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ACUTE MYOCARDIAL INFARCTION;
FREQUENCY OF ELEVATED HOMOCYSTEINE LEVELS IN PATIENTS 
PRESENTING WITH ACUTE MYOCARDIAL INFARCTION
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ABSTRACT… Objectives: To determine the frequency of elevated homocysteine level in 
patients presenting with acute myocardial infarction. Design: Cross-sectional. Place and 
Duration: Coronary Care Unit of Allied hospital Faisalabad, from 25-11-09- to 24-05-2010. 
Material and Methods: A total of 164 patients fulfilling the inclusion criteria were selected. 
Demographic details, history and examination findings of the patients were recorded. Blood 
sample were collected in fasting state for estimation of plasma glucose, serum LDL, serum 
cholesterol and serum total homocysteine level. Data Analysis: Descriptive statistics like mean 
with standard deviation were applied on age. Frequency of elevated homocysteine levels was 
calculated in acute myocardial infarction with other conventional risk factors for coronary artery 
disease. Male to female ratio was calculated. Frequency of elevated homocysteine levels was 
calculated in acute myocardial infarction. Results: Out of 164, 53.9% (n=88) were male patients 
and 76 46.08% (n=76) were females. Average age was 60.90±10.19. Among conventional 
risk factors, the frequency of elevated homocysteine levels was high (82%) in smokers. The 
frequency of elevated homocysteine levels was 55% in acute myocardial infarction and it was 
61% in males and 39% in females respectively. The frequency of elevated homocysteine levels 
was highest (73%) among age group between 40-50 years. Conclusion: Frequency of elevated 
homocysteine levels was high among the patients with acute myocardial infarction. Moderate 
elevated homocysteine levels were associated with smoking. 

Key words: Acute Myocardial Infarction, Cardiovascular Disease, Homocysteine, 
Smoking.
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INTRODUCTION
Atherosclerotic disease involving coronary 
arteries contributes to be a major health problem 
in adult population both in developed and 
developing countries. Control of conventional 
risk factors like smoking, hyperlipidemia, 
hypertension and diabetes mellitus has 
brought decline in incidence of coronary artery 
disease(CAD). Even with aggressive control of 
risk factors in general population, it is not possible 
to prevent progression of CAD in all patients. 
Homocysteine (Hcy) recently has emerged as 
a risk factor for atherosclerotic vascular disease 
and hypercoagulability states.

Total homocysteine (tHcy) is the term used 
to describe combination of homocysteine, 
homocysteine thiolactone and homocysteine 

mixed disulfide in the serum. Elevation of plasma 
total Hcy level is multifactorial. It is elevated by 
increasing dietary intake of methionine, heritable 
enzyme deficiency and cofactors deficiencies.1

The two pathways which metabolize Hcy are 
trans-sulfuration and re-methylation. When excess 
tHcy is present in the blood a major by- product 
is formed which is homocysteine thiolactone, 
which reacts with low density lipoprotein (LDL) to 
form LDL homocysteine thiolactone aggregate. 
These are taken up by macrophages and 
subsequently incorporated into foam cells in early 
atherosclerotic plaques, within these plaques 
homocysteine thiolactone acylates proteins. This 
modifies the oxidative process in the vessel which 
promotes atherosclerosis thrombosis. In addition 
auto-oxidation of homocysteine results in the 
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formation of superoxide and hydrogen per oxide. 
These oxygen-derived molecules contribute to 
oxidation of LDL and endothelial dysfunction, 
which promote proliferation of vascular smooth 
muscle cells.

Many studies have been done to assess the 
role of homocysteine as an independent risk 
factor for atherosclerosis. These studies have 
showed that moderately high levels of plasma 
tHcy are associated with increased risk of CAD 
independent of other coronary risk factors.2 
Normal range of homocysteine is 5-15 µ mol/L. 
A two fold increase in likelihood of CAD among 
persons with tHcy concentration more than or 
equal to 15 µ mol/L has been noted in a national 
representative survey in the United States.3 High 
plasma tHcy level, low folate and low vitamin 
Cyanocobalamine (B12) are associated with 
increased risk of extra cranial carotid artery 
stenosis in the ederly.4 Elevated Hcy level is an 
independent risk factor for stroke and deep vein 
thrombosis in the general population.5,6

Age, gender, serum folate, vitB12, vitB6, serum 
creatinine and enzyme deficiencies, are all 
important determinants of the plasma Hcy 
concentration. Some drugs e.g. phenytoin, 
carbamazepine, methotrexate and penicillamine 
also increase Hcy level. Advancing age increases 
Hcy level due to impairment of renal function. 
Gender difference in plasma Hcy level may be 
because of fact that it is more formed in men 
than women in combination with more creatinine 
synthesis in men.7 It has been showed that high 
plasma Hcy level can be reversed with vitamins 
supplementation.8

Plasma elevated Hcy level is a strong predictor 
of mortality in patients with angiographically 
confirmed CAD.9 A case-control study was 
conducted in 551 cases (294 European and 
257 Asian) in European. Those showed that the 
Asians with CAD had elevated Hcy level and 40% 
higher mortality as compared to European.10 At 
the same time studies were conducted on smaller 
number of patients in Asians. Those did not show 
any significant difference in Hcy level.11,12 Sastry 
et al. did not find significant difference in plasma 

Hcy levels between controls and cases with CAD 
in South Indian population.13

The relationship of elevated Hcy level and CAD 
has not been studied extensively in Pakistani 
population. Only few studies have been 
conducted on smaller number of patients. The 
aim of my study is to find out the frequency of 
elevated Hcy level in the local population and their 
association with other risk factors (hypertension, 
smoking, dyslipidemias and diabetes mellitus) 
in the patients with CAD presenting with acute 
coronary syndrome (ACS). 

Elevated Hcy level is an easily modifiable risk 
factor. Pharmacological intervention with vitB6, 
vitB12 and folic acid will result in reduction of Hcy 
level. This treatment is inexpensive in developing 
countries like Pakistan. Reduction in elevated 
Hcy level will result in reduction of the patients 
with CAD presenting with ACS. Modification of 
this culprit causing CAD will reduce the morbidity 
and mortality of patients with CAD.

MATERIALS AND METHODS
The study was conducted in Coronary Care Unit 
of PMC and affiliated Hospital Faisalabad. The 
study was completed over a period of 06 months 
from 25-11-2009 to 24-05-2010. The study was 
conducted on 164 patients of acute myocardial 
infarction.

Sampling technique use was non-probability 
consecutive sampling.

Inclusion Criteria
All patients of either sex, irrespective of their 
age with acute myocardial infarction (confirmed 
by fulfilling two of the following three criteria i.e. 
classical history of ischemic cardiac pain ≥30 
minutes14, ECG findings (ST segment elevation 
≥2 mm in precordial leads, ≥1mm in limb leads.14 
ST segment depression ≥ 1.2mm or T inversion 
≥ 6mm or LBBB15, positive cardiac troponin T.15

Exclusion Criteria
•	 All patients having renal failure, leukemia and 

megaloblastic anemia.
•	 Patients taking drugs e.g. phenytoin, 
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carbamazepine, methotrexate and 
penicillamine.

Data Collection Procedure
164 patients with acute myocardial infarctions 
admitted in Coronary Care Unit of PMC and 
affiliated hospital fulfilling the inclusion criteria of 
acute myocardial infarction were included in study 
after approval from hospital ethical committee 
and taking informed consent. This was followed 
by history of anterior chest discomfort in patients 
and performing ECG on them. Cardiac troponin 
T was measured by using Sensitive Rapid Assay 
and serum homocysteine level measured by 
using Fluorescein Polarization Immunoassay. 
Serum cardiac troponin T > 1ng/ml and serum 
homocysteine level ≥ 15 µmol/L of all the patients 
would be considered positive. A proforma was 
developed to record physical and biochemical 
findings of all patients.

Data Analysis 
Data was analyzed with SPSS-12. Descriptive 
statistics were calculated. Quantitative variables 
like age were presented as mean±SD. Qualitative 
variables like homocysteine level were presented 
as percentage. 

RESULTS
164 patients of acute myocardial infarction were 
enrolled from coronary care unit and medical 
wards of Allied hospital Faisalabad. The mean 
age of the patients was 60.90±10.19 years. 
Descriptive statistics of age is depicted in Table-I. 
Gender distribution of patients is shown in Table-
II. Frequencies of characteristics like smoking, 
hypertension, diabetes and LDL levels are 
shown in Table-III. Relation of tHcy levels with 
smoking, hypertension, diabetes and LDL is 
shown in Table-IV,V,VI and VII respectively. Table-
VIII depicts the relation of cholesterol with Hcy. 
Lastly Tables-IX and X depict the frequencies of 
hyperhomocystinemia according to gender and 
age respectively.

Minimum=40
Maximum=90
Range= 50

Age Fre-
quency Percent Valid 

Percent
Cumulative 

Percent

V
a
l
i
d

40-50 37 22.56 22.56 22.56
51-60 70 42.9 42.9 65.46
61-70 33 20.10 20.10 85.56
71-80 16 9.9 9.9 95.46
81-90 08 4.8 4.8 100.0
Total 164 100.0 100.0

Mean ±SD 60.90±10.19
Table-I. Distribution of patients by age (n=164)

Fre-
quency Percent Valid 

Percent
Cumulative 

Percent

Valid
Male 88 53.9 53.9 53.9
Female 76 46.1 46.1 100.0

 Total 164 100.0 100.0
Table-II. Distribution of patients by sex (n=164)

N/Frequency %Age
Sex
Male 88 53.9
Female 76 46.1
Total 164 100
Hcy
No 74 45
Yes 90 55
 Total 164 100
Smoking
No 90 55
Yes 74 45
Total 164 100
Hypertension
No 85 52
Yes 79 48
Total 164 100
Diabetes Mellitus
No 129 78
Yes 35 22
Total 164 100
LDL
No 138 84
Yes 26 16
Total 164 100
Cholesterol
No 144 88
Yes 20 12
Total 164 100

Table-III. Clinical characteristics n= 164
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Hcy Total
<15 15+

Smoking 

No
62 28 90

69.55% 30.45% 100.00%
Yes 13 61 74

Total
17.30% 82.70% 100.00%

75 89 164
45.00% 55.00% 100.00%

Table-IV. Frequency of elevated tHcy Level with 
smoking in AMI patients n=164

Hcy Total
<15 15+

Hypertension 
No 38 47 85

45.20% 54.80% 100.00%
Yes 35 44 79

44.80% 55.20% 100.00%
Total 73 91 164

45.00% 55.00% 100.00%

Table-V. Frequency of elevated tHcy Level with 
hypertension in AMI Patients n=164

Hcy Total
<15 15+

Diabetic
No 34 51 85

40.40% 59.60% 100.00%
Yes 49 30 79

61.50% 38.50% 100.00%
Total 83 81 164

45.00% 55.00% 100.00%

Table-VI. Frequency of elevated tHcy with diabetes 
mellitus in AMI patients n=164

Hcy Total
<15 15+

LDL
<160 58 80 138

42.00% 58.00% 100.00%
160+ 16 10 26

60.00% 40.00% 100.00%
Total 74 90 164

45.00% 55.00% 100.00%

Table-VII. Frequency of elevated tHcy level with LDL 
in AMI patients n=164

Hcy Total
<15 15+

Cholesterol  
<260 60 84 144

41.50% 58.50% 100.00%
260+ 14 6 20

71.40% 28.60% 100.00%
Total 74 90 164

45.00% 55.00% 100.00%
Table-VIII. Frequency of elevated HCY Level with 

cholesterol in AMI patients n=164

Presence of 
Hyperhomo-
cystinemia

M
n=88

Per-
cent

F
n=76

Per-
cent

Total
n=164

Per-
cent

Yes 55 61 35 39 90 55
No 33 44 41 66 74 45

Table-IX. Distribution of hyperhomocystinemia 
according to gender

hyperhomocystinemia Total
Yes No

Age 
Group

40-50 27(73%) 10(27%) 37
51-60 40(57%) 30(43%) 70
61-70 15(45%) 18(55%) 33
71-80 6(37%) 10(63%) 16
81-90 2(25%) 6(75%) 8

Total 90(55%) 74(45%) 164
Table-X. Distribution of frequency of 

hyperhomocystinemia according to age (n=164)

DISCUSSION 
Atherosclerotic cardiovascular disease accounts 
for about half of all premature deaths among 
the men in the developed as well as developing 
countries.16 Hypertension, cigarette smoking, 
diabetes mellitus and dyslipidemias are important 
risk factors for 50-75% of coronary artery 
disease.17 There has been much recent interest 
in search for new risk factors which are emerging 
and revolutionizing. Among them the role of the 
elevated tHcy level is growing in pathogenesis of 
atherosclerosis. 

Over the past three decades, the association 
between elevated serum tHcy level and risk of 
cardiovascular disease has grown from an obscure 
hypothesis to a major current topic in preventive 
cardiology. Many studies have demonstrated 
that moderately elevated tHcy level is associated 
with increased risk of CAD, independent of 
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other coronary risk factors. A two fold increase 
in likelihood of CAD among the persons with 
tHcy level more than or equals to 15µmol/L has 
been noted in national representative in United 
States (US).3 More than 20 prospective and 30 
retrospective studies on tHcy level have been 
published. In meta-analysis of 14 case-control 
studies, Bousely and colleagues found that an 
increment of 5 µmol/L of tHcy level above the 
normal was associated with 60% increase of 
odds of CAD in men and 80% increase of odds of 
CAD in women.18 An increase of 5 µmol/L above 
the normal was estimated to increase the risk 
of CAD by as much as 20mg /dl cholesterol. It 
has been reported that increase in 3 µmol/L of 
elevated tHcy level above normal, equals a 35% 
increase in myocardial infarction.19 Matetzkyt 
et al, showed in their prospectus study that 
patients with elevated tHcy level>20µmol/L had 
higher recurrent coronary events as compared 
to those with <20µmol/L.20 Evidence supports 
the hypothesis that elevated tHcy level is an 
independent risk factor for MI and it should be 
screened early like triglyceride and cholesterol.21

It is estimated that 5-10% of population have a tHcy 
concentration >15µmol/L22 and may be as high 
as 30-40 % in elderly population.23 Meta-analysis 
also has estimated that approximately 10% of 
CAD in general population could be attributed 
with hyperhomocystinemia. Framingham study 
showed that plasma tHcy level was >15.8µmol/L in 
25% elderly participants.22 In another prospective 
cohort study carried out in United States involving 
14,914 US males’ physicians without prior MI; it 
was found that those physicians having serum 
tHcy level 12% above the normal had threefold 
increased risks of MI as compared to those 
who had lower levels even after adjustment of 
traditional risk factors.2

Cigarette smoking is an independent risk factor 
for CAD and its cession reduces the incidence 
of CAD. Smoking plays an important role for 
elevated tHcy level by interfering enzyme 
pyridoxal phosphate which is important for 
conversion of Hcy to cystathione by cystathione 
beta synthetase.23 In Hordaland study in Norway 
revealed that increased habit of cigarette 

smoking was associated with increased tHcy 
level.10 Studies examined the role of elevated 
tHcy level and revealed an additive coronary risk 
factors (hyperlipidemias and smoking) effect.24 
In my study the observations show that elevated 
tHcy level is associated with smoking in patients 
presenting with acute myocardial infarction. 
Muhammad Naeem Aslam and Colleagues at 
Faisalabad conducted a study and showed that 
smokers were more prone to have ACS due to 
increased level of serum tHcy level.25 These 
finding are consistent with the observations of 
my results. Muhammad Aamir and Colleagues 
at Rawalpindi conducted a study and showed 
that elevated tHcy level was associated with 
smoking (p-0.04) and subsequently CAD19 J.R 
Faria-Neto and Colleagues revealed that elevated 
tHcy level was associated with smoking but not 
with CAD in Brazilian population.26 My results are 
also comparable with study done by Gulbahar 
and Colleague in Iran at Shiraz. They concluded 
that serum elevated tHcy level had relation with 
smoking in CAD patients.27 Cigarette smoking 
is the most prevalent both in low and high 
socioeconomic society. Poor people use it as 
cheap leisure activity due to lack of awareness 
and education, whereas rich for status symbol. 
Our population need awareness that smoking 
greatly increases the risk of CVD and therefore be 
offered intensive advice to help them cease it. It 
will reduce the elevated tHcy level which is culprit 
of CVD. None of the patient has tHcy level >100 
µmol/L which is severe hyperhomocystinemia. It is 
due to enzyme deficiencies that usually manifests 
with early age in the form of thromboembolism. 
In my study, average age was 50 year. It is 
unlikely that elevated tHcy level is due to enzyme 
deficiency.

Hypertension is also a notorious risk factor 
for causing CAD but the association between 
elevated tHcy level and hypertension has not 
been studied extensively. One study showed 
that an elevated serum tHcy level was positively 
correlated with hypertension and heart rate in 
patients of myocardial infarction but mechanism 
behind this relationship was not known. Another 
study showed that when hypertension was 
taken into consideration, tHcy levels were 

5
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not significantly different in normotensive as 
compared to hypertensive CAD patients. When 
they were segregated on the basis of coexistence 
of hypertension and diabetes, those were found 
with low levels.28 Elevated tHcy level impairs 
vasodilatory mechanism, which can support 
that correlation.29 Results of my study show that 
an elevated tHcy levels are not associated with 
hypertension. These results are comparable to 
the study conducted by Muhammad Aamir and 
Colleagues at Rawalpindi (Pakistan).19 Results are 
also comparable with the studies done in India 
by Mehta and Colleagues, where association 
between elevated tHcy level and hypertension 
had not been observed.28 The observations of 
my study also have matched with the results of 
Monta A and Colleague, where no association 
has been found between elevated tHcy level 
and hypertension in CAD patients in Mexican 
(USA) population.30 More studies are needed 
with adjustment other coronary risk factors for 
clarification the possible influence of elevated 
tHcy level with hypertension. Hypertension 
accounts for about 50% of CAD. If elevated tHcy 
level is associated with hypertension, then early 
screening of it should be carried out to prevent 
the CVD.

Diabetes mellitus is also a major risk factor 
for CAD. Its causal effect for atherosclerosis 
is multifactorial. The mean plasma tHcy level 
is usually low or normal in diabetic patients 
except in diabetic nephropathy due to higher 
glomerular filtration rate. Although diabetes 
and hyperhomocystinemia are strong risk 
factors for CAD, but association between them 
were not seen.28 Hoffmann et al reported that 
hyperhomocystinemia was more common in 
type-1 DM with nephropathy.31 Deepa et al did 
not reveal any significant increase of tHcy level 
in DM or DM with CAD.18 Results of my study 
show that elevated tHcy level is not associated 
with diabetic patients (p-0.176). These results 
are comparable to the study conducted by 
Muhammad Aamir and Colleagues in Rawalpindi 
(Pakistan).19 Another study was done by Mehta 
and Colleagues in Ahmedabad, India, and 
showed that mean tHcy level in DM patients were 
14.4µmol/L whereas nondiabetic had 30 µmol/L.28 

Monta A and Colleague conducted a study and 
revealed that Mexican (USA) population had 
not any association between elevated tHcy level 
and diabetes mellitus.30 These patients develop 
glomerular hyper filtration before the onset 
of diabetic nephropathy which leads to more 
excretion of tHcy in urine, resulting in lower level. 
More studies and more number of the patients 
with long trials, adjusting of others coronary 
risk factors are needed to see exact relationship 
between elevated tHcy and diabetes mellitus in 
ACS patients.

Dyslipidemias is also major coronary risk factor. 
It accounts for 40% of CAD. The association 
between elevated tHcy level and dyslipidemias 
has not been studied extensively. Some studies 
have established relationship between them 
while others rejected it. The observations of 
one study showed that elevated tHcy level had 
strong association with dyslipidemias. This might 
be explained by the fact that synthesis of tHcy 
and lipids were related.24 In Hordaland study 
in Norway revealed that increased cholesterol 
and triglycerides were associated with elevated 
tHcy level.10 Studies examined the role of 
hyperhomocystinemia in patients with CAD risk 
factors and demonstrated an additive risk factors 
(dyslipidemias and smoking) effect.21 Results 
of my study show that an elevated tHcy level is 
not associated with dyslipidemias (LDL P-0.296, 
cholesterol P-0.135 which is not statistical 
significant). These results are comparable to 
the study conducted by Muhammad Aamir and 
Colleagues at Rawalpindi (Pakistan).19 In Iran 
Gulbahar and Colleague showed that elevated 
tHcy level was not associated with dyslipidemias.27 
Monta A and Colleague conducted a study 
and revealed that elevated tHcy level was not 
associated with dyslipidemias in Mexican (USA) 
population.30 The observations from my study are 
statistical insignificant due to smaller number of 
dyslipidemic patients encountered (LDL patients 
n=10, and hypercholestoremic patients n=7). 
More studies and more number of patients are 
needed for clarification the possible influence of 
elevated tHcy level with dyslipidemias in ACS 
patients.

6
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Moreover elevated tHcy level is potential 
modifiable risk factor with folic acid, vitB6 and 
vitB12. Treatment of elevated tHcy level is 
inexpensive in developing countries. A regimen of 
folic acid 1 mg, vitB6 10mg and vitB12 400 µgram 
significantly reduced cardiovascular events in 
patients undergoing angioplasty. In USA tHcy 
level has decreased by fortification of cereals flour 
with folic acid in coronary artery disease. Mishra 
et al in their study of an urban population have 
observed an association between elevated tHcy 
level and low intake of folic acid and vitB12.1 Folic 
acid in dose of 400 µgram/day reduces elevated 
tHcy level 25% and with addition of vitB12 further 
reduces it 7%. Demographic factors play a role 
in explaining the variability in the impact of folic 
acid on elevated tHcy level e.g. food fortification 
with folic acid is done in USA while this practice 
is not present in European and Asian. The 
supplementation has influence on elevated tHcy 
level. 

CONCLUSION
Elevated homocysteine level is associated with 
cigarette smoking but not with other traditional 
coronary risk factors in patients presenting with 
acute myocardial infarction. Therefore, smokers 
are more prone to have CVD due to increased 
level of homocysteine. Smokers should be offered 
intensive advice to help them stop the cigarette 
smoking habit. This will result in reduction 
in elevation of homocysteine level, which is 
synergistic culprit in pathogenesis of coronary 
atherosclerosis. Moreover elevated homocysteine 
level is easily and potentially modifiable coronary 
risk factor. Its treatment is inexpensive with folic 
acid, vitamin B6, and vitamin B12. Modification of 
this novel and new emerging coronary risk factor 
will lead to decrease of morbidity and mortality 
in patients due to CVD. More studies and more 
number of patients are required to assess the 
possible influence of elevated homocysteine level 
with other traditional coronary risk factors. 
Copyright© 25 July, 2018.
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