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Coronary Artery Disease

Hyperhomocysteinemia Predicts the Severity of
Coronary Artery Disease as Determined by the
SYNTAX Score in Patients with Acute
Coronary Syndrome
Muhammed Karadeniz,1 Taner Sarak,1 Mustafa Duran,2 Caglar Alp,1 Huseyin Kandemir,1
¤brahim Etem Celik,2 Vedat Simsek1 and Alparslan Kòlòc2

Background: Hyperhomocysteinemia is a known risk factor for acute coronary syndrome (ACS) and is related with
the severity of coronary artery disease (CAD). Previous studies have used less quantifiable scoring systems for
assessing the severity of CAD. Therefore, we aimed to assess the relationship between homocysteine levels and
SYNTAX score (SXscore), which is currently more widely used to grade the severity of CAD.
Methods: A total of 503 patients with adiagnosis of ACS were examined angiographically with SXscore. The patients
were divided into three groups according to SXscore; Group 1 a low SXscore (£ 22), Group 2 a moderate SXscore
(23-32), and Group 3 a high SXscore (³ 33).
Results: Plasma homocysteine levels were 16.3 ± 6.2 nmol/mL in Group 1, 18.1 ± 9.6 nmol/mL in Group 2, and 19.9
± 9.5 nmol/mL in Group 3. Homocysteine levels were significantly higher in Group 2, and Group 3 compared to
Group 1 (p = 0.023 and 0.007, respectively). In the correlation analysis, homocysteine levels were correlated with
SXscore (r: 0.166, p < 0.01).
Conclusions: Serum homocysteine levels on admission were associated with an increased severity of CAD in the
patients with ACS.
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INTRODUCTION

Hyperhomocysteinemia can affect many atherogenic
mechanisms. Elevated homocysteine levels can increases
low density lipoprotein (LDL) intake into the vascular
wall and stimulate vascular smooth muscle growth.2 Hyperhomocysteinemia has been recognized as a risk factor for the presence and acceleration of atherosclerosis,
hypercoagulability and atherothrombosis leading to coronary artery disease (CAD).3,4 Hyperhomocysteinemia
has been associated with a greater risk of adverse cardiovascular diseases such as acute coronary syndrome
(ACS), stroke and cardiovascular mortality.5,6
CAD has become a major public health problem and
is a main contributor to morbidity and mortality worldwide. The severity of CAD can be assessed with scoring
systems such as Gensini and SYNTAX.7,8 The number of

Homocysteine is an amino acid compriseds of sulfide. It plays a major role in folate metabolism and is
produced by the demethylation of methionine.1 Hyperhomocysteinemia can be caused by vitamin B12 and folic acid deficiency and by genetic defects in enzymes.
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ferent projections. The severity and complexity of CAD
was evaluated by SYNTAX score (SXscore). At least 50%
stenosis was accepted as significant CAD. All lesions with
a diameter of at least 1.5 mm in a coronary artery that
were causing significant stenosis were included in the calculation of SXscore. The website (http://www.syntaxscore.
com) was used to calculate SXscore. The SXscore was
calculated separately by two different interventional
cardiologists who were blinded to the patients and study
protocol. In cases of disagreement between the two calculations, a senior interventional cardiologist was consulted and a common consensus was obtained from the
three operators. After calculating the SXscore, the patients were divided into three groups. The first group
(low SXscore ) was composed of patients with an SXscore of £ 22, the second group (intermediate SXscore)
was composed of patients with an SXscore of 23-32, and
the third group (high SXscore) was composed of patients
with an SXscore of ³ 33.
Statistical analysis was performed using SPSS version 16.0 for Windows (SPSS Inc., Chicago, IL). The distribution of variables was analyzed using the KolmogorovSmirnov test. The chi-square test was used to compare
categorical variables, and the Student’s t-test and MannWhitney U tests were used to compare parametric and
non-parametric variables. Statistical correlations were
assessed using Pearson’s and Spearman’s correlation
analyses according to the distribution type. Analysis of
variance (ANOVA) with post-hoc analysis was used to
compare means among the three groups to assess each
between two-group differences. Multiple linear regression analysis was then performed with standard and
forward stepwise selection to identify independent factors associated with the severity of atherosclerosis. Data
are expressed as mean ± SD for parametric variables
and median (minimum-maximum) for non-parametric
variables. A p < 0.05 was accepted as being statistically
significant. The study was approved by the local ethics
committee, and informed consent was obtained from all
study participants.

obstructed arteries can also be used to assess the severity of CAD. Well-known traditional risk factors for CAD
include diabetes mellitus, hypertension, hyperlipidemia,
smoking and advanced age. However, some patients
with CAD (15-20%) do not have any known risk factors.9
Investigators have reported that hyperhomocysteinemia
should be considered in patients with ACS and those
without conventional risk factors. Therefore, this study
aimed to determine the relationship between the severity of CAD and levels of homocysteine in patients with
ACS.

METHODS
A total of 503 patients with a diagnosis of ACS who
were admitted to our clinic between March 2013 and
December 2015 were included in the present study. Coronary angiography was performed in all patients. The
ACS spectrum was defined as unstable angina pectoris
(USAP), non-ST elevation myocardial infarction (NSTEMI)
and ST-elevation myocardial infarction (STEMI), and the
diagnosis was established according to practice guidelines.10,11 The inclusion criteria were a diagnosis of ACS.
The exclusion criterias were the presence of any of the
followings: acute/chronic renal failure, chronic obstructive lung disease, any malignancy, active infectious disease, liver failure, previous history of heart failure, decompensated heart failure, previous history of revascularization (percutaneous or surgical), moderate or severe valvular heart disease, peripheral arterial disease,
aortic dissection, pulmonary embolism, any thyroid disease, and any rheumatological disease.
Hemoglobin, platelets and white blood cell count,
homocysteine, creatinine, glucose, high sensitivity C-reactive protein (hs-CRP), glycated hemoglobin (HbA1C)
and cholesterol levels were assessed. The homocysteine
level was determined using a commercially available kit
(Chromsystems Instruments & Chemicals GmbH Am Haag
12, 82166 Gräfelfing, Germany) by high-pressure liquid
chromatography and fluorometric methods in blood
samples with ethylenediaminetetraacetic acid.
Judkins technique was used for coronary angiography using a digital angiographic system (Siemens Axiom
Artis zee 2011; Siemens Healthcare, Erlangen, Germany).
All coronary arteries were visualized in at least two dif-

RESULTS
In total, 503 patients with ACS were included in the
study, of whom 291 (57%) had STEMI, 154 (30%) had
459
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were significantly higher (p2 = 0.012, p2 = 0.013, and p2
= 0.023, respectively) in the first group (Table 2).
Plasma homocysteine levels were 16.3 ± 6.2 nmol/
mL in the first group, 18.1 ± 9.6 nmol/mL in the second
group and 19.9 ± 9.5 nmol/mL in the third group. Homocysteine levels were significantly higher in the second
group and third groups compared to the first group (p1
= 0.023 and, p2 = 0.007). According to the correlation
analysis, homocysteine levels were correlated with SXscore (r = 0.166, p < 0.01, Figure 1).
According to the multiple linear regression analysis,
age (B = 0.170, p < 0.001), diabetes (B = 2.6, p = 0.005),
creatinine level (B = 3.1, p = 0.032) and homocysteine
level (B = 0.144, p = 0.017) were independently associated with SXscore (Table 3).

NSTEMI, and 58 (11%) had USAP. According to ANOVA
with post-hoc analysis, homocysteine levels were not
different in the subgroups of ACS (17.4 ± 8.0 in patients
with STEMI, 16.7 ± 6.2 in patients with NSTEMI, 15.7 ±
7.6 in patients with USAP, p > 0.05 for between each
groups). The demographic and clinical characteristics of
the patients are shown in Table 1. The first group was
compared with the second and the third groups separately. The statistical difference between the first group
and second groups was termed p1, and the difference
between the first and third groups was termed p2. When
the first and second groups were compared, age and
prevalence of diabetes were significantly lower (p1 =
0.003, and p1 = 0.044, respectively), haemoglobin levels
were significantly higher in the first group (p1 = 0.003).
When the first and third groups were compared, age,
prevalence of diabetes, creatinine, glucose and HbA1c
levels were significantly lower (p2 < 0.001, p2 = 0.004,
p2 = 0.002, p2 = 0.002, and p2 = 0.003, respectively),
haemoglobin levels, smoking and family history of CAD

DISCUSSION
In the present study, homocysteine levels were higher

Table 1. Baseline clinical features
Baseline clinical features

Group I

Group II

Group III

p1

p2

Age (mean ± SD)
Male sex (%)
Arterial hypertension (%)
Hypercholesterolemia (%)
Diabetes (%)
Family history of CAD (%)
Smokers (%)
Previous CVA (%)

59.69 ± 12.2
249 (70.7)
162 (46.7)
122 (35.2)
105 (30.2)
62 (17.9)
165 (47.6)
7 (2).

63.62 ± 12.4
74 (63.8)
62 (54.4)
40 (35.1)
46 (40.4)
18 (15.8)
43 (37.7)
2 (1.8)

69.89 ± 13
26 (74.3)
18 (51.4)
08 (22.9)
19 (54.3)
1 (2.9)
9 (25.7)
2 (5.7)

0.003
0.161
0.154
0.989
0.044
0.611
0.067
0.860

< 0.001 <
0.659
0.592
0.143
0.004
0.023
0.013
0.169

CAD, coronary artery disease; CVA, cerebrovascular accident.

Table 2. Comparision of baseline blood features in all groups
Baseline blood features
Glucose (mg/dL, mean ± SD)
HbA1c (mg/dL, mean ± SD)
Creatinine (mg/dL, mean ± SD)
Total cholesterol (mg/dL, mean ± SD)
HDL-C (mg/dL, mean ± SD)
LDL-C (mg/dL, mean ± SD)
Triglycerides (mg/dL, mean ± SD)
Hs-CRP (mg/dL, mean ± SD)
Hemoglobin (g/dL, mean ± SD)
Platelets (103/mm3, mean ± SD)
White blood cells (106/mL,mean ± SD)
Homocysteine (nmol/mL, mean ± SD)

Group I

Group II

Group III

p1

p2

144 ± 77
06.7 ± 1.7
1.06 ± 0.3
194 ± 54
040 ± 10
123 ± 41
0165 ± 126
06.4 ± 3.9
14.2 ± 1.8
237 ± 73
10.3 ± 3.2
16.3 ± 6.2

160 ± 86
07.0 ± 1.8
01.11 ± 0.29
191 ± 48
40 ± 8
121 ± 42
0169 ± 121
07.0 ± 3.8
13.6 ± 1.9
240 ± 65
10.7 ± 3.8
18.1 ± 9.6

188 ± 99
07.4 ± 2.0
01.23 ± 0.28
186 ± 57
43 ± 9
112 ± 44
160 ± 90
07.5 ± 3.8
13.3 ± 1.5
226 ± 94
10.2 ± 3.9
19.9 ± 9.5

0.060
0.211
0.196
0.614
0.761
0.659
0.731
0.157
0.003
0.680
0.176
0.023

0.002
0.030
0.002
0.399
0.062
0.161
0.836
0.108
0.012
0.430
0.888
0.007

HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein-cholesterol; Hs-CRP, high sensitive C-reactive protein; LDL, lowdensity lipoprotein; LDL-C, low-density lipoprotein-cholesterol; SD, standard deviation.
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Table 3. Relationship between Syntax Score and risk factors in
multiple linear regression analysis

Variables

Age
Diabetes
Creatinine
Homocysteine

Unstandardized Standardized
coefficients
coefficients
B

Std. error

Beta

0.170
2.639
3.154
0.144

0.035
0.927
1.464
0.060

0.228
0.130
0.102
0.112

t

p

4.810
2.847
2.154
2.390

< 0.001
< 0.005
< 0.032
< 0.017

An increased mortality rate has been reported in
parallel with increased severity of CAD.23 Relationships
between hyperhomocysteinemia and all-cause/cardiovascular mortality were shown in these studies, however
the underlying mechanisms are not clear. An increased
severity of atherosclerosis in patients with hyperhomocysteinemia (as in the current study), and a relationship
between the severity of atherosclerosis and increased
mortality in patients with CAD may be the underlying
mechanism.
Few studies have investigated the relationship between the severity of CAD and hyperhomocysteinemia,
and the results of these studies have been inconsistent.
Homocysteine concentrations were more elevated in
three-vessel disease than in single vessel disease in the
study of Joubran et al.14 Wu et al. found that homocysteine levels were strongly correlated with the severity of
CAD.13 Shenoy et al. used Gensini score to assess the severity of CAD, and found that homocysteine levels were
elevated more in the CAD group, and that homocysteine
levels were also correlated with the extent of the disease.12 In our study, we found that homocysteine levels
were higher in the high SXscore group of ACS patients.
This study differs from previous studies in that we used
SXscore, which is a more specific method to assess the
severity of CAD.
Although the physiopathogenesis of the association
between elevated homocysteine and extent of CAD is
not completely understood, multiple mechanisms may
be involved. First, inflammatory processes are known to
play an important role in atherosclerosis. Elevated homocysteine levels, an important inflammatory marker,
may play a role in the progression of atherosclerosis and
increased severity of CAD. Second, associations among
elevated homocysteine levels and increased thrombogenicity, oxidative stress and endothelial dysfunction

Figure 1. Correlation analysis of serum homocysteine levels and SYNTAX score (r: 0.166, p < 0.01).

in the high SXscore group than in the low SXscore group
of ACS patients. Although a few studies have reported a
positive correlation between homocysteine levels and
severity of CAD,12-15 no previous study has reported an
association between homocysteine levels and severity
of CAD using SXscore. Several methods can be used to
assess the severity of the CAD; such as the number of
diseased vessels, Gensini and SXscore. We used SXscore
in this study because it is the most widely used and specific of these methods.
Previous studies have shown that serum homocysteine activates vascular smooth muscle proliferation and
decreases nitric oxide levels through inhibiting nitric oxide
synthetase enzyme.16-18 More recent epidemiological studies have shown an association between elevated homocysteine levels and increased thrombogenicity, oxidative
stress and endothelial dysfunction, thereby playing a role
in atherosclerotic plaque progression.19,20 These studies
have shown that homocysteine is an independent risk factor for CAD. Similar studies have shown an increased risk
of myocardial infarction in patients with hyperhomocysteinemia.21,22 Fu and colleagues also showed that hyperhomocysteinemia in elderly ACS patients was an important
predictor for both all-cause mortality and major adverse
cardiovascular events.23 Another study reported that increased plasma total homocysteine levels in STEMI patients increased the 30-day cardiovascular event rate.24
461

Acta Cardiol Sin 2018;34:458-463

Muhammed Karadeniz et al.

have been reported. This mechanism may explain the
relationship between high homocysteine levels and CAD
extent. Finally, serum homocysteine levels have been
positively associated with cardiac risk factors, which
contribute to atherosclerotic processes such as hypertension, diabetes, and metabolic syndrome.26 These diseases which are also associated with high homocysteine
levels may play a role in the pathogenesis of the increased
severity of CAD in hyperhomocysteinemic patients.
There are several limitations to this study. This was
a single-center study and did not have a control group.
In addition, there were fewer patients in group III. Homocysteine is not widely used as a marker, and we did
not have any data on long-term cardiovascular events.
Further prospective randomized studies on a larger scale
are needed to confirm these findings.
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In conclusion, serum homocysteine levels on admission were associated with an increased severity of CAD
in patients with ACS. It should be kept in mind that CAD
may be present in patients with high homocysteine levels. If there are accompanying risk factors, pre-intervention preparations should be made appropriately.
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