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Abstract
The present study was designed to evaluate the strength of association of raised plasma homocysteine concentration 
as a risk factor for coronary heart disease independent of conventional risk factor. It was a case control study 
conducted at Punjab Institute of Cardiology Lahore. A total of 210 subjects aged 25 to 60 years comprising of 
105 newly admitted patients of CHD as cases and 105 age and sex matched healthy individuals with no history 
of CHD as control were recruited for the study. Fasting blood samples were obtained from cases and controls. 
Plasma homocysteine was analyzed by fluorescence polarization immunoassay (FPIA) method on automated 
immunoassay analyzer (Abbott IMX). Total cholesterol, triglyceride and HDL cholesterol were analyzed using 
calorimetric kit methods. The concentration of LDL cholesterol was calculated using Friedewald formula. The 
patients were also assessed for traditional risk factors such as age, sex, family history of CVD, hypertension, smoking 
and physical activity, and were compared with control subjects. The collected data was entered in SPSS version 
24 for analysis and interpretation.The mean age in controls and experimental groups were 43.00± 8.42 years and 
44.72± 8.59 years with statistically same distribution (p- value= 0.144). The mean plasma homocysteine for cases 
was 22.33± 9.22 µmol/L where as it was 12.59±3.73 µmol/L in control group. Highly significant difference was 
seen between the mean plasma level of homocysteine in cases and controls (p˂0.001).Simple logistic regression 
indicates a strong association of coronary heart disease with hyperhomocysteinemia (OR 7.45), which remained 
significantly associated with coronary heart disease by multivariate logistic regression (OR 7.10, 95%C1 3.12-12.83, 
p=0.000). The present study concludes that elevated levels of Plasma homocysteine is an independent risk factor 
for coronary heart disease independent of conventional risk factors and can be used as an indicator for predicting 
the future possibility for the onset of CVD.
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Resumo
O presente estudo foi desenhado para avaliar a força da associação da concentração elevada de homocisteína no 
plasma como um fator de risco para doença cardíaca coronária independente do fator de risco convencional. Foi 
um estudo de caso-controle realizado no Punjab Institute of Cardiology Lahore. Um total de 210 indivíduos com 
idade entre 25 e 60 anos, compreendendo 105 pacientes recém-admitidos de CHD como casos e 105 indivíduos 
saudáveis ​​pareados por idade e sexo sem histórico de CHD como controle, foi recrutado para o estudo. Amostras 
de sangue em jejum foram obtidas de casos e controles. A homocisteína plasmática foi analisada pelo método 
de imunoensaio de polarização de fluorescência (FPIA) em analisador de imunoensaio automatizado (Abbott 
IMX). Colesterol total, triglicerídeos e colesterol HDL foram analisados ​​usando métodos de kit calorimétrico. A 
concentração de colesterol LDL foi calculada pela fórmula de Friedewald. Os pacientes também foram avaliados 
para fatores de risco tradicionais, como idade, sexo, história familiar de DCV, hipertensão, tabagismo e atividade 
física, e foram comparados com indivíduos de controle. Os dados coletados foram inseridos no SPSS versão 24 
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(Chambers et al., 2000). The burden of Coronary Heart 
Disease (CHD) is consistently on the rise in the developing 
countries including South Asian countries like Pakistan. 
A study about the prevalence of CHD among the urban 
population of Karachi concluded that the magnitude has 
increased tremendously since 1970 (Beaney et al., 2015). 
This escalation is most probably related with the changes of 
life style, eating pattern, lack of physical activity, smoking 
and psycho social issues.

A relevant study about the homocysteine level 
in the young Pakistani patients of coronary artery 
disease found an association between the disease and 
hyperhomocysteinemia (Ijaz et al., 2015). However, the 
literature is deficient about the strength of the association 
for homocysteine as a risk factor of CHD. Keeping in view 
this scenario, the present study was carried out to assess 
the strength of association between homocysteine level 
and CHD independent of conventional risk factors.

2. Material and Methods

2.1. Study desings

An analytical cross sectional study design was to 
conduct this study.

2.2. Study area

The current study was conducted at Punjab Institute 
of Cardiology (PIC). PIC is one of the country’s leading 
cardiology institutes where large number of cardiac patients 
are brought from various parts of the country. It is located 
one of the most populated cities of the province and 2nd 
highly populated in Pakistan.

2.3. Sampling

A total of 210 subjects aged 25-60 years comprising of 
105 newly admitted patients of coronary heart disease at 
Punjab Institute of Cardiology were selected as cases and 
105 matched healthy individuals as control were recruited. 
They were considered healthy on the basis that they were 
not having any cardiovascular disease or previous history of 
the problem. The cases were enrolled after proper clinical 
evidence confirmed by standard procedure. Similarly, the 
controls were selected from general population without 
any clinical disorders and no history of CHD. All the 
controls were symptomless on clinical examination. 
All cardiovascular laboratory tests were within normal 

1. Introduction

The cardiovascular diseases (CVDs) are the leading 
public health challenge having maximum share of the 
morbidity and mortality worldwide (Feigin et al., 2016; 
Prabhakaran et al., 2018). The relevant literature describes 
that one of the major reasons of health loss in all regions 
of the world is still related with CVDs. The demographic 
and social transition of the last two three decades is 
associated with a reduction of CVDs in some areas but 
there is a minor or no change of the disease burden in 
most of the regions (Roth et al., 2017; Guilliams, 2004).

Among Cardiovascular disease, coronary heart disease 
is the most prevalent one accounting for major cause of 
all death (Santulli, 2013). Currently efforts are done to 
control this devastating disease the major focus has been 
shifted towards the preventive measures. Identification 
as well as effective management of conventional risk 
factors of coronary heart disease such as smoking, 
hypertension, dyslipidemia, family history and diabetes 
mellitus has brought the decline in incidence of coronary 
heart disease, no association of these factors has been 
observed in 15-20% of coronary heart disease patients 
and miss the opportunity of primary prevention (Smith 
Junior, 2006). The search of other risk factors continues and 
the one that has raised much attention is homocysteine. 
The role of homocysteine, which is a sulphur containing 
amino acid derived from the metabolism of essential 
amino acid methionine, has been emerged as a newly 
recognized risk factor (Ranjith and Devika, 2017). The raised 
plasma homocysteine level above 15 micromoles per 
liter (mcmol/L) is called hyperhomocysteinemia which 
promotes thrombosis and acts as a contributory factor for 
the adverse coronary events (Ranjith and Devika, 2017).  
Many studies have been conducted on the role of 
homocysteine (Hcy) as an independent risk factor for CHD. 
Moderately elevated concentration of plasma homocysteine 
is linked with risk of myocardial infarction (MI) independent 
of other risk factors for CHD (Stampfer  et  al., 1992). 
A twofold rise in MI among persons with plasma Hcy 
levels >15µmol/L has been noted in a national survey in the 
United States (Giles et al., 2000). Hcy studies collaboration 
research demonstrated that increase of about 3µmol/L in 
plasma Hcy will increase 10% risk of cardiovascular events 
(Homocysteine Studies Collaboration, 2002). Some 10-20% 
patients of CHD have been associated to increase level of 
plasma Hcy concentration. Dietary as well as hereditary 
factors may take part (Herrmann et al., 2006).

Homocysteine has emerged as a significant marker 
of vascular disease, especially in patients of Asian origin. 

para análise e interpretação. A média de idade nos grupos controles e experimentais foi de 43,00 ± 8,42 anos e 
44,72 ± 8,59 anos com distribuição estatisticamente igual (p-valor = 0,144). A homocisteína plasmática média para 
os casos foi de 22,33 ± 9,22 µmol / L, enquanto no grupo controle foi de 12,59 ± 3,73 µmol / L. Diferença altamente 
significativa foi observada entre o nível plasmático médio de homocisteína em casos e controles (p ˂ 0,001). A 
regressão logística simples indica uma forte associação de doença cardíaca coronária com hiper-homocisteinemia 
(OR 7,45), que permaneceu significativamente associada com doença cardíaca coronária por multivariada regressão 
logística (OR 7,10, 95% C1 3,12-12,83, p = 0,000). O presente estudo conclui que níveis elevados de homocisteína 
plasmática são fator de risco independente para doença cardíaca coronária, independentemente dos fatores de risco 
convencionais, e pode ser usado como um indicador para prever a possibilidade futura de aparecimento de DCV.

Palavras-chave: doença cardíaca coronária, homocisteína, fator de risco, doenças cardiovasculares, história familiar.
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limits and with normal ECG. Both the groups were also 
matched for age, gender and socioeconomic status.

2.4. Exclusion criteria

Subjects with a history of diabetes, renal impairment/ 
dysfunction/disorder, hepatitis, thyroid disorder, pregnancy 
and those taking antiepileptic drugs or any other drugs 
that affects the liver function, or any form of vitamin 
B complex during the past 6 months and those under 
lipid lowering treatment were not included in the study. 
The proposed study was approved by the ethical committee 
of the Institute (UVAS) and informed consent was obtained 
from each participant. The ethical committee approval 
certificate will be shared on request. 

2.5. Data collection

Baseline data of the study population was collected using 
a pretested structured questionnaire to obtain information 
on demographic background, dietary habits, socioeconomic 
status, medical history, family history of coronary heart 
disease, physical activity and smoking habits. Height & 
weight and blood pressure were measured whereas body 
mass index (BMI) was calculated.

2.6. Sample collection and analysis

After an overnight fast of 10-12 hours venous blood 
sample was drawn (under aseptic techniques) from each 
participant into an EDTA vacutainers. The vacutainers 
were placed on ice till the plasma was separated within 
30 minutes of sample collection and were stored at -20°C 
until analyzed. Total plasma homocysteine level was 
analyzed using Fluorescence Polarization Immunoassay 
(FPIA) method on automated immunoassay analyzer 
(Abbott, IMX). Serum was obtained for measurement 
of lipid profile using enzymatic colorimeter method 
(RANDOX, UK).

2.7. Statistical analysis

All collected data was analyzed by using SPSS version 
24. Mean ± S.D was used for quantitative data like age, 
homocysteine level and lipid profiles. Frequency (%) 
was used for categorical data like gender. Independent 
sample t-test was applied to compare age, homocysteine 
levels and lipid profiles in both study groups while Mann 
Whitney U-test was applied for non-normal data. Risk 
analysis was carried out by calculating Odds ratio (OR) 
and 95% Confidence Interval. Initially univariate analysis 
was done which was followed by multivariate logistic 
regression analysis. Normality of the data was conducted 
also. Variables were retained in the final model on the 
basis on their p value less than 0.20 following one the 
previously reported assumption.

3. Results

Among the total 210 study participants, 105 were 
in the control group whereas 105 patients were with 
clinical evidence of coronary heart disease. Summarized 
the baseline profile of the study population (Table  1). 

The age of the study population ranged between 25 to 
60 years. The mean ± SD (Standard deviation) age in 
control and experimental groups were 43.0 ± 8.4 years and 
44.7 ± 8.5 years respectively. Among 105 cases 79 (75.2%) 
were males and 26 (24.8%) were females. The control 
group comprised of 80 (76.2%) males and 25 (23.8%) 
females. The differences in the mean age and the male 
and females in the two groups were statistically not 
significant (p=0.167 and p=0.872 respectively). Analysis of 
the socio-economic status of the study population showed 
that majority of the cases 66.7% and their control subjects 
(67.6%) belonged to middle income group followed by low 
income group which was 22.9% and 20.0% in these groups 
respectively. Only 10.5% of cases and 12.4% of control 
group belonged to high income group. Statistically non-
significant differences were seen (p=0.830). In addition, 
family history of CHD revealed that 14 (13.3%) controls and 
28 (26.7%) cases reported that they had family history of 
CHD whereas 91 (86.7%) controls and 77 (73.3%) cases did 
not (p=0.016) indicat that family history is a risk factor of 
CHD. Incidence of smoking was present in 44.7% of cases 
compared to 23.8% of controls indicating that smoking is 
a risk factor of CHD. No statistically significant differences 
(0.07) were obtained regarding physical activity between 
cases and controls. Physical inactivity was present in 34.3% 
of cases compared to 22.9% controls.

3.1. Homocysteine of the study population

We  c l a s s i f i e d  h o m o c y s t e i n e  a s  n o r m a l 
5-15 µmol/L, moderate ˃15-30 µmol/L and intermediate 
hyperhomocysteinemia ˃  30-100 µmol/L (14). In our study 
out of 105 cases 21% had normal level of homocysteine, 
60% had moderate hyperhomocysteinemia and 19% had 
intermediate hyperhomocysteinemia. The percentage 
of subjects in control group with normal homocysteine 
level was 66.7% whereas 33.3% had moderate 
hyperhomocysteinemia. None of the controls had 
intermediate hyperhomocysteinemia. The comparison 
showed highly significant difference (p = 0.0001) between 
cases and controls (Table 2).

Mean ±SD of Hcy for cases was 22.33 ± 9.22 µmol/L 
whereas it was 12.59 ± 3.73 µmol/L in control group. Highly 
significant difference was seen between the mean plasma 
level of Hcy in cases and controls (p ˂0.0001) (Table 3).

To assess the possible strength of association of 
homocysteine and other conventional risk factors with 
coronary heart disease, the subjects exposed to risk 
factors were compared to the ones not exposed among 
the cases and controls. Simple logistic regression analysis 
indicates strong association of coronary heart disease 
with homocysteine. The Odds ratio (OR) for hyper 
homocysteinemia in coronary heart disease patients was 
7.45 (95% confidence interval: 4.055-14.039, p=0.000) 
indicating that risk of developing coronary heart disease 
is 7.45 times higher in cases than in controls. Odds of 
having CHD with family history, smoking, hypertension, 
physical activity, total cholesterol, triglyceride, HDL and 
LDL were 2.36 (95% CI: 1.16-4.80, p = 0.024), 2.69 (95% CI: 
1.49-4.86, p = 0.001), 1.34(95% CI: 0.76-2.35,p = 0.388), 
1.76(95% CI: 0.95-3.23, p = 0.092) 1.85 (95% CI: 1.03-3.33, 
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Table 1. Demographic and Clinical Characteristics of the study population.

Characteristics Cases Control p-value 

Gender

Male 79 75.2 80 76.2 0.872

Female 26 24.8 25 23.8

Mean age ±SD 44.7±8.6 43.0±8.4

Socio Economic Status

Lower 24 22.9 21 20 0.83

Middle 70 66.7 71 67.6

Upper 11 10.5 13 12.4

Family History

Yes 28 26.7 14 13.3 0.016

No 77 73.3 91 86.7

Smoking

Yes 48 44.7 25 23.8 0.001

No 57 54.3 80 76.2

Physical Activity

Yes 69 65.7 81 77.1 0.067

No 36 34.3 24 22.9

Hypertension

Yes 41 39 34 32.4 0.313

No 64 61 71 67.6

Total Cholesterol

Mean Total 184.74±42.16 166.33±37.04 0.001

Cholesterol mg/dL

Triglycerides

Mean Total 128.96±35.84 122.19±28.46 0.131

Triglyceride mg/dL

HDL-C

Mean Total 36.30±5.48 40.18±6.07 0.001

HDL-C mg/dL

LDL-C

Mean Total 110.11±27.48 89.33±23.02 0.001

LDL-C mg/dL

SD= standard deviation; P-value= significance level.

Table 2. Percentage of Subjects in Cases and Controls with Normal and Hyperhomocysteinemia.

Plasma Homocysteine Level Cases n (%) Control n (%) P Value 

Normal (5-15 µmol/L) 22 (21.0) 70 (66.7) 0.0001

Moderate Hyperhomocysteinemia (>15-30 µmol/L) 63 (60.0) 35 (33.3)

Intermediate Hyperhomocysteinemia (>30-100 µmol/L) 20 (19.0) 0 (0)

P value= level of significance at 95% confidence interval.

Table 3. Plasma level of homocysteine between cases and control groups.

Mean S.D IQR P-Value 

Homocysteine 
(µmol/L)

Control 12.59 3.73 6.55 ˂0.0001

Experimental 22.33 9.22 6.50

P value= level of significance at 95% confidence interval.
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p = 0.039), 1.58(95% CI: 0.84-2.96, p = 0.204) 2.51 (95% CI: 
1.36-4.63, p = 0.004), and 2.81 (95% CI: 1.34-5.92, p = 0.008) 
respectively. (Table 4)

After adjustment for confounding variables the 
multivariate logistic regression analysis showed that the 
risk odds ratio of homocysteine and family history was 
significantly raised. Of these two homocysteine had a 
strong positive association (OR7.10, 95% CI: 3.12-12.84, 
p= 0.000 and OR 2.66,95% CI:1.13-6.32, p =0.024) 
respectively (Table 5).

4. Discussion

Cardio vascular diseases (CVDs) comprised of the 
diseases of heart and blood vessels and thought to be 
responsible for one third of the total deaths in the world 
(Ganguly and Alam, 2015). It is based on evidence that these 
diseases are the global leading cause of death out of which 
low and middle-income countries accounts for around 
80% to 86% of these deaths (Barolia and Sayani, 2017). 
The evidence from Pakistan as concluded that there is a rise 
of non-communicable diseases related risk factors (WHO, 
2015). There are multiple risk and contributing factors due 

to which, it is nearly impossible to fix a single point for 
remedial measures. The present study was conducted to 
investigate the strength of plasma homocysteine level as 
a risk factor for coronary heart disease.

In the present study the mean±SD age of controls 
was 43.00±8.42 and that of experimental group 
44.72±8.59 years. The mean ages observed in our study 
are lower than many other studies and approve recently 
observed trend in different Asian studies that comparatively 
younger aged people in Asia are being diagnosed with 
heart problems compared to other parts of the world. 
Puri et al. (2003) and Gupta et al. (2012) also reported 
young mean age of patients in their study (37.4±5.5 years, 
and 41 years respectively) validating our statement. 
In previous studies males were found at higher risk of heart 
problems (Shenoy et al., 2014). The gender distribution in 
our study was 79 (745.2%) males and 26 (24.8%) females 
in study groups. The stuwdy was mainly on male aligned 
as coronary artery disease afflicts young males more 
commonly than females. This gender difference can be 
ascribed to the fact that women are more or less sheltered 
from atherosclerosis until menopause due to protective 
effect of estrogen (Ridker et al., 1999).

Table 4. Risk of Coronary Heart Disease in Relation to Homocysteine and Conventional Risk Factors.

Risk Factors
Unadjusted 

OR

95% C.I
p-value

Adjusted 
OR

95% C.I
Sig

Lower Upper Lower Upper

Homocysteine 7.54 4.05 14.03 0.000 ** 7.10 3.59 14.50 0.000*

Smoking 2.69 1.49 4.86 0.001 ** 1.86 0.94 3.69 0.076

Hypertension 1.34 0.76 2.35 0.388 ____ __ __ __

Family History 2.36 1.16 4.80 0.024 ** 2.66 1.13 6.23 0.024*

Physical activity 1.76 0.95 3.23 0.092 * ____ __ __ __

Total Cholesterol 1.85 1.02 3.33 0.039 0.836 0.40 1.73 0.630

Triglycerides 1.58 0.84 2.96 0.204 1.094 0.49 2.43 0.825

HDL-C** 2.51 1.36 4.63 0.004 ** 1.87 0.91 3.84 0.087

LDL-C*** 2.81 1.34 5.91 0.008 ** 1.65 0.70 3.92 0.251

HDL-C**=High Density Lipoprotein Cholesterol; LDL-C***=Low Density Lipoprotein Cholesterol; Only significant variables remain in model for 
multivariate logistic regression.

Table 5. Statistical Analysis using Multivariate Logistic Regression.

Odds Ratio (OR) 95% CI P-Value

Homocysteine 7.10 3.59-14.50 0.00*

Smoking 1.86 0.94-3.69 0.076

Family History 2.66 1.13-6.23 0.024*

Total Cholesterol 0.836 0.40-1.33 0.630

HDL-C** 1.87 0.91-3.84 0.087

LDL-C*** 1.65 0.70-3.92 0.251

Triglycerides 1.094 0.49-2.43 0.825

95% CI= 95% confidence interval; HDL-C **= High density Lipid Cholesterol;  LDL-C *** = Low density Lipid Cholesterol; Only significant 
variables remain in model for multivariate logistic regression.
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4.1. Plasma homocysteine level of study population

Our study findings support the hypothesis that 
increased plasma Hcy is a risk factor for CHD, independent 
of other risk factors. Mean plasma homocysteine 
level (22.33 ± 9.22 µmol/L) in our study group was 
significantly higher (p-value <0.0001) than the control 
group (12.59 ±3.73 µmol/L). The results of our study are 
inconsistent with previous findings (Rahman et al., 2004; 
Gupta et al., 2012; Jain et al., 2003; Abraham and Cho, 
2010; Puri et al., 2003) reporting similar observations of 
plasma homocysteine levels higher among study group 
as compared to controls. Our findings are also in line 
with the results of another similar study in which mean 
homocysteine level was found 38.34 ± 15.25 µmol/L in 
cases and 9.41 ± 4.22 µmol/L in the control groups (Smith 
Junior, 2006). The results of another case control study 
also favor the findings of present study and conclude 
a definite role of increased homocysteine as a risk for 
the CVD. However, a study conductedon a sample of 
90 subjects including 30 cases and 60 controls and mean 
homocysteine level was found 21.93±10.50 µmol/L in 
cases and 14.34±4.79 µmol/L in the control study subjects 
(Karumarakkal and Manjalavil, 2017).

Our findings are also in agreement with other studies 
that reported an elevation in plasma Hcy levels in CHD 
patients. Lubos  et  al. (2007) and Agoston-Coldea  et  al. 
(2011) in their studies observed that there were significant 
differences in the mean levels of plasma Hcy between 
CHD patients (24.59±6.14 µmol/L) and in controls 
(13.73±3.54 µmol/L). However, a few studies have shown 
that there was no difference in plasma homocysteine 
concentration in CAD patients and controls. (Iqbal et al., 
2005)

4.2. Risk of coronary heart disease in relation to 
homocysteine and conventional risk factors

Logistic regression analysis was used to estimate the 
risk association of CHD with homocysteine and traditional 
risk factors. The odds ratio and 95% confidence interval 
were determined by using SPSS 24 software.

Simple logistic regression analysis indicated strong 
association of CHD with hyperhomocysteinemia. The odds 
ratio for hyperhomocysteinemia was 7.45 (95% CI: 
4.05-14.03, P=0.000). Significant elevated levels of plasma 
homocysteine were observed in the patient group of CHD, 
when compared with controls. This can probably explain 
the high risk odds ratio associated with homocysteine. 
Traditional risk factors significantly associated with 
increased risk of CHD: smoking 2.70 times, hypertension 
1.34 times, family history 2.40 times, hypercholesterolemia 
1.85 and decreased HDL- cholesterol 2.52 times and 
increased LDL- cholesterol 2.82 times.

Multivariate logistic regression was performed to 
calculate adjusted odds ratio. Hyperhomocysteinemia 
remained significantly associated with CHD by multivariate 
logistic regression analysis (OR 7.10, 95% CI: 3.59- 14.50, 
P = 0.000) indicating that patients with increased plasma 
levels of homocysteine had a seven times increased 
risk of developing CHD. The results of our study are 
similar to the other studies conducted by Puri  et  al. 

(2003), (Masoomi et al., 2015) and (Ijaz et al., 2015) in 
which odds ratio were 6.05, 5.05 and 3.50 respectively. 
Helfenstein et al. (2005) and Speidl et al. (2011) found 
similar results (OR = 4) for MI diagnosed non-invasive 
investigations. In the same way, Laghari  et  al. (2009) 
related that hyperhomocysteinemia increases the risk of 
MI in patients with type 2 diabetes. A study conducted by 
Xiao et al. (2011) reported a positive association between 
elevated levels of homocysteine and coronary artery 
disease (OR=1.61; 95% CI 1.26-2.05). The mechanisms of 
how homocysteinemia induces coronary disease are poorly 
understood but there are evidences of an endothelial 
oxidative damage (Zhang et al., 2017), endothelial smooth 
muscle proliferation (Nishimoto et al., 2003), oxidation 
of low density lipoproteins (Halvorsen et al., 1996) and 
decrease in nitric oxide synthase (Fatini et al., 2005).

5. Conclusion

Increased level of plasma homocysteine was significantly 
higher than controls. Simple logistic regression analysis 
indicates a strong association of coronary heart disease 
with hyperhomocysteinemia. In the light of the forging 
facts it can be inferred that elevated levels of plasma 
homocysteine are an independent risk factor for coronary 
heart disease and can be used as an indicator for predicting 
the future possibility for the onset of CVD.
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