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Introduction 

Indian patients have higher incidence of cardiac 

diseases inspite of the conventional risk factors 

comparable to western counterpart. The increased 

excess cardiac risk in Indians as compared to 

western population remains unexplained. Low 

serum vitamin B 12 and high serum homocysteine 

levels are known predictors of cardiovascular 

mortality and are highly frequent in Indians .Our 

present study was taken to ascertain whether these  

two factors are responsible for excess cardiac risk 

in indians.  

 

Aim of the study  

We in our study aimed to study subjects with AMI  

in whom  most of the known risk factors for 

cardiovascular disease are absent  but were 

deficient in vitamin B12 or having high S. 

homocysteine levels and correlate the two 

parameters. 

 

Material and Methods 

Subjects presenting to our Asian tertiary care 

hospital who were having first time MI (naive) 

patients without any cardiac disease or any 

treatment and without any  family history. All 

patients with STEMI less than 12hours of duration 

and no past history of cardiac disease/DM/HTN/ 

Dyslipidemia were included. After obtaining 

written informed consent, detailed history was 

sought and subjects were again evaluated for 

routine laboratory biochemical parameters 

including  Serum vitamin B12 levels and serum 

homocysteine levels, coronary  angiography and 

ECHO. 100 Subjects who were found to be 

suffering from AMI were included as cases , and 

20 subjects showing symptoms of chest pain but 

lacking any elevation in CK total or CK MB , no 

changes on ECG and normal ECHO and 

angiographic findings were included as controls. 

 

Results 

Various risk factors of AMI including Age, non 

vegetarian diet, DM, HTN, Family history, BMI, 

Dyslipidemia, Low HDL, High TG, LDL, 

Cholesterol  were found to be lower in cases 

compared to controls. Serum vitamin B 12 levels 

were found to be significantly lower (<0.0001) 

and serum homocysteine levels(<0.0001)  were 

significantly higher in cases. Further Weak 

downhill (r=-0.367) but significant correlation 

was noted between S. Vit B 12 and S. 
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Homocystein levels. Also significant association 

was noted between low s. Vit. B12 and high 

homocysteine and Acute MI. ROC curve was 

plotted to evaluate predictive value of parameters 

for AMI. Vitamin B12 was found to have AUC of 

96.2 % and sensitivity of 95% and specificity of 

100 % at cut off value lower than 360pg/L. Also 

Serum homocysteine was found to have AUC of 

93.2 % and sensitivity of 86% and specificity of 

100 % at cut off value higher than 25.3 mcg/L. 

 

Table: General characteristics of study subjects 

Characteristics Controls Cases P value 

Age  (years) 52.5 ± 8.9 46.5 ± 16.21 0.11 

Gender Male 6 (30) 88 (88) <0.0001 

Female 14 (70) 12 (12) 

Diet Vegetarian 9 (45) 68 (68) 0.05 

Non-Vegetarian  11 (55) 32 (32) 

Alcohol 6 (30) 9 (9) 0.010 

Smoking 6 (30) 12 (12) 0.040 

DM 12 (60) 6 (6) <0.0001 

HTN 9 (45) 10 (10) <0.0001 

BMI (Kg/m
2
) 26.5 ± 3.6 24.8 ± 2.5 0.009 

Dysliipidemia 6 (30) 14 (14) <0.0001 

Family H/O 3 (15) 13 (13) 0.810 

PT/INR Deranged 0 (0) 8 (8) 0.19 

S. HDL(mg/dl) 43.8 ± 12.5 44.7 ± 13.2 0.77 

S. Chol(mg/dl) 184.4±  17.3 172.5±  29.3 0.083 

S. LDL(mg/dl) 135.2 ± 19.0 117.3±  28.3 0.008 

S. TG (mg/dl) 141.6±  42.2 139.7 ± 63.4 0.900 

CK (U/L) 189.8±  78.8 112.8 ± 1075.4 <0.0001 

CK MB (ng/ml) 30.2 ± 6.9 264.2 ± 211.7 <0.0001 

Vit B12  (ng/ml) 629.0±  207.9 205.1± 173.5 <0.0001 

Homocystein (mcg/L) 14.9 ± 4.8 44.02 ± 15.7 <0.0001 

Coronary 

angiography findings 

SVD 0 (0) 67 (67) <0.0001 

DVD 0 (0) 19(19) 

TVD 0 (0) 14 (14) 

Normal 20 (100) 0 (0) 

Ejection fraction on ECHO (%) 51.0  14.3 45.1  9.2 0.021 

 

Table:  Association of  serum vitamin B12 levels with AMI 

   Vit B 12 

Total 

P value 

   Vit B 12 

deficiency Normal High Vit B12 

Group Controls Count 0 17 3 20 <0.0001 

% within Vit B 12 .0% 33.3% 60.0% 16.7% 

Cases Count 64 34 2 100 

% within Vit B 12 100.0% 66.7% 40.0% 83.3% 

Total Count 64 51 5 120  

% within Vit B 12 100.0% 100.0% 100.0% 100.0%  

 

ODDS Ratio 95%C.I. P value 

72.45 4.25 1233.49 0.0031 
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Table: Correlation of serum vitamin B12 with Serum  Homocysteine 

  r p Value 

Vit. B 12 S. Homocysteine -0.367 <0.0001 

 

Table: Association of Serum Homocysteine  levels with AMI 

   S. Homocystein (mcg/L) 

Total 

P value 

   Normal Hyperhomocysteinurea 

Group Controls Count 17 3 20 <0.0001 

% within S. Homocysteine(mcg/L) 65.4% 3.2% 16.7% 

Cases Count 9 91 100 

% within S. Homocysteine (mcg/L) 34.6% 96.8% 83.3% 

Total Count 26 94 120  

% within S. Homocysteine (mcg/L) 100.0% 100.0% 100.0%  

 

ODDS Ratio 95%C.I. P value 

57.29 14.05 233.64 <0.0001 

 

 
 

Table: Predictive significance of Vit B 12 and Homocysteine for AMI 

Parameter 

Area Std. Error P value 

Asymptotic 95% Confidence Interval Cut-off Sensitivity Specificity 

Lower Bound Upper Bound 

Vit . B12 .962 .017 .000 .928 .996 360.0 95% 100% 

S.  homocysteine .932 .023 .000 .887 .977 25.3 86% 100% 
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Conclusion 

In individuals especially younger age group(20-

30years) who lack conventional risk factors/ 

family history of coronary artery disease, low 

serum  vitamin B12  levels and high serum 

homocysteine levels pose significant risk of heart 

disease. Serum vitamin B12 and serum 

homocysteine levels should be regularly assessed 

to predict the risk of AMI in subjects with lack of 

other risk factors along with dietary and lifestyle 

changes.  

Cardiovascular disease has been associated with 

both homocysteine and vitamin B12 levels    
[1-6]

. 

Elevated homocysteine levels are associated with 

increased thrombosis andincreased extent of 

myocardial injury. Very high levels of 

homocysteine have been previously reported in 

healthy adult populations in Asia especially India 

with nutritional deficiency and lead pollution 

being possibly the major determinants.  

Homocysteine is a thiol-containing amino acid 

derived from the demethylation of methionine that 

circulates in plasma in 3 forms: as a single free 

amino acid (1%), as homocysteine or cysteine-

homocysteinedisulfides (20% to 30%), or bound 

to plasma proteins (70% to 80%). Together, these 

account for total plasma homocysteine (tHcy). 

Inborn errors of metabolism arising from a 

deficiency of Hcy-metabolizing enzymes result in 

extremely high tHcy concentrations (severe 

hyperhomocysteinemia) and are associated with 

prematurevascular thrombosis, possibly as a result 

of oxidative damage mediated by the sulfhydryl 

group of free single-chain homocystine. Mild 

hyperhomocysteinemia results from both 

nutritional and more subtle genetic influences. 
[1-7]

 

Theiris evidence  from an  unexplained 

observation that although homozygosity for the T 

allele of the C677T polymorphism of methylene 

tetrahydrofolatereductase is associated with mild 

hyperhomocysteinemia, studies have failed to 

demonstrate this genotype as a risk factor for MI 

and stroke. In addition, obligate heterozygotes for 

cystathionine β synthase deficiency (ie, parents of 

children with homocystinuria) do not exhibit 

evidence of carotid or femoral atherosclerosis 

despite elevated tHcy levels. This lack of 

association between genetic abnormalities 

resulting in mild hyperhomocysteinemia and 

arterial disease further weakens the hypothesis 

that mild elevations in tHcy directly promote 

atherosclerosis and thrombosis.
[24]

 

Vitamin B12 is a water-soluble vitamin needed for 

normal nerve cell activity, DNA replication, and 

production of the mood-affecting substance SAMe 

(S-adenosyl-L-methionine). Vitamin B12 acts 

with folic acid and vitamin B6 to control 

homocysteine levels. Low serum vitamin B12 

concentrations are common in elderly patients in 

the general population. Humans are dependent on 

dietary intake of vitamin B12, mainly from animal 

food products, such as meat, fish and dairy 

products. Vitamin B12 deficiency may lead to a 

wide range of complications, of which 

megaloblastic anaemia is the most common. 

Absorption of vitamin B12 is a complex process, 

in which the stomach plays an important role. 

First, digesting enzymes liberate vitamin B12 

from its binding protein. Free vitamin B12 

subsequently binds to intrinsic factor, produced by 

parietal cells, to form an IF-B12-complex. Only 

the IF-B12-complex can be absorbed in the 

terminal ileum. Because of the complexity of this 

absorption process, there are several causes of 

vitamin B12 deficiency, such as low dietary 

intake, low production of protein digesting 

enzymes, low production of intrinsic factor, as a 

result of atrophic gastritis (whether or not induced 

by an infection with Helicobacter pylori) or 

impaired absorption by ileal pathology, 

respectively.
[1-2] 

 

Some conclude that low vitamin B12 and folic 

acid concentrations are associated with an 

increased risk of stroke, and the relationship for 

vitamin B12 is independent from the other known 

modifiable stroke risk factors. For understanding 

the effects of B12 and folate in stroke patients, 

more detailed follow-up studies with long period 

are needed.
[12]

 Hyperhomocysteinemia is an 

independent risk factor for atherothrombotic 
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cerebral stroke. Vitamin B12 and folic acid are 

important determinants of homocysteine 

metabolism.
[12]

 

Subclinical deficiencies of folate, vitamins B12 

and B6, and inheritance of the thermolabile 

variant of methylenetetra hydrofolatereductase are 

associated with modest elevations of 

homocysteineabove the 90th percentile of the 

normal range. Other conditions, including renal 

impairment, hypothyroidism, and drug therapy 

(eg, folate antimetabolites, theophylline, smoking, 

or oral contraceptives), are also associated with 

mild hyperhomocysteinemia. Whether this can 

cause premature arterial thrombosis is a 

contentious issue. Retrospective case-control 

studies have associated raised total homocysteine 

(tHcy) with both arterial and venous thrombosis.In 

contrast, results from prospective studies have 

been inconsistent, both supporting  and refuting  

raised tHcy levels as a risk factor for myocardial 

infarction (MI).
[1-6]

 

Normal serum Hcy levels might correspond to 

patients with no previous ischemic heart disease, 

whose myocardial cells are not already affected. 

The rise in Hcy levels on days after the infarction 

would then be explained by the post-infarction 

presence of a “frontier area” of cardiac cells 

between infarcted and healthy tissues. It may be 

that these cells are not necrosed but remain in a 

situation of ischemia (hypoxemia), with a reduced 

capacity to metabolize Hcy. The pathophysiol-

ogical mechanism by which risk increases is not 

clearly understood but includes such aspects as a 

toxic effect on the vascular endothelium, impaired 

endothelium-dependent relaxation, a 

hypercoagulable state resulting from down 

regulation of thrombomodulin expression, 

activation of factor V, inhibition of protein C 

activation, and perhaps increased platelet 

aggregation
.[11-14]

. Homocysteine has been linked 

in numerous in vitro studies with a diversity of 

mechanisms that could potentiate 

atherothrombosis, including disrupted endothelial 

function, impaired protein C activation, increased 

thrombin generation, and platelet aggregation. 
[1-6]

 

Given the relationship between Hcy and 

thrombosis, a high prevalence of thrombosis 

would be expected in patients with 

megaloblasticanemia. As a consequence of 

hyperhomocysteinemia, patients with acquired 

vitamin deficiency of vitamin B12/folate had a 

high risk of thrombosis. However, a more 

extensive study that controls risk variables and 

genetic factors is needed to sort out the various 

contributing factors.
[6b]

 

An increase in blood Hcy appears to be associated 

not only with chronic heart failure but also with 

acute myocardial infarction (MI). However, 

although treatment of MI patients with B vitamins 

achieved a substantial reduction in total plasma 

Hcy levels, it did not lower the risk of 

cardiovascular disease recurrence.
[5]

 

It was found that the number of patients taking 

medication associated with hyperhomocyst-

einemia (such as methotrexate, phenytoin, 

carbamazepine, or oral contraceptives) or the 

number who smoked did not significantly increase 

after acute stroke.
[8-9] 

The risk of MI especially in 

smokers may at least partly be attributed to 

hyperhomocysteinemia or low folate.
[10]

 

The evolution of homocysteine (Hcy) changes 

after acute myocardial infarction is still not 

elucidated. tHcy is elevated in the period 

predating stroke or MI and that concentrations 

temporarily fall in the acute phase by an as yet 

undetermined mechanism. It has been suggested 

that this may be related to the acute-phase 

response, with dilution of tHcy by increased 

synthesis of plasma proteins.It is still not clear 

whether the Hcy is a culprit or an innocent 

bystander in cardiovascular diseases. Addressing 

the discrepancies in Hcy changes in patients with 

acute myocardial infarction might give insight in 

Hcy role in cardiovascular diseases and offer 

implications both for the clinical interpretation 

and patients risk stratification.
[8-9]

 

Homocysteine level was significantly higher in 

acute MI in patients without any risk factors and 

were considered low risk according to the 

Framingham risk score. The findings support the 
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hypothesis that homocysteine level may be an 

independent risk factor for coronary artery 

disease.
[12-14]

 

Low homocysteine levels in elderly non–vitamin-

supplemented hospitalized patients should not be 

interpreted as a protective factor in some 

individuals. Instead, it may be considered as an 

effect of an inflammatory-malnutrition process 

associated with a poor prognosis. Treatment with 

B vitamins did not lower the risk of recurrent 

cardiovascular disease after acute myocardial 

infarction. A harmful effect from combined B 

vitamin treatment was suggested. Such treatment 

should therefore not be recommended.
[11][15] 

Treatment with B vitamins did not lower the risk 

of recurrent cardiovascular disease after acute 

myocardial infarction.
[11] 

Widely practiced folic 

acid fortification in the United States may mask or 

even worsen vitamin B12 deficiency over time, 

leading to more severe cases of vitamin B12 

deficiency and hyperhomocysteinemia than seen 

in the past.
[25]

 

The Multiple Risk Factor Intervention Trial 

(MRFIT) also suggested that homocysteine may 

be a stronger risk factor for the recurrence of 

events than for a first cardiovascular event.The 

relationship between plasma homocysteine and 

prognosis has been less well studied. The reported 

effect of homocysteine as a prothrombotic factor 

might lead one to predict that high homocysteine 

might exacerbate intracoronary thrombosis during 

the acute phase of these syndromes. In addition, 

the known effect of high homocysteine on 

endothelium, seen most dramatically in 

homocystinuria, might cause a more aggressive 

course of ischemic heart disease after discharge, 

leading to more rapid reinfarction and death in the 

follow-up period.
[17-23]

 

In contrast, patients with elevated Hcy levels on 

the day of the infarction may have a history of 

coronary atherosclerosis with asymptomatic 

myocardial ischemia that had already affected 

their myocardial cells. The subsequent decrease in 

levels on the days after infarction might be 

explained by a reduction in the total number of 

ischemic myocardial cells due to post-MI 

necrosis. It was previously reported that higher 

blood Hcy levels in MI patients correlated with 

worse mid-long-term outcomes.
[24]

 

Furthermore, raised homocysteine concentrations 

are associated with asymptomatic carotid artery 

wall thickening and stenosis and correlate with the 

severity of cerebral artery stenosis. It could 

therefore be postulated that elevated tHcy is a risk 

factor for atherothrombotic stroke in particular. 

Second, there is debate about whether tHcy is a 

causative risk factor in stroke and MI or is merely 

a secondary marker of risk in survivors.  Changes 

in factors known to affect Hcy metabolism, such 

as B12 and folate concentrations, smoking habit, 

and drug history, were also assessed to determine 

whether these were responsible for any observed 

change in tHcy concentration observed between 

the acute and convalescent periods. Increased 

serum homocysteine is associated with sudden 

death in the absence of acute coronary thrombosis, 

especially with concomitant diabetes, and with the 

presence of lipid-poor, fibrous plaques. Because 

thrombosis is a component of the progression of 

atherosclerosis, small increases in total homocy-

steine may accelerate atherosclerosis by a 

thrombotic mechanism. However, mechanisms 

independent of thrombosis may play a role in 

homocysteine-mediated atherogenesis, and 

unstable coronary syndromes are not always 

associated with elevations of total 

homocysteine.
[24]

 

Inverse relationship between serum levels of 

vitamin B12 and homocysteine in patients. the 

importance of testing for hyperhomocysteinemia 

as part of a workup for atherothrombotic disease, 

especially in patients without other significant risk 

factors.
[25]

 

As conventional risk factors fail to account for 

part of the cases, homocysteine, a "new" risk 

factor, is being viewed with mounting interest. 

Additional risk factors (smoking, arterial 

hypertension, diabetes, and hyperlipidemia) may 

additively or, by interacting with homocysteine, 

synergistically (and hence over proportionally) 
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increase overall risk. Supplementation is 

inexpensive, potentially effective, and devoid of 

adverse effects and, therefore, has an 

exceptionally favorable benefit/risk ratio. Folic 

acid deficiency is considered the most common 

cause of hyperhomocysteinemia.  The results of 

ongoing randomized controlled intervention trials 

must be available before screening for and 

treatment of hyperhomocysteinemia can be 

recommended for the apparently healthy general 

population. Most known forms of damage or 

injury are due to homocysteine-mediated 

oxidative stresses. Especially when acting as 

direct or indirect antagonists of cofactors and 

enzyme activities, numerous agents, drugs, 

diseases, and life style factors have an impact on 

homocysteine metabolism. 
[26]

 

Hyperhomocysteinemia, considered "the 

cholesterol of nineties", is an established risk 

factor for cardiovascular diseases and premature 

atherosclerosis.. More recently, hyperhomocys-

teinemia was associated with venous thrombosis. 

Several studies found a correlation with a usual 

site of thrombosis (central retinal vein, 

mesenterical level, cerebral veins, Budd-Chiari 

syndrome). Other studies showed the association 

between hyperhomocysteinemia and recurrent 

venous thrombosis.
[27]

 

Plasma concentrations of folate and pyridoxal-5'-

phosphate and folate intake were inversely 

associated with extracranial carotid stenosis after 

adjustment for age, sex, and other risk factors. 

Data indicate a high prevalence of 

hyperhomocysteinemia in the Framingham Study 

population, the majority of which can be attributed 

to vitamin status and that this hyperhomocyst-

einemia is clinically relevant because of its 

association with increased risk of occlusive 

extracranial carotid stenosis. Insufficient levels of 

folate, and to a lesser extent vitamin B6, appear to 

predict part of this elevated risk through their role 

in homocysteine metabolism. These studies also 

indicate that the recently-implemented 

fortification of grain and cereal products with folic 

acid resulted in a substantial decline in plasma 

homocysteine.
[28]

 

Hyperhomocyst(e)inaemia is common in patients 

with peripheral arterial occlusive disease, 

coronary heart disease, cerebrovascular disease, 

carotid artery stenosis and venous thromboe-

mbolism. Endothelial dysfunction may be one 

underlying cause leading to proatherogenic effects 

associated with hyperhomocyst(e)inaemia. 

However, the mechanisms which lead to impaired 

endothelial function in hyperhomocyst(e)inaemia 

are not fully understood. Recent evidence suggests 

that homocyst(e)ine may interact with 

physiological mediators of the endothelial matrix. 

Oxidative mechanisms and decreased biological 

activity of endothelium-derived nitric oxide (NO) 

may also contribute to homocyst(e)ine-associated 

endothelial dysfunction. B vitamins are essential 

cofactors in the metabolism of homocyst(e)ine to 

methionine via the remethylation-pathway 

(vitamin B12, folic acid) and to cystathionine via 

the transsulphuration-pathway (vitamin B6). 

Dietary deficiencies of folic acid, vitamin B12, 

and vitamin B6 appear to be common among 

elderly people in the western world and represent 

one pathogenic factor related to the incidence of 

hyperhomocyst(e)inaemia.
[29]

 

In patients with chronic hyperhomocyst(e) 

inaemia, endothelial function is impaired. 

However, whether hyperhomocyst(e) inaemia per 

se is a cause or an epiphenomenon of endothelial 

dysfunction remains unknown. Co-administration 

of folic acid did not attenuate methionine-induced 

hyperhomocyst(e) inaemia but completely 

prevented endothelial dysfunction. Our results 

suggest that in humans a methionine-rich diet may 

acutely impair endothelial function, which can be 

prevented by folic acid supplementation.
[30]

 

Since mild homocysteine elevation is easily 

normalized by B vitamin supplementation, usually 

with folic acid, it remains for controlled clinical 

trials of this inexpensive therapy to determine 

whether normalizing mild homocyst(e)ine 

elevation reduces cardiovascular risk.
[31]

 



 

Dr Hariharan Munganda et al JMSCR Volume 05 Issue 07 July 2017 Page 24439 
 

JMSCR Vol||05||Issue||07||Page 24431-24441||July 2017 

Simple, inexpensive, nontoxic therapy with folic 

acid, vitamin B6, and vitamin B12 reduces plasma 

homocyst(e)ine levels. Although the association 

between homocyst(e)ine levels and cardiovascular 

disease is generally strong and biologically 

plausible, the data from the prospective studies are 

less consistent. In addition, epidemiologic observ-

ations of an association between 

hyperhomocyst(e) inemia and cardiovascular risk 

do not prove the existence of a causal relation. 

Therefore, the effectiveness of folate, vitamin B6, 

and vitamin B12 in reducing cardiovascular 

morbidity and mortality requires rigorous testing 

in randomized clinical trials. Several such trials 

are under way; their results may greatly affect 

cardiovascular morbidity and mortality, given the 

simplicity and low cost of vitamin therapy.
[32]

 

In young individuals especially  20-30 years  age 

group who do neither  have history  of premature 

CAD in family and no history of HTN/DM/ 

DYSLIPIDEMIA  nor have smoking/alcohol 

habits  a strong suspicion of serum  vitamin B12  

deficiency  and elevated levels of homocysteine 

should be suspected keeping  in mind stressful  

life styles and junk foods as risk factors.    

Public health education about homocysteine and 

its reduction by increasing supplements of folate 

and vitamin B12 along with lifestyle changes 

(diet+exercise+stress management) may reduce 

the incidence of coronary artery disease as a 

preventive strategy but not in the treatment of   

recurrent cardiovascular disease after acute 

myocardial infarction. 

 

Abbreviations 

total plasma homocysteine = (tHcy) 
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