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Abstract Coronary artery disease (CAD) has become the

most common cause of mortality in the entire world.

Homocysteine is implicated as an early atherosclerotic

promoter. We studied the relationship between levels of

serum homocysteine with severity of coronary artery dis-

ease. Total of 70 subjects who scheduled for coronary

angiogram consented to participate in this study. In all the

patients Gensini scoring system was used to assess the

severity of CAD. Venous samples were taken from the

patients in fasting state before angiography. Homocysteine

levels in patients were measured by enzyme linked im-

munosorbant method and were compared with respective

Genseni scores of participants. Fasting serum homocyste-

ine levels in CAD patients were significantly higher than

patients without coronary artery disease (p \ 0.001). Also

Homocyseine levels correlated significantly with increas-

ing severity of CAD (p \ 0.001). Serum homocysteine

levels correlated well with the severity of CAD.
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Introduction

Coronary artery disease (CAD) has become a major health

problem and main contributor to mortality in the entire

world as well in our country India. India is in epidemio-

logical transition. The emerging threat of non-communi-

cable diseases is a matter of concern in addition to the

burden of endemic infections. Previously, CAD was con-

sidered to be a result of an urban life style; however,

recently published studies have indicated that CAD is also

on the rise in rural areas [1, 2]. According to the World

Heart Federation, 35 % of all CVD deaths in India occur in

those aged 35–64 years [3]. 90–95 % of all cases and

deaths are due to CAD [4]. Approximately, one-sixth of

world’s population lives in India and CAD remains the

highest cause of mortality in India [5]. Coronary artery

disease is the narrowing or blockage of the arteries and

vessels that supply oxygen and nutrients to heart. The

severity of CAD is classified as single vessel, double ves-

sels, triple vessels disease and using Gensini scoring

system.

Most of the CADs are explained in the presence of

traditional risk factors like hyperlipidemia, smoking,

hypertension, and diabetes mellitus, those 15–20 %

of CAD have no identifiable risk factors and therefore they

miss the opportunity for primary prevention [6]. However,

despite aggressive control of risk factors in the general

population, it is not possible to prevent progression of CAD

in all patients. Homocysteine has been recognized as early

in 1990s as a risk factor for the presence of atherosclerotic

vascular disease and hypercoagulability states [7, 8].

Homocysteine has emerged as a significant marker of

vascular disease, especially in patients of Asian origin [9].

Increasing age, male sex, smoking, coffee consumption,

high blood pressure, unfavorable lipid profile, high
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creatinine and faulty diet are among the factors associated

with increased homocysteine levels; physical activity,

moderate alcohol consumption, a good folate and vitamin

B-12 status are associated with lower homocysteine levels

[10]. Strict vegetarians are often at risk for hyperhomo-

cysteinemia due to low plasma B12 levels [11, 12]. Coffee

consumption seems to be linked with moderate elevations

in homocysteine [13]. As with nearly every other cardio-

vascular risk factor, smoking cigarettes is linked with

elevated levels of homocysteine [14, 15]. Numerous epi-

demiological studies have shown homocysteine levels

correlate inversely more closely with plasma folate levels

and less so with vitamin B12 and B6 levels. It has been

proved that intake of daily folic acid supplements reduces

the levels of homocysteine which in turn declines the

morbidity of CAD [16, 17].

Several studies have elucidated an association of hype-

rhomocysteinemia with vascular disease independent of the

conventional factors [18–20]. So, this study was carried out

to assess the homocysteine levels in CAD patients and to

compare it with the severity of CAD.

Materials and Methods

Study Population

70 patients undergoing coronary angiography at Kasturba

Hospital, Manipal University, Manipal, Karnataka, India, a

tertiary care center between August 2012 to November

2012, consented to participate in this study.

Coronary artery disease was defined as any degree of

stenosis in the major coronary arteries. CAD is graded

according to the number of involved vessels: non CAD,

single vessel disease (SVD), double vessels disease (DVD),

triple vessels disease (TVD).

Ethical Statement

Ethical clearance was obtained from institutional ethical

committee prior to the data collection

Selection of Participants

Inclusion criteria:

Patients undergoing coronary angiogram in the age

group of 31–65 years.

Exclusion criteria:

• Patients who have been taking vitamin supplements

since 3 months

• Patients suffering from renal diseases, thyroid prob-

lems, pregnant women, psoariasis, psychological

disorders, inflammatory bowel disease, epilepsy, can-

cer, smokers

• Patients \31 and [65 years were excluded from the

study.

Assessment of Severity of CAD

Severity of CAD signifies the percentage of blockage

present in the coronary arteries. It was scored based on the

percentage of blockage present in the three coronary

arteries i.e. Left anterior descending artery(LAD), Left

circumflex artery (LCx) and Right coronary artery and their

branches and this is called as Gensini Score. It is a scoring

system for evaluating collateral circulation of the coronary

arteries and it assesses the extent of blockage.

Sample

After an overnight fast 5 ml of venous blood is drawn in

red vacutainer prior to the coronary angiography. Serum

was separated and stored at -20 �C until measurement of

homocysteine. Homocysteine was measured with an

enzyme linked immunosorbant (ELISA) method. The

upper limit of normal provided by company was 15 lmol/l

Statistical Analysis

The data collected was studied and analyzed using the

SPSS software16.0 version to result in conclusion of the

study. Independent student t test, correlation used wherever

appropriate. p \ 0.05 was considered to indicate statistical

significance.

Result

Demographic Profile

Gender

It is found that out of 51 male patients, 42 (82 %) had

coronary artery disease and remaining 9 (18 %) had normal

coronaries and out of 19 females, 9 (47 %) had coronary

artery disease and remaining 10 (53 %) had normal coro-

naries (Table 1).

Age

Majority of CAD patients 38 (73 %) fall in the age group

of 51–65 years while most of the non CAD patients 14

(27 %) fall in the age group of 51–65 years. About 10

(67 %) CAD patients and 5 (33 %) were falling in the age
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group of 41–50. Only 3 (100 %) of the CAD patients were

falling under the age group of 30–40 years. Mean age of

CAD patients was 54 ± 7.47 (Table 1).

Medical History

In the study group 25 of CAD patients and 8 of the non

CAD were hypertensives. About 20 of CAD patients and 5

of non CAD patients were know diabetics (Table 2).

Life Style Habits

A life style habit includes alcohol consumption, coffee

consumption and type of diet consumed. Frequency and

percentage of all these habits is depicted in the Table 3, 4, 5.

Biochemical Parameters

Biochemical parameters like Fasting blood sugar levels,

lipid profile results were compared between CAD and non

CAD subjects (Table 6).

Confounding Variables

The mean homocysteine levels among lacto vegetarians

were higher when compared to the non-vegetarians among

CAD patients but it was not statistically significant. There

was no significant statistical difference in the mean

homocysteine levels among diabetics and non diabetics,

hypertensives and non hypertensives, alcohol consumers

and alcohol non consumers, coffee consumers and coffee

non consumers (Table 7).

Angiogram profile reveled maximum patients had single

vessel disease (Fig. 1).

There was a significant increase in serum homocysteine

levels in CAD patients as compared to that of controls

(p \ 0.001) (Table 8). Fasting homocysteine levels sig-

nificantly correlated with gensini score of patients

(p \ 0.001) (Fig. 2) indicating a possible role for this

parameter in grading and risk stratification of CAD

patients.

Discussion and Conclusion

The elevated homocysteine was being considered as an

independent risk factor for cardiovascular disease by the

early 1990s. A key metaanalysis published in 1995 by

JAMA in which 27 studies involving over 4,000 subjects

concluded that homocysteine was an independent risk

factor for cardiovascular disease and it estimated that 10 %

of population’s CVD risk is attributed to the elevated levels

of homocysteine [21]. There is strong evidence that oxi-

dation is part of mechanism attributed to increased homo-

cysteine and atherosclerosis. The most common and

plausible mechanism for increased risk of CAD are endo-

thelial dysfunction thought to occur primarily from

Table 1 Demographic characteristics of the study subjects

CAD Non CAD

Frequency Percentage Frequency Percentage

N % n %

Gender

Males 42 82 9 18

Females 9 47 10 53

Age

30–40 years 3 100 0 0

41–50 years 10 67 5 33

51–65 years 38 73 14 27

Table 2 Medical history of patients

CAD Non CAD

n % n %

Medical history

Hypertensive 25 75 8 25

Diabetic 20 80 5 20

Table 3 Alcohol consumption among study group

CAD Non CAD

n % n %

Alcohol consumption

Non consumer 28 67 14 33

Consumer 23 82 5 18

Table 4 Coffee consumption among patients

CAD Non CAD

n % n %

Coffee consumption

Non consumer 35 76 11 24

Consumer 16 66 8 34

Table 5 Type of diet followed among patients

CAD Non CAD

n % n %

Type of diet

Non vegetarians 44 73 16 27

Lacto vegetarians 7 70 3 30
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oxidative stress. Studies have shown that homocysteine

suppresses the vasodilator nitric oxide by increasing the

levels of asymmetric dimethylarginine (ADMA), a strong

inhibitor of nitric oxide synthase (eNOS). If this mecha-

nism is true, this could certainly account for dramatic

changes in vascular endothelial compliance and platelet

coagulation changes that promote cardiovascular disease.

In the various in vitro studies, homocysteine was proved to

trigger proliferation of vascular smooth muscle cells. The

arterial lumen space will be narrower by increasing pro-

liferation of vascular smooth typically considered as dele-

terious effect for CAD. It also has role in increasing the

activity of HMG Co A reductase which in turn increases

cholesterol synthesis. An increased cholesterol levels pro-

motes atherosclerosis and risk factor for CAD [22–24].

All most all prospective and retrospective studies have

confirmed that high homocysteine is an independent risk

factor for CAD. Some studies demonstrated that hype-

rhomocysteinemia can predispose patients to CAD in

patients with hypertension, smoking and hypercholester-

olemia [25].

In this correlation study, there were no significant dif-

ferences in levels of fasting blood sugar and lipid profile

Fig. 1 Angiogram profile of CAD patients (SVD single vessel

disease, DVD double vessel disease, TVD triple vessel disease)

Table 6 Correlation of

biochemical parameters among

CAD and Non CAD group

* Independent t test

SEM standard error of mean, NS

not significant

Mean ± SEM in

CAD subjects

Mean ± SEM in

non CAD subjects

p value*

Fasting blood sugar 129.57 ± 7.23 114.32 ± 6.25 0.2NS

Total cholesterol 165.65 ± 5.91 153.11 ± 10.17 0.28NS

Triglycerides 152.27 ± 15 122.32 ± 12.2 0.24NS

HDL cholesterol 36 ± 1.18 36.32 ± 2.45 0.89NS

LDL cholesterol 99.88 ± 5.44 91.47 ± 9.1 0.4NS

Table 7 Comparison of serum homocysteine levels with the confounding factors

Fasting homocysteine(lmol/l)

CAD cases Non CAD cases

Mean ± SD t value p value Mean ± SD t value p value

Gender

Males 23.24 ± 5.65 -0.289 0.774NS 16 ± 6.57 1.59 0.13NS

Females 23.89 ± 8.19 11.6 ± 5.48

Type of diet

Lactovegetarians 27.00 ± 4.69 -1.74 0.088NS 14 ± 5.29 0.092 0.927NS

Nonvegetarians 22.77 ± 6.11 13.62 ± 6.59

Diabetics 22.95 ± 4.91 0.38 0.708NS 13.6 ± 4.72 0.034 0.97NS

Nondiabetics 23.61 ± 6.79 13.71 ± 6.90

Hypertensives 24.04 ± 5.50 -0.8 0.43NS 11.88 ± 4.32 1.08 \0.001**

Nonhypertensives 22.69 ± 6.63 15 ± 7.29

Alcohol consumers 23.13 ± 6.56 0.235 0.82NS 17.2 ± 8.07 -1.402 0.18NS

Non-alcoholics 23.54 ± 5.77 12.62 ± 5.45

Coffee consumers 22.94 ± 7.56 0.327 0.745NS 12.5 ± 6.02 0.692 0.5NS

Non consumers 23.54 ± 5.38 14.55 ± 6.59

NS not significant

** Significant
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levels between CAD group and non CAD group. Com-

parison of fasting serum homocysteine levels with the

confounding variables like sex, type of diet, life style habits

like alcohol consumers, coffee consumers, medical prob-

lems like diabetes and hypertension did not show any

statistically significant difference between CAD and non

CAD study groups. Serum levels of homocysteine were

significantly higher in CAD than in non CAD subjects.

Increased serum homocysteine levels positively correlated

with severity of CAD (graded using Gensini scoring

system).

In conclusion, the serum homocysteine is definitely an

independent risk factor for coronary artery disease. There is

a strong correlation between severity of CAD and serum

homocysteine levels.

Limitation of the Study

The major determinants of serum homocysteine levels are

vitamin B and folic acid intake. In this study we have not

measured the levels of vitamin B and folate levels.
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