].Doughty K.N., Del Pilar N.X., Audette A.,et al. Lifestyle medicine and the management of cardio-

vascular disease. Curr. Cardiol. Rep. 2017;19:116  

[18].Stevens S.L., Wood S., Koshiaris C.,et al.. Blood pressure variability and cardiovascular disease: 

Systematic review and meta-analysis. BMJ. 2016;354:i4098.  

[19].Zhong C., Xu T., Xu T., Peng Y., Wang A., Wang J., Peng H., Li Q., Geng D., Zhang D., et al. 

Plasma homocysteine and prognosis of acute ischemic stroke: A gender-specific analysis from CATIS 

randomized clinical trial. Mol. Neurobiol. 2017;54:2022–2030.   

[20].Skeete J., Di Pette D.J. Relationship between homocysteine and hypertension: New data add to the 

debate. J. Clin. Hypertens. 2017;19:1171–1172  

[21].Handy D.E., Loscalzo J. Homocysteine and atherothrombosis: Diagnosis and treatment. Curr. 

Atheroscler. Rep. 2003;5:276–283.   

[22].Catena C., Colussi G., Nait F., Capobianco F., Sechi L.A. Elevated homocysteine levels are 

associated with the metabolic syndrome and cardiovascular events in hypertensive patients. Am. J. 

Hypertens. 2014;28:943–950.   

[23].Catena C., Colussi G., Url–Michitsch M., Nait F., Sechi L.A. Subclinical carotid artery disease and 

plasma homocysteine levels in patients with hypertension. J. Am. Soc. Hypertens. 2015;9:167–175.   

 [24].Yang F., Tan H.M., Wang H. Hyperhomocysteinemia and atherosclerosis. Sheng Li Xue Bao. 

2005;57:103–114.   

[ 25].Ungvari Z., Csiszar A., Edwards J.G.,et al.Increased superoxide production in coronary arteries in 

hyperhomocysteinemia. Arterioscler. Thromb. Vasc. Biol. 2003;23:418–424.   

[26].Elsherbiny N.M., Sharma I., Kira D.,et al. Homocysteine induces inflammation in retina and brain. 

Biomolecules. 2020;10:393.   

[27].Wald D.S., Wald N.J., Morris J.K., Law M. Folic acid, homocysteine, and cardiovascular disease: 

Judging causality in the face of inconclusive trial evidence. BMJ. 2006;333:1114–1117.   

]28].Faverzani J.L., Hammerschmidt T.G., Sitta A.,et al. Oxidative stress in homocystinuria due to 

cystathionine ß-synthase deficiency: Findings in patients and in animal models. Cell. Mol. Neurobiol. 

2017;37:1477–1485.  

[29]. Stuhlinger M.C., Tsao P.S., Her J.H., Kimoto M., Balint R.F., Cooke J.P. Homocysteine impairs 

the nitric oxide synthase pathway: Role of asymmetric dimethylarginine. Circulation. 2001;104:2569–

2575.   

[30].Pushpakumar S., Kundu S., Sen U. Endothelial dysfunction: The link between homocysteine and 

hydrogen sulfide. Curr. Med. Chem. 2014;21:3662–3672.   

 

  

  

 

 

 

 

 

https://pubmed.ncbi.nlm.nih.gov/?term=Paganelli+F&cauthor_id=33567540
https://pubmed.ncbi.nlm.nih.gov/?term=Mottola+G&cauthor_id=33567540
https://pubmed.ncbi.nlm.nih.gov/?term=Fromonot+J&cauthor_id=33567540

