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The Relationship Between Angiotensin Converting 
Enzyme Gene Polymorphism, Coronary Artery Disease, 

and Stent Restenosis
The Role of Angiotensin Converting Enzyme Inhibitors in Stent Restenosis 

in Patients With Diabetes Mellitus

Sema GUNERI,1 FESC, Nezihi BARIS,1 MD, Deniz AYTEKIN,1 MD,
Bahri AKDENIZ,1 MD, Nihat PEKEL,1 MD, and Volkan BOZDEMIR,1 MD

SUMMARY

Patients with diabetes mellitus (DM) have advanced atherosclerosis compared with
nondiabetics. Restenosis after intracoronary stent implantation occurs frequently in dia-
betic patients. Angiotensin II is an important growth factor for the development of neoin-
timal hyperplasia after vascular injury. The aim of our study was to evaluate the
relationships between angiotensin converting enzyme (ACE) gene insertion/deletion (I/D)
polymorphism and coronary artery disease (CAD) and stent restonosis in diabetic patients.

One hundred and thirty consecutive patients with CAD and 47 consecutive patients
(14 males, mean age, 58.0 ± 10.0) without CAD were enrolled in the study. All patients
had type 2 (noninsulin dependent) DM. The patients with CAD underwent percutaneous
transluminal coronary angioplasty (PTCA) and stenting. Ninety-four (59 males, mean age,
60.3 ± 9.8) underwent control coronary angiography at the end of the follow-up period
(mean duration, 9.1 ± 2.9 months). ACE gene I/D genotyping was identified in all
patients.

No significant difference was found among patients with and without CAD with
respect to ACE gene I/D polymorphism (P = 0.460). In the control coronary angiography,
stent restenosis and new lesion development were comparable in each genotyping sub-
group. However, a significant relationship was observed between restenosis and the use
of ACE inhibitors (ACEI) in patients with D allele (ACEI ratio, 43.5% in the restenosis
group and 56.5% in non-restenotic group, P < 0.05).

We did not find any relationship between ACE gene I/D polymorphism and CAD and
stent restenosis and new lesion development in diabetic patients. On the other hand, ACEI
treatment may reduce stent restenosis in type 2 diabetic patients with D allele (DD or ID).  
(Int Heart J 2005; 46: 889-897)
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PATIENTS with diabetes mellitus (DM) commonly possess a cluster of coronary
risk factors which explains the more advanced atherosclerosis commonly found
in these patients compared with patients without DM. Consequently, in many
centers, as many as 20% of patients undergoing a percutaneous coronary inter-
vention have DM.1) DM has been repeatedly identified as an independent predic-
tor of restenosis after both percutaneous transluminal coronary angioplasty
(PTCA)2,3) and coronary stenting.4,5) In-stent restenosis (ISR) occurs after treat-
ment of coronary artery stenosis in 12% to 32% of coronary interventions with
stents.6) Restenosis after intracoronary stent implantation occurs more frequently
in diabetic than in nondiabetic patients.7) 

Angiotensin converting enzyme (ACE) stimulates smooth muscle cell pro-
liferation,8) and the plasma concentration of ACE is partly controlled by an inser-
tion/deletion (I/D) polymorphism in the ACE gene on chromosome 17.9) The I/D
polymorphism is characterized by the presence (insertion) or absence (deletion)
of a 288-base pair alu repeat sequence within intron 16 on chromosome 17, which
results in the following 3 genotypes: II and DD homozygotes and ID heterozy-
gotes. Elevated levels of angiotensin II have been implicated in the development
of neointimal hyperplasia after vascular injury.10) The DD genotype of the ACE
gene is associated with higher angiotensin II levels,9,11) suggesting that carriers of
the DD genotype might benefit from treatment with ACE inhibitors (ACEI) after
stent placement in coronary arteries. Recently, the HOPE and EUROPA trials
demonstrated that ACEI reduce the clinical outcomes of atherosclerosis.12,13) 

The aim of the present study was to evaluate the relationship between ACE
gene I/D polymorphism and coronary artery disease (CAD) in diabetic patients.
The second aim was to evaluate the influence of ACE gene I/D polymorphism on
stent restenosis in a diabetic population. The third aim was to investigate the
genetic basis of the influence of ACEI on stent restenosis in patients with DM. To
the best of our knowledge, ACE gene polymorphism, stent restenosis, and ACEI
have not been studied in a diabetic group of patients in any trial.

METHODS

One hundred and thirty consecutive patients with CAD and 47 consecutive
patients without CAD were enrolled in the study. All were fully informed about
the procedure and informed consent was obtained from each. All patients had
type 2 (noninsulin dependent) DM. DM was diagnosed according to the recom-
mendations of the American Diabetes Association.14) All patients underwent rou-
tine quantitative coronary angiography (QCA) for stable angina pectoris. None
was characterized with acute coronary syndrome. Stenosis with a diameter of
50% or more in QCA was accepted as CAD. Elective PTCA and stent implanta-
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tion were performed in patients with 70% or higher diameter stenosis in major
epicardial coronary arteries. All of the patients had coronary artery disease with
stable angina. Coronary ischemia was verified with either electrocardiography or
noninvasive stress tests. Only one kind of stent (Gendyl stent, Blue Medical) was
used for this study. Mean inflation pressure and time were 10.2 ± 1.3 atm and 42.3
± 5.6 seconds, respectively. Postdilatation with a different balloon was not per-
formed. Unfractionated heparin (70-100 U/kg) was administered only at the
beginning of the procedure. Postprocedural pharmacological therapy consisted of
aspirin (100 mg once daily) and clopidogrel (300 mg loading dose and 75 mg
once daily for nine months). Treatment with an ACEI was at the discretion of the
attending physicians, who were unaware of the ACE genotype. Mean duration of
follow-up was 9.1 ± 2.9 months. All patients underwent a physical examination
and routine biochemical tests in the 1st, 3rd and 6th months. In the 6th month, a max-
imal exercise test was performed in all patients. Ninety-four patients agreed to
undergo control coronary angiography. Thirty-six other patients, who did not
agree, had no coronary ischemia in their exercise tests. Stent restenosis and the
development of new lesions were investigated in control QCA. ISR was defined
as 70% or greater stenosis in the stented segment. The criteria for a new lesion
were: 1) absence in the first diagnostic QCA, 2) located in a different segment to
that of the previous target lesion, and 3) 50% or greater stenosis.

ACE genotyping was performed by laboratory staff who were unaware of
the clinical data. Genomic DNA was extracted from peripheral blood leukocytes.
ACE genotypes were determined using a polymerase chain reaction, according to
previously published protocols.15) All tests and examinations were performed
before genotyping.
Statistical analysis: Continuous variables are expressed as the mean ± SD and
their differences among genotypes were compared by a t-test and analysis of vari-
ance. The distribution of categorical variables among genotypes was compared
using the chi-square test. 

RESULTS

The mean age of all patients was 59.6 ± 9.9 years. The population was
divided according to the presence or absence of CAD. Group 1 consisted of 94
patients (59 males, mean age, 60.3 ± 9.8 years) with CAD and control angiogra-
phy to detect ISR. The mean percentage of diameter stenosis of coronary arteries
in QCA was 82.5% ± 7.8% in group 1. Group 2 consisted of 47 patients (14
males, mean age, 58.0 ± 10.0 years) without CAD. There was no significant dif-
ference between two groups with respect to age (P = 0.19), however, the inci-
dences of male gender, hypertension, hyperlipidemia, and a family history of
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CAD were significantly greater in group 1 than group 2 (P < 0.01). Similarly, the
duration of diabetes was longer in group 1 than group 2. The other demographic
characteristics and risk factors of the two groups were comparable (Table I).

After genotyping, the patients were classified into three genotypic sub-
groups: DD, ID, and II. The frequencies of D and I allele were 0.62 and 0.38,
respectively. The genotype distribution obeyed the constraints of the Hardy-
Weinberg equilibrium. No significant difference in genotypic subgroups was
observed between groups 1 and 2 (Figure 1).

All patients with implanted stents who accepted the 6th month control QCA
were classified according to genotype. There were no significant differences
between the three subgroups with respect to demographic parameters and risk
factors (Table II). The properties of the target vessels and stents were similar for
the three genotypic subgroups (Table III). In the 6th month control QCA, stent res-
tenosis was observed in 46 (35.3%) of 130 patients who received a stent. The
mean percentage of diameter restenosis was 67.8% ± 8.3 in these patients. When

Table I. Demographic Parameters and Risk Factors According to the Presence of CAD

Group 1 CAD (+) (n = 94) Group 2  CAD (-) (n = 47) P

Duration of DM (years)
HbA1c (mg/dL)
BMI (kg/m2)
Hypertension 
Hyperlipidemia 
Smoking 
Family history

9.7 ± 7.0
6.4 ± 1.2

27.4 ± 3.0
85 (90%)
93 (98%)
53 (56%)
66 (70%)

6.6 ± 4.4
6.0 ± 1.1

28.0 ± 3.0
31 (65%)
31 (65%)
34 (72%)
20 (42%)

0.007
NS
NS

< 0.01
< 0.01

NS
< 0.01

DM indicates diabetes mellitus; HbA1c, oxidized hemoglobin; BMI, body mass index; and 
NS, not significant.

Figure 1. Relationship between CAD and genotypic subgroups.
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the relationship between restenosis and ACE gene I/D polymorphism was inves-
tigated, no significant difference was found among the genotypic subgroups for
restenosis (Figure 2).

Table II. Demographic Properties and Risk Factors for Genotypic Sub-
groups in Patients With CAD

DD (n = 39) ID (n = 44) II (n = 11) P

Age (years)
Duration of DM (years)
Hypertension
Hyperlipidemia
Smoking
Family history
BMI (kg/m2)
HbA1c (mg/dL)
LDL (mg/dL)
T. chol/HDL (mg/dL)

60.6 ±10.2
9.2 ± 7.2
37 (94%)

39 (100%)
26 (66%)
27 (69%)

28.0 ± 2.8
6.5 ± 1.2

115.3 ± 34.7
4.7 ± 1.2

60.1 ± 9.8
10.1 ± 7.2
38 (86%)

44 (100%)
22 (50%)
31 (70%)
27.0 ± 3.3

6.2 ± 1.2
115.3 ± 31.3

4.8 ± 1.6

60.0 ± 8.8
9.5 ± 6.1

10 (90%)
11 (100%)
5 (45%)
8 (72%)

26.9 ± 2.0
6.3 ± 1.1

104.1 ± 32.4
4.3 ± 0.6

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

LDL indicates low density lipoprotein cholesterol; T. chol, total cholesterol; 
and HDL, high density lipoprotein cholesterol.

Table III. Properties of Target Vessels and Stents for Geno-
typic Subgroups in Patients With CAD

DD (n = 39) ID (n = 44) II (n = 11) P

RVD (mm)
LL(mm)
SD (mm)

3.0 ± 0.2
12.0 ± 3.9

3.0 ± 0.2

3.0 ± 0.2
10.6 ± 2.9

3.0 ± 0.2

3.1 ± 0.3
11.6 ± 3.7
3.1 ± 0.2

NS
NS
NS

RVD indicates reference vessel diameter; LL, length of 
lesion; and SD, stent diameter.

Figure 2. Relationship between restenosis and ACE gene I/D
polymorphism.



894
Int Heart J

September 2005GUNERI, ET AL

Development of a new lesion was determined in 21 (22.3%) patients in the
6th month control QCA. The mean percentage of diameter stenosis of the new
lesions was 58.3% ± 7.4. There was no significant difference among the geno-
typic subgroups concerning the development of a new lesion (Figure 3).

In homozygote II patients, both groups with and without restenosis were
comparable with respect to ACEI use (P = 0.302). However, a significant rela-
tionship was determined between restenosis and ACEI use in patients with the D
allele (Table IV). HT was comparable in two groups with and without ACEI
administration [57 (91.9%) patients with HT in ACEI (+) group versus 18
(85.7%) patients with HT in ACEI (-) group, P = 0.684]. Additionally, the num-
ber of DD and ID patients administered ACEI was comparable for restenosis [12
(38.7%) DD patients had restenosis versus 15 (48.3%) ID patients had restenosis
P = 0.608]. ACEI treatment in diabetic patients with D allele decreased stent re-
stenosis significantly in the long-term.

DISCUSSION

Several previous studies have reported a relationship between ACE gene I/
D polymorphism and various cardiovascular pathologies such as left ventricular

Figure 3. Relationship between ACE gene I/D polymorphism and
development of new lesions.

Table IV. Relationship Between ACEI Use and Restenosis in Patients
With D Allele

Patients with D allele ACEI (+) (n = 62) ACEI (-) (n = 21) P

Restenosis (+)
Restenosis (-)

27 (43.5%)
35 (56.5%)

15 (71.4%)
6 (28.6%)

< 0.05
< 0.05
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hypertrophy,16) myocardial infarction,17) dilated cardiomyopathy,18) and target
organ damage due to hypertension.19) Both plasma and tissue ACE concentrations
appear to be under genetic control. Left ventricular ACE activity is higher in indi-
viduals with the D allele,20) and conversion of angiotensin II from angiotensin I is
greater in patients with the DD genotype,21,22) indicating higher vascular tissue
ACE activity in the presence of the D allele. Furthermore, upregulation of vascu-
lar ACE activity occurs in atherosclerosis.23) However, we did not determine the
relationship between ACE gene polymorphism and CAD in diabetic patients.
This result may be due differences in risk factors among group 1 and group 2. On
the other hand, although risk factors were not different among genotypic sub-
groups, new lesion development was not related to ACE gene polymorphism.

Neointimal hyperplasia, rather than lumen narrowing by arterial remodel-
ing, prevails in the restenotic process after placement of stents in coronary arter-
ies.24) The renin-angiotensin-aldosterone system has been implicated in the
pathogenesis of neointimal hyperplasia, and a role for angiotensin II in the migra-
tion and proliferation of vascular smooth muscle cells in restenotic lesions has
been proposed.25) Subjects with the DD genotype of the ACE gene exhibit signif-
icantly higher angiotensin II levels and ACE activities as compared with individ-
uals with the II or ID genotype,9,11) suggesting a higher risk of restenosis for
carriers of the DD genotype. The potential influence of the I/D genotype on re-
stenosis after percutaneous coronary interventions has been the focus of several
studies.24,26,27) Several reports suggested an augmented risk of in-stent restenosis
among carriers of the DD genotype.24,28) In our study, we did not find any relation-
ship between ACE gene polymorphism and stent restenosis. The rate of stent re-
stenosis in patients with DD was similar to that in other genotypic subgroups. As
the present study was not a placebo controlled study, ACEI use may have reduced
the stent restenosis in the DD group.

Werner, et al found no relationship between ACEI and restenosis in patients
with the DD genotype of the ACE gene.28) Meurice, et al,29) Jorgensen, et al,30)

and Ribichini, et al31) suggested ACEI had an unfavorable effect on the restenotic
process after coronary stent implantation in patients with the DD genotype. In
contrast, we found ACEI had beneficial effects on restenosis in patients with the
D allele. Our study population was different from previous studies as all of our
patients were type 2 diabetics. However, we did not have a placebo control group,
and our patients received various ACE inhibitor drugs. We cannot exclude the
possibility that this may have influenced the results of the present study, although
a drug-specific rather than a class-specific interaction with the D allele is
unlikely.
Conclusion: ACE gene polymorphism may be effective in the pathogenesis of
several diseases via the levels of plasma and tissue ACE. However, we found
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there was no relationship between ACE gene I/D polymorphism and CAD and
stent restenosis and new lesion development in diabetic patients. On the other
hand, ACEI treatment reduced stent restenosis significantly in type 2 diabetic
patients with the D allele (DD or ID). In contrast to previous reports, the results
suggest that diabetic patients treated with ACEI who carry the D allele may not
have an increased risk of stent restenosis. 
Study limitations: Only 72.3% of diabetic patients after stent replacement had
control coronary angiography after 6 months, while the remaining 27.7% who did
not have control angiography had neither symptoms nor coronary ischemia in
exercise testing. The trial was not a placebo-controlled randomized study for the
use of ACEI. However, it is very difficult to design such a study because ACEI
are used frequently in CAD patients. The total number of patients was not large
enough to make precise conclusions with respect to ACEI treatment. The patients
were treated with various types of ACE inhibitors.
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