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ABSTRACT

Aim: We investigated the relationship between hyperhomocysteinemia, coagulation factors and acute coronary syn-
drome. Materials and method: The study was conducted at cardiology and hematology department of Dicle University
Medical School between January 1% 2003 and May 31 2009. The study included 96 patients with acute coronary syn-
drome and 96 controls. Results: Baseline characteristics of patients (63 males, 33 females, mean age: 56.4 years) and
controls (58 males and 38 females, mean age: 51.1 years) were similar. There was a statistically significant difference
between two groups according to homocysteine levels (13.4 + 8.0 micromole/L vs. 12.8 + 7.1 micromole/L p = 0.042).
In this study, we found that hyperhomocysteinemia, smoking, elevated levels of CRP, low levels of HDL, positive family
history, presence of hypertension, BMI > 27, low levels of protein C and protein S were associated with high risk for
acute coronary syndrome. Fibrinogen level, factor V level, factor VIII level, factor IX level ,factor X level ,and factor V
leiden (p = 0.128) are not risk factors for acute coronary syndrome. Conclusion: Hyperhomocysteine is a significant
risk factor for acute coronary syndrome. There is not relationship between coagulation factors and acute coronary
syndrome except low levels of protein C and protein S.
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1. Introduction

Atherosclerosis is the most common cause of death
worldwide [1]. Atherosclerosis is considered to be a
pathophysiologic process that leads to several diseases
like coronary artery disease, cerebrovascular disease,
carotid artery disease and peripheral artery disease.
Coronary atherosclerosis begins at early stages of life.
Atherosclerosis is present histologically in most of
young adults, but years are required for maturation of
atherosclerotic plaques to cause ischemic heart diseases.
Proliferation of smooth muscle cells, increase in matrix
synthesis and lipid deposition lead to narrowing of
coronary arteries. Infiltration of the intima with lipids
and inflammatory cells causes various degrees of fibro-
sis [2]. If erosion or tear does not occur at the surfaces of
these fibrotic areas, the patients experience stable angina
pectoris; if plaque rupture or erosion occurs, life threat-
ening clinical conditions that are known as acute coro-
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nary syndromes may develop.

The association between acute coronary syndrome
and various risk factors like age, gender, smoking, ele-
vated CRP levels, inflammation, diabetes, low HDL
levels and dyslipidemia, systemic hypertension, obesity,
family history, socio-economical status, physical inac-
tivity, coagulation factors, lipoprotein a, PAF1 and
plasma homocysteine levels is defined in many studies
[3]

The coexistence of premature atherosclerosis and ar-
terial thrombosis with severe homocysteinemia was first
described by Mc Cully and colleagues in 1969 [4].
However, mild to moderate elevations in homocysteine
levels were reported recently to be risk factors for
atherosclerosis and thrombosis. Moderate elevations at
homocysteine levels were shown to be associated with
an increase the risk for coronary artery disease in many
studies [5-9]. Homocysteine provides a suitable back-
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ground for atherosclerosis by impairing the mechanisms
of coagulation-fibrinolysis, endothelial functions and
proliferation of smooth muscle cells. In addition, in-
creased thromboxan A2 and decreased prostacyclin
cause increase in aggregation of platelets. The relation-
ship between the coagulation factors and heart diseases
is shown in many studies. In addition, homocysteine
provides a background for atherosclerosis by leading to
various impairments in coagulation factors like active-
tion of factor XII, decreased ATIII levels, activation of
factor V, decreased activation of protein C, decrease in
production and activation of thrombomodulin, increased
affinity of lipoprotein a to fibrin and inhibition of vWF.
In addition, oxidative arterial damage and impaired en-
dothelial vasomotor regulation cause change of coagula-
tion and endothelial thromboembolic events [10].

In this study, we investigated the risk factors for acute
coronary syndrome, particularly hyperhomocysteinemia,
coagulation factors (protein C, protein S, fibrinogen,
factor V, factor VIII, factor IX, factor X and factor V)
leiden mutation in people living in Southeast of Turkey.

2. Materials and Methods
2.1. Study Centre

The study was performed between January 2003-May
2009 at Dicle University Medical School, Department of
Cardiology and Hematology Unit which is the reference
centre for follow up of acute coronary syndrome and
hematology laboratory.

2.2. Patients Group

A total of 96 patients (33 females and 63 males) were
included in the study without any age restriction; 75 pa-
tients had acute myocardial infarction and 21 patients
were diagnosed as unstable angina pectoris. The diag-
nosis of acute myocardial infarction (MI) depended on
the presence of ST segment elevation >2 mm at least two
consecutive derivations in the Eectrocardiyogram (ECG),
besides elevation of cardiac enzymes; 32 patients had
inferior MI and 43 patients had anterior MI. Unstable
angina pectoris (UAP) diagnosis was established accord-
ing to the presence of ST segment depression or negativ-
ity of T-wave at ECG, plus elevation in troponin-I levels;
there were 21 patients with UAP. The patients were in-
cluded in the study following a mean period of 48 hours
which they were in the intensive care unit.

2.3. Control Group

A total of 96 healthy subjects (38 females and 58 males),
who were admitted to outpatient clinics of Dicle Univer-
sity Medical School, Department of Internal Medicine,
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who did not have any history for coronary artery disease
and whose physical examination, ECG and chest x-ray
findings were normal constituted the control group. Both
groups were similar according to ages and genders of the
subjects (the mean age was 51.15 in controls and 56.41
in patients).

2.4. Other Characteristics of the Participant

All participants were questioned about the age, gender,
family history and CAD history. When evaluating the
patients for obesity the criteria of World Health Organi-
zation (WHO) were taken into consideration. The par-
ticipants whose BMI measurements were between 25 -
29.9 were accepted as weight excess, whose BMI > 30
were accepted as obese and whose BMI > 40 were ac-
cepted as morbid obese. The history for smoking was
questioned as well. The duration of smoking was deter-
mined. The presence of hypertension was investigated.
The subjects whose fasting blood glucose levels were
higher than 126 mg/dl and/or postprandial (120 min.)
blood glucose levels were higher than 200 mg/dl were
considered to be diabetic.

2.5. Laboratory Evaluations

In order to evaluate the level of homocysteine, 3 - 4 cc
blood sample from antecubital vein was taken from all
patients and healthy controls into 4.5 cc tubes with
EDTA. Abbott Aeroset Toshiba auto analyzer was used
in order to measure the levels of total cholesterol,
HDL-cholesterol, LDL-cholesterol and triglycerides as
mg/dl. In order to measure the levels vitamin B12 (pg/ml)
and folic acid (ng/ml), 6-7 cc blood samples was taken
into biochemical tubes with gel and these samples were
analyzed via Roche Hitachi Modular E170 tool. In addi-
tion, 4 - 5 cc blood sample was taken into 5 cc blood
tubes to evaluate the levels of CRP (mg/dl), factor V (%),
factor VIII (%), factor IX (%), factor XII (%), protein C,
protein S and APC resistance and these samples were
studied with Instrumentation Laboratory Coagulation
Kit and ACL Advance Coagulometry tool. Furthermore,
factor V mutation was evaluated with Light Cycler
polymerase chain reaction (PCR) from the blood that
was taken into complete blood tube with EDTA.

2.6. Measurement of Homocysteine

The levels of total homocysteine in blood samples were
measured with immunoassay method by using Immulite
Homocysteine analyzer (PILKHO-5, 2002-06-19). Ho-
mocyteine in plasma or serum was separated from bind-
ing protein and was incubated at 37°C for 30 minutes.
Then it was converted to S-adenosyl-L-Homocysteine
(SAH) by S-adenosyl-L-Homocysteine hydrolase and
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dithiothretiol (DTT). The basis of measurement method
was the conversion of homocysteine to S-adenosyl-L-
Homocysteine (SAH) and the measurement of S-adeno-
syl-L-Homocysteine (SAH) via enzyme-linked immuno-
assay method.

2.7. Statistical Methods

Statistical analyses were performed with SPSS 16.0
software. Comparison of categorical variants was per-
formed with chi-square (Fischer’s exact test) and Stu-
dent-t test was used in comparison of numeric variants of
two groups. The level of statistical significance was ac-
cepted as p < 0.05. Quantitative values of patients and
controls were expressed as mean + standard deviation
and qualitative values were expressed as percentage. An
error level of 0.05 was taken into consideration.

3. Results

The study included a total of 192 participants (96 pa-
tients with coronary artery disease and 96 healthy con-
trols. The mean age of patients was 56.41 years (range,
34 - 85 years) and of controls was 51.15 years (range 26
- 76 years). There was not any difference between two
groups according to age and gender (p > 0.05) (Table 1).
We determined plasma homocysteine level as 13.4 +
8.0 micromole/L in patients group and as 12.8 £+ 7.1
micromole/L in controls (Table 1). The frequency of
homocysteinemia was 2.34 times higher in CAD group
than controls (p = 0.019, OR = 2.34) (Tables 2 and 6).
The levels of plasma vitamin B12 was found to be sig-
nificantly low in individuals whose plasma homocys-
teine levels were elevated (p < 0.05) (Table 3).
Hyperhomocysteinemia, smoking, elevated levels of
CRP, low levels of HDL, positive family history, pres-
ence of hypertension, BMI > 27, low levels of protein C
and protein S were found to be statistically significant
higher in CAD group than controls (Tables 4 and 5).
There was not any statistically significant difference
between two groups according to total cholesterol level
(p > 0.05), LDL-cholesterol (p = 0.839), triglyceride (p
> (.05), fibrinogen level (p = 0.05), factor V level (p =
0.214), factor V leiden mutation (p = 0,128), factor VIII
level (p = 0.208), factor IX level (p = 0.457), factor X

Table 1. The distribution of ages, genders, and plasma level
of homocysteine in patients and controls.

Control Group CAD group P value
n 96 96
Age(mean + SD) 56.4+12.14 51,15+ 11.87 NS
(34-85) (32-176)
Gender 38 (53.5%) female 33 (46.5%) female NS
58 (47.9%) male 63 (52.1%) male
Homocysteine 13.4+8.0 13.4+8.0 0.042
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Table 2. The comparison of two groups according to low,
normal and high homocysteine levels.

The level of homocysteine

Elevated Normal Low
homocysteine homocysteine homocysteine
levels levels levels
n (%) n (%) n (%)
Patient 47 489 45 468 4 4.1
group
Contol - »e 291 63 656 3 3.1
group
Total 108 100 75 100 7 100

Table 3. The relation between hyperhomocysteinemia and
vitamin B12 levels.

Homocysteine

Vit B12

Normal Elevated Low Total
Normal 89 29 4 122
Elevated 3 3 6
Low 13 38 2 53
Total 105 70 6 181

Table 4. Evaluation of patient and control groups with re-
spect to protein S.

Protein S levels

Low Normal Elevated Total
n (%) n %) n (%) n (%)
Patients 12 75 69 434 2 66.7 69 434
Controls 4 25 90 56.6 1 333 95 53.4
Total 159 100 16 100 3 100 178 100

Table 5. Evaluation of patient and control groups with re-
spect to protein C.

Protein C levels

Low Normal
n (%) n (%)
Patients 40 69 43 35,8
Controls 18 39 18 31,0
Total 159 100 120 100

level (p = 0.205), gender (p = 0.550) and the presence
of menopause in females (p > 0.05). In addition, there
was not any correlation between vitamin B12 (p = 0.083)
and folic acid (p = 0.619) levels and increase CAD risk.
But there was a relationship between low vitamin B12
levels and high homocysteine levels (Table 6).

4. Discussion

The incidence of hyperhomocysteinemia was reported as
5% in general population and as 13% - 47% in individu-
als with symptomatic atherosclerotic disease. Normally
fasting plasma total homocysteine level is below 15
micromole/L [12]. Plasma homocysteine level between
15 - 30 micromole/L is defined as mild, between 31 -
100 micromole/L is defined as moderate and above 100
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Table 6. Risk factors for CAD.

Risk Factor p OR
Elevated plasma homocysteine level p=0.019 2.34
Smoking p<0.05 3.1
Presence of hypertension p<0.05 6.1
Positive family history P=0.017 4.6
Elevated CRP levels p<0.05 4.6
BMI > 27 p =0.008 4.6
HDL < 35 mg/dl p<0.05 4.1
Low levels of protein S p =0.042 39
Low levels of protein C p=0.013 39
Gender p=0.550

Presence of menopause in females p>0.05

Elevated total cholesterol levels p>0.05

Elevated LDL-cholesterol levels p=0.839

Elevated triglycerides p>0.05

Fibrinogen level p=0.510

Factor V level P=0214

Factor VIII level p =0.208

Factor IX level p =0.457

Factor X level p =0.208

Factor V leiden mutation p=0.128

Vitamin B12 level p =0.083

Folic acid level p=0.619

micromole/L is defined as severe hyperhomocysteine-
mia [13]. The risk for coronary artery disease was found
2.6 times higher in individuals whose homocysteine lev-
els were higher than 12.2 micromole/L [14]. This rela-
tionship was reported to be more powerful in especially
individuals with plasma homocysteine levels higher than
15 micromole/L [15,16,23]. Boushey and colleagues
have demonstrated that there was a linear association
between vascular disease and homocysteine level. Five
micromole/L elevations in homocysteine levels were
found to increase the risk for vascular disease 1/3 times
more [17].

It was proposed that homocysteine levels were af-
fected by acute phase reactants and that was the reason
for high homocysteine levels at blood samples that were
obtained at acute period. But it was shown later that
homocysteine levels did not differ significantly during
acute myocardial infarction [18].

There were many prospective cohort studies (Physi-
cians Health Study-BUPA, UK-Tromso, Norway-British
Regional-Nygard, Belgium-Physicians Health-MRFIT,
USA-North Karelia Project-ARIC, USA) that revealed
an association between hyperhomocysteinemia and vas-
cular diseases [19-21]. Boushey and colleagues per-
formed a meta-analysis and evaluated 4000 patients in
27 cross-sectional and retrospective studies. They found
a powerful correlation between atherosclerotic vascular
disease and homocysteine levels in patients with an-
giographically proven coronary artery disease [17].

The Large European Collaborative Study supported
the findings of Boushey et al in their analysis of more
than 40 studies [16]. Hyperhomocysteinemia increases
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the risk for coronary artery disease more in the presence
of any other risk factor like smoking or hypercholes-
terolemia. We found a statistically significant correlation
between elevated homocysteine levels and coronary ar-
tery disease (p = 0.019). Plasma homocysteine levels
were higher in CAD group than controls. Mild to mod-
erate hyperhomocysteinemia is an independent risk fac-
tor for coronary, cerebral and peripheral atherosclerosis
[2,25]. The risk for stroke and MI increases in elderly
people in relation with total homocysteine levels. Each 1
micromole/L increase in total homocysteine level leads
to a linear 6% - 7% increase in the risk for stroke and MI
[22]. The meta-analysis of many studies revealed that
fasting homocysteine levels were positively correlated
with recurrent venous thrombosis. Moreover, many stud-
ies reported that hyperhomocysteinemia was an inde-
pendent risk factor for deep vein thrombosis [23-28].

MTFHR mutation is often at the nucleotide 677 be-
tween C and T [29,30]. In people with homozygous
MTFHR mutation, the decrease in folic acid levels in-
creases the risk of vascular atherosclerotic disease [31].
The risk for hyperhomocysteinemia increases with the
deficiency of folic acid, vitamin B6 and vitamin B12
[32,33]. We did not find any correlation between the lev-
els of vitamin B12 (p = 0.083) or folic acid (p = 0.619)
and increased risk for CAD. But there was a significant
asso- ciation between the decrease in vitamin B12 levels
and the increase in homocysteine levels (p < 0.05). It
was reported in a meta-analysis of 12 randomized, con-
trolled studies conducted with 1114 patients that daily
folic acid supplementation positively effected homocys-
teine levels (25% decrease in homocysteine levels with
supplementa- tion of folic acid at a daily dose of 0.5 - 5
mg and 7% decrease in homocysteine levels with sup-
plementation of vitamin B12 at a daily dose of 0.5 mg)
[34].

The presence of obstructing thrombus was shown in
almost all patients with acute myocardial infarction and
in necropsy materials of sudden cardiac deaths. Thus
there is not any suspicion about the role of haemostatic
factors in pathophysiology of the disease. The relation
between plasma fibrinogen level and cardiac disease was
shown in many studies [35-37]. We did not find any sta-
tistically significant difference between two groups ac-
cording to fibrinogen level (p = 0.05), factor V level (p =
0.214), factor VIII level (p = 0.208), factor IX level (p =
0.457), factor X level (p = 0.205), and factor V level (p
= 0.128). There is a significant correlation between the
deficiencies of protein C and S and the increase in the
risk for deep vein thrombosis. Nonetheless, there is a
general suggestion that the deficiencies of these proteins
were not a predisposing factor for arterial thrombosis
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[38]. However, it was reported in some clinical studies
that the risk for AMI increased in individuals with ele-
vated plasma procoagulant levels [39]. We found protein
S (p = 0.42) and protein C (p = 0.130) levels signifi-
cantly low in CAD group than controls.

In this study, we found that hyperhomocysteinemia,
smoking, elevated levels of CRP, low levels of HDL,
positive family history, presence of hypertension, BMI >
27, low levels of protein C and protein S were associated
with high risk for acute coronary syndrome. Fibrinogen
level, factor V level, factor VIII level, factor IX
level ,factor X level, and factor V level (p = 0.128) are
not risk factors for acute coronary syndrome.

In conclusion , we found that hyperhomocysteine is a
significant risk factor for acute coronary syndrome.
Except low levels of protein C and protein S, there is not
relationship between coagulation factors and acute coro-
nary syndrome.
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