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ABSTRACT. Coronary artery disease (CAD) is a multifactorial disease
influenced by genetic and environmental factors. Major risk factors of CAD
are hypertension, hyperlipidemia, smoking, family history and obesity.
Also polymorphisms in the angiotensin-I converting enzyme (ACE) gene
can associate with CAD. The relationship between ACE polymorphisms
and other risk factors is not well understood in CAD, likely due to the
complex interrelation of genetic and environmental risk factors. The aim
of this study was to investigate the associations of CAD risk factors and
ACE polymorphisms in patients with CAD. We enrolled 203 consecutive
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patients and 140 healthy subjects in the study. The severity of CAD was
evaluated according to the number of vessels with significant stenosis.
ACE insertion (I)/deletion (D) genotype was determined by PCR. The
frequency of the DD genotype was significantly higher in patients. D
allele frequency was higher among CAD subjects when compared to the
control group. The number of stenotic vessels were found to be statistically
associated with a high frequency of DD polymorphism and D allele and
a low frequency of I allele in patients, especially in male patients. The
control group displayed II and ID genotypes more frequently than did the
patients. The ACE 1/D genotype was associated with hyperlipidemia and
smoking history. We consider that the DD polymorphism and D allele may
affect the severity of CAD, while I allele may have a protective effect. In
conclusion, the ACE 1/D genotype may interact with conventional risk
criteria in determining the risk of CAD.

Key words: Multifactorial disease; Hyperlipidemia; Obesity;
Smoking; Angiotensin-I coverting enzyme

INTRODUCTION

Coronary artery disease (CAD) is the most prevalent cause of morbidity and mortality
worldwide. It is a multifactorial disease, which is influenced by genetic and environmental
factors (Settin et al., 2009). The major risk factors of CAD are age, male gender, hypertension,
diabetes mellitus, hyperlipidemia, smoking, family history of CAD and obesity. In addition to
standard risk criteria, genetic factors add further information in predicting CAD (Erbs et al.,
2006). The relationship between genetic risk factors and the development of CAD is not well
understood, likely due to the complex interrelation of genetic and environmental risk factors.
Recent evidence indicates that major cardiovascular risk factors influence renin-angiotensin
system (RAS) function, including an increased synthesis of the angiotensin-I converting en-
zyme (ACE) (Li et al., 2003). RAS is one of the major regulatory systems of the cardiovascu-
lar physiology. It includes cardiovascular remodeling, sodium homeostasis, and maintenance
of vascular tone (Pfohl et al., 1999). RAS play an important role in cell growth and in the
repair of damaged arterial walls; thus it was suggested that ACE might be a candidate gene
affecting the progression of CAD. Elevated levels of ACE expedite the conversion of angio-
tensin I to angiotensin II. Then, aldosterone is released from the adrenal cortex to stimulate the
kidney tubules and initiate the reabsorption of sodium and water from urine. To compensate
for volume loss, angiotensin II stimulates an increase in the amount of fluids in the blood, thus
increasing blood pressure. In addition, angiotensin Il may play a role in inducing endothelial
dysfunction by reducing the bioavailability of nitric oxide. ACE is also an important factor in
the degradation of bradykinin (Sayed-Tabatabaei et al., 2006).

The ACE gene is located on chromosome 17g23. It spans 21 kb, and comprises 26
exons and 25 introns (Hubert et al., 1991). It contains a polymorphism due to an insertion (I) or
a deletion (D) of a 287 base pair (bp) alu sequence in intron 16, resulting in the 3 genotypes of
insertion/insertion (1), insertion/deletion (ID), and deletion/deletion (DD). (Hubert et al., 1991;
Rigat et al., 1992; Nacak et al., 2004). The I/D polymorphism is associated with circulating and
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tissue ACE levels. Individuals homozygous for the D allele had higher tissue and plasma ACE
concentrations than heterozygotes and Il homozygotes (Costerousse et.al., 1993). ACE poly-
morphism has attracted a great deal of information as a potential cause of genetic variation in
cardiovascular physiological function (Eleni et al., 2008). Consequently, the ACE /D polymor-
phism has been associated with various cardiovascular diseases, such as atherosclerosis (Pfohl,
et al., 1998), hypertension (Abbud et al., 1998), and CAD (Gardemann et al., 1998). ACE, as a
candidate gene, can associate with traditional risk factors in predicting the severity of CAD.

MATERIAL AND METHODS
Study population

Patients were selected consecutively from a tertiary care hospital from 2007-2009.
Subjects were referred for coronary angiography as a result of various clinical indications.
Physical examination was performed on and a detailed family history was obtained for all
subjects. The severity of CAD was evaluated according to the number of stenotic vessels
on coronary angiography. The coronary angiography findings were reviewed by independent
operators. The experimental protocol was approved by the Ethical Committee of the Marmara
University, the study procedures were in accordance with the principles of the Declaration of
Helsinki II, and all subjects provided written informed consent prior to enrollment.

Information about the conventional risk factors for CAD (1. hyperlipidemia, 2. hyperten-
sion, 3. diabetes mellitus, 4. family history of CAD, 5. smoking, 6. obesity) were obtained from
all subjects. Definitions of cardiovascular risk factors were adopted from Graham et al. (2007).
Hyperlipidemia is defined based on low (>100 mg/dL for subjects with CAD) and/or high-density
lipoprotein cholesterol (<40 mg/dL for men and <50 mg/dL for women) and triglyceride levels
(>150 mg/dL), or prior requirement of lipid lowering medications. As our study included patients
with clinically established atherosclerosis and they were all referred to coronary angiography for
clinical indications, total cholesterol >200 mg/dL, low density lipoprotein cholesterol >100 mg/
dL, triglycerides >150 mg/dL, and low high density lipoprotein cholesterol (<40 mg/dL for men
and <50 mg/dL for women) were defined as components of hyperlipidemia.

Hypertension is defined as blood pressure level above 140/90 on 3 different occasions
or requirement of pharmacological intervention to lower blood pressure. Diabetes mellitus is
defined as fasting venous blood glucose >126 mg/dL on 3 separate occasions or requirement
of pharmacological intervention for diabetes mellitus. Family history of CAD was defined as
having a first degree relative with established CAD before age 50, or before menopause. Ciga-
rette smoking was assessed by asking participants about prior and current history of smoking
habits. Body mass index (BMI) was calculated as weight (kg)/height (m?). Overweight or obe-
sity were defined based on the BMI levels (>25-29.9 and >30 kg/m?respectively), as outlined
in Graham et al. (2007) and Expert Panel on Detection, Evaluation and Treatment of High
Blood Cholesterol in Adults (2001). CAD was defined as a documented coronary obstruc-
tion of at least 70% by quantitative coronary angiography in one or more major (more than 2
mm in diameter by quantitative coronary angiography) coronary arteries. Enrolled cases were
stratified into groups according to the number of diseased vessels (coronary obstruction of
at least 70%) as determined by the number of diseased major coronary arteries (left anterior
descending, left circumflex, and right coronary artery) including their major branches (more
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than 2 mm in diameter). Patients were grouped into 0, 1, 2, 3, or 4 vessel disease groups. Pa-
tients without significant coronary obstruction by coronary angiography (less than 30%) were
selected as controls.

ACE genotyping

Genomic DNAs of 203 cases and 140 controls were isolated from peripheral blood
leukocytes using the High Pure PCR Template Preparation Kit (Roche, Germany) according
to manufacturer protocol and stored at -20°C until amplification.

ACE genotypes were determined by PCR amplification of genomic DNA with sense
primer 5'-CTGGAGACCACTCCCATCCTTTCT-3' and antisense primer 5'-GATGTGGCCA
TCACATTCGTCAGT-3". The final volume of the PCR mixture was 50 pL and contained 50-
100 ng genomic DNA, 1 mM of each primer, 50 mM KCI, 1 mM dNTP, 1.5 mM MgCl,, 10
mM Tris-HCI, pH 8.0, and 1U 7ag DNA polymerase. After initial denaturation at 94°C for 5
min, annealing at 58°C for 1 min, and extension at 72°C for 2 min, DNA was amplified by 30
cycles: denaturation at 94°C for 1 min, annealing at 58°C for 1 min, and extension at 72°C
for 2 min, followed by a final elongation at 94°C for 1 min, annealing at 58°C for 1 min, and
extension at 72°C for 7 min. PCR products were separated by electrophoresis on a 2% agarose
gel and visualized under ultraviolet light after ethidium bromide staining. The PCR product
is a 190-bp fragment in the presence of a deletion (D) allele, and a 490-bp fragment in the
absence of a deletion (I) allele. So after electrophoresis, each DNA sample revealed one of
three possible patterns: a 490-bp band (II genotype), a 190-bp band (DD genotype), or both
490- and 190-bp bands (I/D genotype).

Statistical analysis

Statistical analysis was performed using SPSS-18.0 (Statistical Package of Social Sci-
ence version 18.0). Allele frequencies were deduced from genotype frequencies. The differ-
ences in allele and genotype frequencies between the groups were evaluated by chi-square
test. This test was also used to compare categorical variables between the groups (i.e. conven-
tional CAD risk factors). The relationship between the severity of the disease (according to the
number of diseased vessels) and genotype distributions were first tested by the Kruskal-Wallis
test. Then, the Mann-Whitney U-test was used for significant parameters to determine which
one of the genotypes causes this significance. In addition, odd ratios were calculated to show
the effect of the risk factor for all statistically significant parameters.

RESULTS

Two hundred and three consecutive patients (ages 51.9 = 12.6 for women and 54.1 + 9.2
for men) were enrolled in the study after the coronary angiography findings were reviewed. All
subjects had severe CAD (>70%) in at least 1 major coronary artery. The control group consisted
of 140 individuals who had no significant coronary obstruction by coronary angiography (ages
42.3 +13.1 for men, 49.5 + 8.5 for women). The indications for coronary angiography included
acute coronary syndromes (i.e. acute myocardial infarction, unstable angina) and/or positive
functional study (i.e. exercise treadmill or myocardial perfusion scintigraphy).
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Conventional cardiovascular risk criteria (hyperlipidemia, obesity, diabetes mellitus,
smoking and male gender) were observed more commonly among CAD subjects than in the
control group. Information about the prevalence of conventional CAD risk factors in the pa-
tient and control groups is listed in Table 1.

Table 1. Prevalence of conventional coronary artery disease (CAD) risk factors in patients and controls.

Risk factors Frequencies (%) P values
Patient group (N =203) Control group (N = 140)
Dyslipidemia 90 (43.9%) 33 (23.6%) 0.000*
Hypertension 99 (48.3%) 67 (47.9%) 0.913
Diabetes mellitus 51 (24.9%) 18 (12.9%) 0.006*
Family history 77 (37.6%) 47 (33.6%) 0.426
Smoking 90 (43.9%) 40 (28.6%) 0.003*
Gender
Females 68 (33.2%) 62 (44.3%) 0.000*
Males 137 (66.8%) 78 (55.7%)
Obesity 16 (7.8%) 0 (0%) 0.000*

*P < 0.05, P values based on chi-square test.

Agarose gel images of ACE polymorphisms are shown in Figure 1. When patient and
control group genotypes were compared with each other, the DD genotype frequency was
found to be statistically higher in patients than in controls. Also the II and ID polymorphisms
were observed to be statistically lower in controls than in patients (P = 0.036, OR: 1.8, 95%CI
=1.14-2.8). The genotype frequencies of the patient and control groups are reported in Table 2.
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Figure 1. Agarose gel images of ACE polymorphisms.

Table 2. Genotype frequencies of patient and control groups.

Groups Genotype frequencies (%) P value
11 ID DD

Patient group (N = 203) 38 (18.5%) 81 (39.5%) 86 (42%) 0.036*

Control group (N = 140) 35 (25%) 65 (46.4%) 40 (28.6%)

*P < 0.05, P values based on chi-square test
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We compared the patient and control group allele frequencies with each other and
found that D allele frequency was statistically significantly higher in patients than in controls
(P=0.02, OR: 1.44, 95%CI = 1.058-1.962). Allele frequencies of patient and control groups
are shown in Table 3.

Table 3. Allele frequencies of patient and control groups.

Groups Allele frequencies (%) P value
I D

Patient group (N = 203) 157 (39.3%) 243 (60.8%) 0.02*

Control group (N = 140) 135 (48.2%) 145 (51.8%)

*P <0 .05, P values based on chi-square test.

ID polymorphism was found to be statistically significant in patients who have hy-
perlipidemia (P = 0.009, OR: 2.42, 95%CI = 1.36-4.32) and smoking habits (P = 0.004, OR:
2.42, 95%CI = 1.36-4.32) when the genotype frequencies were compared with CAD risk fac-
tors. Genotype frequencies of patient and control groups according to different risk factors are
shown in Table 4.

Table 4. Genotype frequencies of patient and control groups according to different risk factors.

Risk factors Patients (N =203) P values Controls (N = 140) P values
Genotype frequencies (%) Genotype frequencies (%)
11 ID DD 11 1D DD

Hyperlipidemia 13 (14.4%) 46 (51.1%) 31 (34.4%) 0.009* 4 (12.1%) 16 (48.5%) 13 (39.4%)  0.097
Hypertension 19 (19.2%) 44 (44.4%) 36 (36.4%) 0.264 13 (20%) 34 (52.3%) 18 (27.7%)  0.607
Diabetes 11 (21.6%) 20 (39.2%) 20 (39.2%) 0.814 2 (11.1%) 10 (55.6%) 6(33.3%) 0.345
Family history 12 (15.6%) 34 (44.2%) 31 (40.3%) 0.487 9 (20%) 21 (46.7%) 15(33.3%) 0.821
Smoking 10 (11.1%) 46 (51.1%) 34 (37.8%) 0.004* 11 (27.5%) 19 (47.5%) 10 (25.0%) 0.817
Gender

Females 16 (23.5%) 23 (33.8%) 29 (42.6%) 0.331 12 (20.7%) 29 (50%) 17 (29.3%)  0.959

Males 22 (16.1%) 58 (42.3%) 57 (41.6%) 17 (22.4%) 36 (47.4%)  23(30.3%)
Obesity 4 (25%) 9 (56.3%) 3(18.8%) 0.341 0 (0%) 0 (0%) 0 (0%) -

*P < 0.05, P values based on chi-square test.

The number of diseased vessels was compared between genotypes in patients, and the
DD genotype was associated with a higher number of diseased vessels when compared to the
II genotype (P =0.011, OR: 1.45, 95%CI = 1.046-2.019). The mean values of the number of
diseased vessels in patients are shown in Table 5.

Table 5. Mean values of number of diseased vessels in patients.

Patients (N = 203) Mean values of number of diseased vessels + standard deviation P value
il D DD

Whole patients 1.86 +0.99 2.32+0.88 2.46 +0.82 0.011*

Male patients 1.71 £ 0.96 2.49+0.85 2.67+0.7 0.001*

Female patients 2.07+1.03 1.91+0.85 2.07+0.9 0.29

*P < 0.05, P values based on Kruskal-Wallis test.
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When the number of diseased vessels were compared according to the allele frequen-
cies, the D allele was associated with a higher number of diseased vessels than was the I allele
(P=0.002, OR: 1.96, 95%CI = 1.28-2.98), and the I allele was found to be statistically low in
patients (P =10.026, OR: 0.69, 95%CI = 0.49-0.96). The mean values of the number of diseased
vessels in the I allele and the D allele were found to be 2.39 + 0.85 (P=0.043) and 2.17 + 0.94
(P = 0.005), respectively. The genotype distributions of patients according to the severity of
disease (according to the number of stenotic vessels) are shown in Figure 2.

35 4

*P =0.008 I

25

15 4

MEAN NUMBER OF DISEASED VESSELS

05 -

1} ID DD
GENOTYPE DISTRIBUTIONS

Figure 2. Genotype distributions of patients according to the severity of disease. *P < 0.05, P value based on Mann-
Whitney U test.

When the number of diseased vessels was compared between genotypes in male pa-
tients, the DD and ID genotypes were associated with a statistically higher number of diseased
vessels than the II genotype (P =0.001, OR: 1.76, 95%CI = 1.13-2.74). When the number of
diseased vessels was compared according to the allele frequencies, the D allele was associated
with a higher number of diseased vessels (P = 0.000, OR: 3.28, 95%CI = 1.79-5.99) and the |
allele was associated with a statistically lower number of diseased vessels in male patients (P
=0.012, OR: 0.57, 95%CI = 0.36-0.88). The mean values of the number of diseased vessels
in the D allele and the I allele were found to be 2.58 + 0.78 (P = 0.000) and 2.27 + 0.94 (P =
0.019) respectively. The genotype distributions of male patients according to the severity of
disease are reported in Figure 3.
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Figure 3. Genotype distributions of male patients according to the severity of disease. ¥*P < 0.05, P values based
on Mann-Whitney U test.

DISCUSSION

CAD is a polygenic disease. The onset and severity of CAD depends on the interac-
tion of many genetic and environmental factors. A genetic variation in the gene encoding ACE
affects circulating ACE levels. The DD, ID and II genotypes are associated with high, inter-
mediate and low levels of circulating ACE, respectively (Cambien et al., 1994). Our study
displays that the ACE (I/D) polymorphism interacts with standard CAD risk fac-
tors among male patients in determining the severity of the CAD. The relationship
between CAD and ACE gene polymorphism (DD genotype) was first reported by Cambien
et al. (1994). Since then, many other studies have investigated the relationship between the
ACE 1/D gene polymorphism and CAD. Although Gardemann et al. (1998) showed a strong
association between the ACE D allele and the risk of CAD, other studies have failed to show
a similar association (Ferrieres et al., 1999; Canavy et al., 2000). Carriers of the D allele of
ACE 1/D polymorphism cause elevated serum and cardiac ACE activity and, therefore, may be
exposed to higher angiotensin II levels than those with the I allele. Individuals who have the
DD genotype are found to have high serum ACE levels. Association studies investigated the
role of the ACE 1/D polymorphism and the D allele as a genetic predictor of CAD (Mattu et al.,
1995; Istrati et al., 2006), myocardial infarction (Seckin et al., 2006), left ventricular hypertro-
phy (van Berlo and Pinto, 2003) and hypertension (Harrap et al., 1993). Beohar et al. (1995)
considered that the ACE D allele and DD genotype were the major risk factors for CAD. Eth-
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nic differences can explain the disparity between prior clinical studies. Our results show that
the ACE D allele frequency (P =0.02, OR: 1.44, 95%CI = 1.058-1.962) and DD genotype (P =
0.036, OR: 1.8, 95%CI = 1.14-2.8) are significantly more prevalent among CAD patients than
in controls. Our findings are also consistent with previous studies. Niemiec et al. (2007) found
that the frequency of the DD genotype was significantly higher in patients than in controls (P
=0.01, OR: 1.88, 95%CI = 1.13-3.15). Acartiirk et al. (2005) found that in patients with CAD,
the frequency of the DD genotype was higher compared to the controls (P = 0.04, OR: 1.6,
95%CI = 1.0-2.5). The number of D allele-carrying subjects was also higher (P = 0.01, OR:
1.48, 95%CI = 1.01-2.18) in CAD patients. In conclusion, they consider that the I/D polymor-
phism of the ACE gene (carrying D allele) is an independent risk factor for CAD in the studied
Turkish population (Acartiirk et al., 2005). Raygani et al. found that the frequency of the ACE
D allele was significantly higher in CAD patients than in controls; the percentage frequency
of ACE D allele in CAD subjects was 62.6 compared to 48.1 in controls (Vaisi-Raygani et
al., 2010). The D allele frequencies reported in this study were similar to our findings. In our
study, the percentage of D allele in the control group and the patient group were found to be
51.8 and 60.8 respectively. Raygani et al. also found that the ACE D allele increases the risk
of CAD in individuals younger than 55 years old by 1.35-fold (Vaisi-Raygani et al., 2010). We
found a 1.44-fold increase of D allele prevalence in patients who are younger than 55 years
old. These results are also consistent with other studies performed in Spain (Alvarez et al.,
1998) and Japan (Hoshida et al., 2001), demonstrating that the ACE D allele increases the risk
for premature CAD in patients younger than 55 years old.

Although ACE levels are affected by the ACE genotype, ACE 1/D polymorphism ac-
counts for 20-50% of the difference in plasma ACE levels, therefore 50-80% of the variation
results from other factors (Cambien et al., 1994). Traditional risk factors for CAD, like ciga-
rette smoking, hyperlipidemia, hypertension, diabetes mellitus, family history of CAD, and
obesity influence the RAS by increasing the synthesis of ACE. Higher levels of ACE increase
vasoconstriction, which may result in an increased risk for CAD.

Hyperlipidemia, which is one of the major risk factors of CAD, increases the plasma
concentration of angiotensinogen and the angiotensin peptides (angiotensins II and III), and
upregulates the expression of the angiotensin II type 1 receptor (AT1R) gene (Niemiec et al.,
2007). Although the positive relationship between the DD genotype, the D allele frequency
and hyperlipidemia was demonstrated by prior studies (Suzuki et al., 1996; Lee and Tsai,
2002). Many studies did not find an association among the three genotypes (I, ID, and DD)
(Kogawa et al., 1997; Vargas-Alarcon et al., 2006). Oren et al. (1999) reported LDL choles-
terol levels were lowest in II patients, intermediate in ID patients and higher in DD patients.
The high frequency of the ID genotype in hyperlipidemic patients was demonstrated by Lee
and Tsai et al. (2002). In our study, we observed a potential association between the ID geno-
type and hyperlipidemia (P = 0.009, OR: 2.42, 95%CI = 1.36-4.32).

Cigarette smoking is another risk factor for CAD, and is particularly common in Turkish
subjects. Previously, it was demonstrated that nicotine increased 4CE expression, resulting in an
increase of the plasma and tissue activity of angiotensin (Zhang et al., 2001). The D allele has
been associated with endothelial dysfunction, especially in smokers (Butler et al., 1999). Both
smoking and the D allele have been associated with increased levels of angiotensin I, which
have been shown to increase the formation of superoxide anions and the degradation of nitric
oxide, causing endothelial dysfunction (Drexler and Hornig, 1999). As a result, it was considered
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that smoking impairs protective antioxidant mechanisms and changes the expression of ACE
(Zhang et al., 2001). In our study, patients of the ID genotype with a smoking history were found
to have an increased risk of CAD (P = 0.004, OR: 2.42, 95%CI = 1.36-4.32). Therefore, there
may be an association between the ID genotype, hyperlipidemia and cigarette smoking.

Previously, it was demonstrated that angiotensin II is produced primarily by ACE
within atherosclerotic lesions, and that the ACE level in plaques correlates with the severity
of vessel wall damage (Niemiec et al., 2008). Therefore, we also investigated the possible
association of ACE gene polymorphisms with the severity of CAD, estimated on the basis of
the number of severe (>70%) coronary stenoses by coronary angiography. We observed an
association between the D allele and the severity of CAD among male patients. Although our
results are consistent with previous studies (Nakai et al., 1994; Niemiec et al., 2008), there are
studies that did not find any association between A CE polymorphisms and the severity of CAD
(Foy et al., 1997; Ferrieres, et al., 1999). Nakai et al. (1994) found that the DD polymorphism
was more closely associated with CAD than the other two genotypes (ID and II) in patients.
The frequency of D alleles was higher (0.58) in the CAD group than in healthy control sub-
jects (0.42) (P < 0.05). Furthermore, multi-vessel disease was more strongly associated with
D alleles than with I alleles (P < 0.05) (Nakai et al., 1994). Niemiec et al. (2008) found that
the frequencies of the DD genotype and the D allele increased with the number of stenoses in
coronary vessels. Therefore, we consider that ACE polymorphisms may influence individual
differences in the severity of CAD; the DD genotype and D allele may promote the genera-
tion of numerous and critical atherosclerotic lesions. Therefore, the severity of CAD may be
related to the DD genotype and the D allele of ACE among patients and male patients. Further
studies are needed to confirm our findings.

Further investigations are required to elucidate the increased frequency of the DD
genotype and D allele of CAD patients, to discover the effects of risk factors on the onset of
CAD, and to understand the mechanism behind the suggested protective role of the I allele
against CAD.
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