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Abstract

Objective: The deletion (D) allele of the angiotensin-converting enzyme (ACE) gene has been proposed as a genetic mark-
er of the risk of coronary artery disease (CAD). In this study we aimed to determine the relevance of ACE gene polymor-
phism for coronary artery disease in the South-Eastern Anatolian population.
Methods: Angiotensin converting enzyme genotypes were determined in 133 CAD patients who underwent coronary
angiography. Severity of CAD was subgrouped according to the number of stenotic vessels on coronary angiography. The
control group was selected from 154 healthy volunteers. Angiotensin converting enzyme genotypes were determined by
agarose gel sizing after polymerase chain reaction (PCR) amplification.
Results: Frequency of ACE DD genotype did not differ between patients with CAD and control subjects. However the
ACE II genotype in CAD group was significantly less frequent than in control group (p=0.02). The relative risks were 0.9
(95% CI=0.56-1.43) for the DD genotypes, and 2.2 (95% CI=1.09 – 4.11) for the II genotype. In the 2-vessel CAD sub-
groups, the II genotypes were significantly different from control group.
Conclusion: Our study did not confirm the possibility that the ACE DD genotypes may be associated with predisposition
to CAD in this certain population but there is a relationship between the least frequencies of the II genotype and CAD.
The II genotype seems to be an independent protective factor for CAD in the South-Eastern Anatolian population. (Ana-
dolu Kardiyol Derg 2004; 4: 45-51)
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Özet

Amaç: Anjiyotensin konverting enzim (ACE) delesyon (D) alelinin koroner arter hastal›¤› riski için genetik bir belirteç
oldu¤u ileri sürülmüfltür. Bu çal›flmada, Güneydo¤u Anadolu populasyonunda ACE gen polimorfizminin koroner arter
hastal›¤› ile olan iliflkisinin belirlenmesi amaçlanm›flt›r. 
Yöntem: Koroner anjiyografileri yap›lm›fl olan 133 koroner arter hastas›nda ACE genotipleri incelenmifltir. Koroner arter
hastal›¤› ciddiyeti koroner anjiyografide stenotik damar say›s›na göre grupland›r›lm›flt›r. Kontrol grubu 154 sa¤l›kl› gönül-
lüden oluflturulmufltur. Anjiyotensin konverting enzim genotipleri agaroz jel boyutlama ve polimeraz zincir reaksiyonu
amplifikasyonu yöntemiyle incelenmifltir.
Bulgular: Anjiyotensin konverting enzim DD genotip s›kl›¤› koroner arter hastalar› ve kontrol grubu aras›nda farkl› bulun-
mad›. Bununla beraber, koroner arter hastalar› grubunda ACE II genotipi kontrol grubuna göre anlaml› olarak daha az
s›kl›ktayd› (p=0.02). Rölatif risk DD genotipi için 0.9 (95% CI=0.56-1.43) ve II genotipi için 2.2 (95% CI=1.09 – 4.11) olarak
saptand›. ‹ki koroner damar hastas› grubunda II genotipi kontrol grubundan anlaml› olarak farkl›yd›.
Sonuçlar: Çal›flmam›z ACE DD genotipinin koroner arter hastal›¤›na yatk›nl›k sa¤layabilece¤i ile ilgili düflünceyi destekle-
memifltir, ancak ACE II genotipinin az s›kl›¤› ile koroner arter hastal›¤› aras›nda anlaml› iliflki saptanm›flt›r. Güneydo¤u
Anadolu hastalar›nda ACE II genotipi koroner arter hastal›¤› için ba¤›ms›z bir koruyucu faktör olarak gözükmektedir. (Ana-
dolu Kardiyol Derg 2004; 4: 45-51)
Anahtar Kelimeler: ACE gen polimorfizmi, koroner arter hastal›¤›, Güneydo¤u Anadolu
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Introduction

The genetic factors that contribute to the deve-
lopment of coronary artery disease (CAD) are poorly
understood. It is likely that multiple genes that act in-
dependently or synergistically contribute to the deve-
lopment of CAD and the outcome. Probably, the
most intensively studied one has been the angioten-
sin-converting enzyme (ACE) gene, and more specifi-
cally the insertion/deletion polymorphism. The role
of renin-angiotensin system polymorphisms as risk
factors for coronary heart disease (CHD) is controver-
sial.

The ACE gene, located at 17q23 (1), contains a
polymorphism in intron 16 resulting in the 3 genoty-
pes of insertion/insertion (II), insertion/deletion (ID),
and deletion/deletion (DD) (2). An insertion/deletion
(I/D) polymorphism of the ACE gene has been pro-
posed as a genetic marker of risk of coronary heart
disease (3). This polymorphism has been recognized
to be a major determinant of plasma ACE activity,
with the highest values found in subjects homozygo-
us for the D allele and the lowest in subjects homozy-
gous for the I allele; ID heterozygotes show interme-
diate values (4). Angiotensin converting enzyme con-
verts angiotensin I to the angiotensin II and inactiva-
tes bradykinin, two peptides that may play role in
the pathogenesis of myocardial ischaemia (5). It can
influence several important components of atherosc-
lerosis, such as endothelial vasomotor function (6),
smooth muscle cell migration and proliferation (7).
In addition, it has been suggested that angiotensin II
may directly influence the development of atheroma
by promoting the growth of vascular smooth musc-
le cells (5). Although some studies on the associati-
on between ACE genotypes and the risk of CAD ha-
ve provided controversial results (8,9), some well de-
signed studies revealed the importance of this mar-
ker. Ethnic features of the population may affect and
explain these controversial results (10). Thus it is still
possible that in subjects lacking other risk factors,
the D/I polymorphism may have a predictive role for
CAD in different ethnic region. 

Although there are a few studies about distribu-
tion of ACE gene polymorphism in the Middle and
Western part of Turkey (11,12) on correlation bet-
ween CAD and the DD genotypes, the distribution
and importance of the ACE gene polymorphism in
South-Eastern Anatolian populations is not known.
Because CAD is common and is associated with po-
tentially high mortality and morbidity, we thought it

is wortwhile to evaluate its potential relevance for
CAD in the South-Eastern Anatolian population. We
achived this objective by determining the distribution
of the ACE genotypes in the general healthy popula-
tion and comparing it with angiographically docu-
mented CAD patients.

Material and Methods

Study population: Our case-control study popu-
lation consisted of 133 CAD patients (93 men, 40
women) with ages ranging from 40 to 78 years (me-
an 60.3 ± 8.3 years) and 154 healthy subjects (73
women, 81 men) with ages ranging from 18 to 78
years (mean 40.4 ± 14.8 years). Angiotensin conver-
ting enzyme was identified in patients who under-
went coronary angiography between June 2002- De-
cember 2002 at the Department of Cardiology of
the Gaziantep University Faculty of Medicine. All pa-
tients signed an informed consent allowing genetic
analysis for cardiovascular research. All of them we-
re Turkish men and women living in the South-Eas-
tern Anatolia. Indication for coronary angiography
were stable angina in 70 patients (52% ), unstable
angina in 50 patients (37%), myocardial infarction
(MI) in 6 patients (4.5%) and miscellaneous causes in
the remaining 7 patients. With use of a standardized
questionnaire, the medical history of patients and
medications used at the time of the coronary angiog-
raphy were carefully recorded. Diabetes and hyper-
tension were determined as fast blood sugar measu-
rements of ≥140 mg/dl and blood pressure measu-
rements of ≥140/90 mmHg, respectively. Choleste-
rol, triglycerides, and high density lipoprotein (HDL-
C) concentrations were determined using an Olym-
pus AU800 automated analyser (Olympus Diagnosti-
ca GmbH, Hamburg, Germany) with Randox re-
agents according to the manufacturer’s instructions
(Randox Laboratories Ltd. Ardmore, UK). Low den-
sity lipoprotein (LDL-C) was estimated using the Fri-
edewald equation. Control groups consisted of sub-
jects free from CAD, based on physical examination,
history of cardiovascular disease and electrocardiog-
ram. The presence of hypertension, diabetes melli-
tus, smoking status were exclusion criteria from the
control group. 

Coronary angiography was performed using stan-
dard techniques. The severity of obstruction was es-
timated visually by two cardiologists and CAD was
defined as the presence of one or more stenoses
>50% in at least one major coronary vessel. The size
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of obstruction and number of diseased coronary ves-
sels were recorded.

Determination of ACE I/D polymorphism: Ge-
nomic DNA was extracted from leucocytes by stan-
dard methods from peripheral blood collected in tu-
bes containing EDTA (13). Angiotensin converting
enzyme (ACE) genotypes were classified as II, ID, DD.
Angiotensin converting enzyme gene I/D polymorp-
hism was determined by polymerase chain reaction
(PCR) using a primer pair flanking the polymorphic re-
gion of intron 16 that produces either an amplified
490 bp (I allele) or a 190 bp product (D allele), or
both. The reactions were performed according to the
method of Rigat et al. (14). The sense nucleotide pri-
mer was 5’-CTGGAGACCACTCCCATCCTTTCT-3’ and
the antisense primer was 5’-GATGTGGCCATCA-
CATTCGTCAGAT-3’. Polymesare chain reactions were
performed in 50 ml reaction volumes with 50 pmoles
each primer, 100 ng genomic DNA, 1.5 mmol/L of
MgCl2, 50 mmol/L of KCl, 10 mmol/L of Tris-HCl (pH
8.3), 200 ml/L for ach dNTP, and 2.5 U Amplitaq
DNA polymerase (Fermentas). Amplification was per-
formed as follows: initial denaturation at 95°C for 2
min followed by 30 cycles of denaturation at 95°C for
1 min, annealing at 60 °C for 2 min, and extension at
72° for 3 min. The PCR products were visualized by
electrophoresis in a 2 % agarose gel with ethidium
bromide and documented with a gel documentation
system (Vilber-Lourmar) (Figure 1). 

Statistical Analysis
Differences in the genotype distribution between

patients with CAD and control patients were tested
by the Chi-square test. Expected genotype frequenci-
es were derived by the Hardy-Weinberg equation

from single allele frequencies. The odds ratios for dif-
ferent association models were calculated with 95 %
confidence interval (CI) and p-values were calculated
with Fisher exact test. A value of P < 0.05 was consi-
dered as statistically significant. Calculations were
done by GraphPad InStat, version 3.05 programe..

Results

The baseline characteristics of the study groups
are presented in the Table 1. The age and gender
distributions of patients with CAD and controls we-
re not similar. To prevent affection of these bias on
our study we selected control patients as free of co-
ronary risk factors (smoking, hypertension, diabe-
tes). But despite we minimize these bias, age and
gender differences are remained to be the limitati-
ons of our study. Significant differences were noted
between study groups in respect of total choleste-
rol, triglycerides and HDL-C levels. All of them were
higher in the CAD group than in control group.
Descriptive statistics of the coronary angiography
study population are presented in Table 2. Coronary

47
Nacak et al.

Angiotensin Converting Enzyme Gene Polymorphism
Anadolu Kardiyol Derg
2004;4: 45-51

Figure 1. Sample of an Agarose gel. 

CAD group Control group
N= 133 N= 154 P 

Age 60.3 ± 8.34 40,4 ± 14.8 <0.05

Smoker - -

Diabetes 26.3 % -

Hypertension 8.2 % -

DM plus HT 4.5 % -

T.Cholesterol (mg/dl) 199.2  ± 4.3 174.6 ±4,5 < 0.001

Triglyceride (mg/dl) 198.2 ± 12.3 121 ± 1 <0.001

HDL-C (mg/dl) 38.5 ± 1.7 45.6 ± 1 <0.005

LDL-C (mg/dl) 115.1 ± 3.8 112 ± 5.2 NS

DM: diabetes mellitus, HDL-C: hig density lipoprotein cholesterol, HT: hypertension, LDL-C: low density lipoprotein cholesterol, NS: nonsignificant T: total

Table 1. Characteristics of the study groups



artery disease patients were grouped according to
the severity. Hypertension, diabetes and hypertensi-
on plus diabetes have a rate of 8.2%, 26.3% and
4.5% respectively in CAD group. The frequency of
the DD genotype in the hypertension, diabetes and
hypertension plus diabetes subgroups did not differ
significantly from that of the control group. No sig-
nificant differences between stable, unstable and MI
patients and controls were found for any of the in-
vestigated polymorphisms, neither in the distributi-
on of the genotypes nor in the allele frequency. No

significant difference was found in D and I allele fre-
quency between CAD and control groups (Table 2
B). And also no statistical differences in frequencies
of the DD genotypes were noted between two gro-
ups. But the prevalence of II genotype was signifi-
cantly lower than in control group (p=0,0195). The
relative risks were 0.9 (95% CI=0.56-1.43) for the
DD genotypes and 2.2 (95% CI=1.09 –4.11) for the
II genotype. In the 2-vessel CAD subgroups the II ge-
notypes were significantly least frequent than in
control group (Table 2 D).
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Genotype CAD n(%) Control n(%) Odds ratio(CL%) P

II 12 (9.0) 28 (18.2) 2.2 (1.09-4.11) 0.0195*

ID 68 (51.10) 69 (44.8) 0.8 (0.49-1.24) 0.1708

DD 53 (39.9) 57 (37.0) 0.9 (0.56-1.43) 0.3553

ACE: angiotensin converting enzyme, CAD: coronary artery disease

Table 2 A. Distribution of ACE gene genotypes in CAD and control group (overall)

Genotype 1 vessel n(%) Control n(%) Odds ratio(CL%) P

II 4 (11.8) 28 (18.2) 1.7 (0.54 – 5.11) 0.2582

ID 13 (38.2) 69 (44.8) 1.3 (0.61 – 2.81) 0.3057

DD 17 (50.0) 57 (37.0) 0.6 (0.28 - 1.24) 0.1133

ACE: angiotensin converting enzyme, CAD: coronary artery disease

Table 2 C. Comparison of the distribution of ACE gene genotypes in 1 vessel CAD group and control group

Genotype 2 vessel n(%) Control n(%) Odds ratio(CL%) P

II 2 (4.1) 28 (18.2) 5.2 (1.20 – 22.80) 0.0142*

ID 28 (57.1) 69 (44.8) 0.6 (0.32 - 1.17) 0.0898

DD 19 (38.8) 57 (37.0) 0.9 (0.48 - 1.80) 0.4790

ACE: angiotensin converting enzyme, CAD: coronary artery disease

Table 2 D. Comparison of the distribution of ACE gene genotypes in 2 vessel CAD group and control group

Genotype 3 vessel n(%) Control n(%) Odds ratio(CL%) P

II 6 (12.0) 28 (18.2) 1.6 (0.63 – 5.00) 0.2116

ID 27 (54.0) 69 (44.8) 0.7 (0.36 - 1.31) 0.1663

DD 17 (34.0) 57 (37.0) 1.1 (0.58 - 2.23) 0.4146

ACE: angiotensin converting enzyme, CAD: coronary artery disease

Table 2 E. Comparison of the distribution of ACE gene genotypes in 3 vessel CAD group and control group

Allele CAD n(%) Contol n(%) Odds ratio(CL%) P

I 92 (34.9) 125 (40.6) 1.3 (0.92-1.82) 0.820

D 174 (65.4) 183 (59.4) 0.8 (0.56-1.09) 0.820

ACE: angiotensin converting enzyme, CAD: coronary artery disease

Table 2 B. D and I allele frequency in CAD and control group



Discussion

Cardiovascular disease is the major cause of mor-
bidity and mortality in Westernised societies. It is
well known that the etiology of this devastating di-
sorder involves both genetic and environmental fac-
tors. Sequence variants of the components of the re-
nin-angiotensin-aldosterone system and the kallikre-
in-kinin system are suggested to have significant inf-
luences on cardiovascular homeostasis. Thus, the
ACE gene has been recognized as a top candidate
gene for cardiovascular research. While a number of
studies have implicated the role of the ACE poly-
morphism in cardiac disorders, such as myocardial in-
farction (3, 15-17), CAD (18, 19), left ventricular
hypertrophy (20, 21) and hypertension (22) others
have argued that it may be associated with increase
in plasma ACE activity without being a risk factor for
coronary heart disease (9, 23, 24). These inconsis-
tent results may depend on the gender differences
and ethnic traits of the individual populations (10,
25-27). 

Two studies those have been performed in Tur-
kish population including Middle and Western part
of Turkey, reported significant association of ACE ge-
ne DD polymorphism and CAD (11, 12). In this study,
we analyzed the association between polymorphism
in the ACE gene and CAD relation in South-Eastern
Anatolian individuals. Age and gender had no signi-
ficant effects on the frequencies of the three studied
polymorphisms. No significant difference in gene
polymorphism was observed between hypertension
and diabetes subgroups in the CAD group.

When interpreting these results possible sources
of bias should be considered. It is well known that
angiography is only a crude measure of the presen-
ce or absence of coronary atherosclerosis. Thus, to li-
mit selection bias, we compared patients with mar-
ked differences in the degree of coronary stenosis.
However differences in age between patient and
control groups limit interpretation of the results of
our study. Thus, we can not exclude development of
CAD in our control group in the future despite we se-
lect control group as free of coronary risk factors.
This bias may be accepted as a limitation of our
study.

The mechanism by which the ACE I/D genotype
may predispose an individual to the development of
CAD remains unclear. Angiotensin converting enzy-
me is responsible for the conversion of angiotensin
I to the angiotensin II. Angiotensin II has been imp-

licated in the pathogenesis of atherosclerosis thro-
ugh induction of hyperplasia and hypertrophy of
smooth muscle cells and increased expression of
platelet-derived growth factor and protooncogenes
(7, 28). Angiotensin converting enzyme inhibitors
are reported to provide a protective effect in ani-
mals on a long-term atherogenic diet, possibly beca-
use of reducing angiotensin II level (29-31). Associ-
ation of the DD genotypes of the ACE gene and
CAD has been reported (3,16). However, these re-
ports have been challenged by series of negative
studies (9, 32, 33). In our study, there was no signi-
ficant increase in the frequency of the DD genotype
in CAD patients. The II genotypes have been associ-
ated with low plasma levels of ACE and in our study
we found least frequently II genotypes in CAD gro-
up that support and confirm indirectly the relations-
hip of angiotensin II and atherosclerosis (34). This
distribution pattern differs slightly from that of re-
ported in the meta-analysis by Samani et al (19). Ho-
wever, these reports have been challenged by seri-
es of negative studies (9, 23, 24, 32, 33). The incon-
sistency of these results may have several explanati-
ons, including differences in the study populations
or the failure to separate accurately cases from
controls and widely different ethnic group. In addi-
tion, differences in the wide range risk status bet-
ween the patient series could influence the effect of
ACE gene polymorphism on the prediction of clini-
cal manifestation of CAD. Although it’s precursors
may be genetically determined, CAD event rates
and population differences apear to be largely de-
termined by environment and lifestyle (35). Some
studies have suggested that ACE polymorphism
may be relevant for those factors that predispose
individuals to development atherosclerosis, rather
than being a direct cause of CAD itself. Further ef-
forts should be made to elucidate the specific natu-
re of these genotype/phenotype interactions. Ove-
rall, since ACE I/D is only an intronic marker, the
true locus that controls the ACE enzyme activity re-
mains to be identified, and could be located within
either the ACE gene (36-39) or another nearby ge-
ne such as the human growth hormone gene. We
note that the II genotype of the angiotensin conver-
ting enzyme may protect against or delays the on-
set of atherosclerosis (40) and since associations
tend to vary across different gender (25) or ethnic
groups (26, 27), or across different socio-ecological
settings, consideration of potential gene-gene and
gene-environment interactions should be made.
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Conclusion

Our study does not confirm the possibility that the
DD genotypes may be associated with predisposition
to CAD in certain population. We found II genotypes
with least frequencies in our CAD group. The II ge-
notypes may have protective effect because of its a
marker of low angiotensin II level. The II genotype se-
emed to be an independent protective factor for CAD
in the South-Eastern Anatolian population. However,
further investigation of protective role of the genoty-
pe II for atherosclerosis may be indicated.
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