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Association of the eNOS 4a/b and -786T/C Polymormphisms
with Coronary Artery Disease, Obesity and Diabetes Mellitus
(coronary artery disease / nitric oxide synthase / polymorphism / obesity)
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Abstract: The aim was to assess the relationship between eNOS 4a/b and -786T/C polymorphisms with
coronary artery disease (CAD), obesity and diabetes
mellitus. Total number of 1313 patients underwent
coronary angiography, 939 had signiﬁcant CAD (stenosis of ≥ 1 coronary artery ≥ 50%), 222 had smooth
coronary arteries. Patients with insigniﬁcant atherosclerosis were excluded, the study ﬁnally comprised
1161 patients. The analysis of eNOS 4a/b and -786T/
C polymorphisms was performed by polymerase
chain reaction. No signiﬁcant interaction was found
between -786T/C polymorphism and solitary CAD
or CAD with diabetes and obesity. For 4a/b polymorphism, genotypes aa+ab were almost three times
more frequent in diabetic patients without CAD versus patients without CAD and without diabetes – OR
2.79; P = 0.009, Pcorr = 0.03. In 4a/b polymorphism
and CAD with obesity and diabetes: bb genotype was
signiﬁcantly more frequent: in patients with CAD,
diabetes and obesity in comparison with obese diabetic patients without CAD (OR = 3.63, Pcorr =
0.05); in non-diabetic non-obese patients with CAD,
versus diabetic and obese patients without CAD (OR
= 3.38, Pcorr = 0.05); in obese non-diabetic patients
without CAD vs. obese diabetic patients without
CAD (OR = 5.91, Pcorr = 0.01); in patients without
CAD, obesity and diabetes vs. obese diabetic patients
without CAD (OR = 3.59, Pcorr = 0.05). The eNOS
4a/b polymorphism has signiﬁcant association with
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diabetes mellitus in CAD-negative patients, and with
CAD in combination with obesity and diabetes mellitus. No association between 4a/b or -786T/C polymorphism and solitary CAD was found.

Introduction
The cardiovascular diseases, especially the coronary
artery disease (CAD), represent the most frequent mortality cause in developed countries. There are many risk
factors of CAD, but the genetic background that underlies the susceptibility, occurrence and severity of CAD
is still poorly elucidated. Endothelial dysfunction is one
of the conditions that determine the occurrence of
atherosclerosis (Hingorani, 2001).
Nitric oxide (NO), which is a powerful endothelial
relaxing factor, is produced by NO synthase (NOS).
This enzyme has three isoforms – inducible (iNOS),
neuronal (nNOS) and the most important endothelial
(eNOS). NO has more effects than endothelial relaxation including limitation of leukocyte adhesion (Lefer,
1997), platelet-vessel wall interaction (Radomski et al.,
1987), smooth muscle cell proliferation and migration
(Garg et al., 1989), and scavenging superoxide radicals
(Loscalzo et al., 1995). There are some single nucleotide
polymorphisms (SNP) in the eNOS gene, which may inﬂuence the activity of eNOS and NO production.
One of them, the T-786C polymorphism, has thymidine replaced by cytosine at nucleotide -786 in the 5´ﬂanking region of the eNOS gene (Nakayama et al.,
1999). This variant causes reduction of eNOS gene promoter activity and has been reported as a risk factor for
coronary spasm in the Japanese population (Nakayama
et al., 1999). The second one, 27-base pair (bp) repeat
polymorphism is located in intron 4 of the eNOS gene
(4a4b polymorphism) and has been associated with
changes in plasma NO levels (Wang et al., 1997). Some
studies (Wang et al., 1996) showed inﬂuence in prediction of smoking-dependent risk of CAD, but other
studies have not described association between this polymorphism and CAD in German (Gardemann et al.,
2002) and Taiwanese (Hwang et al., 2003) population.
Patients with diabetes mellitus have decreased NO gen-
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eration and increased degradation of the NO (Bucala et
al., 1991) and also have more frequent vascular complications that could be facilitated by impaired NO production (Pieper, 1999). In our study we investigated the association of these two polymorphisms with CAD,
diabetes mellitus, and obesity.
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treatment with antihypertensive drugs or repeat resting
blood pressure > 140/90 mmHg during hospitalization,
obesity as body mass index higher than 30 kg/m2.

Genetic analysis

The study comprised 1313 patients referred to the 1st
Department of Internal Medicine/Cardioangiology for
coronary angiography. During the short-term hospitalization the patients underwent full cardiologic investigation (history, physical examination, electrocardiography,
biochemical and haematological screening and coronary
angiography). All patients gave informed consent to examinations and genetic analysis of blood samples and
the study was approved by the institutional ethics committee. Patients with renal or hepatic failure, anaemia,
endocrine or neurological diseases or malignancy were
excluded. We also excluded patients with insigniﬁcant
atherosclerosis, unclear diagnosis or suspected spastic
angina pectoris. Finally we analysed 1161 patients.
Clinical characteristics of the patients’ cohort are presented in Table 1.

The DNA was extracted from peripheral blood leukocytes using proteinase K and precipitated by isopropanol and chloroform. Isolated DNA samples were tested
for eNOS 3 intron 4a/b polymorphism and eNOS
-796T/C polymorphism by polymerase chain reaction
(PCR). The PCR of 4a/b polymorphism was performed
in DNA thermocycler using following primers: 5´- ACCTCAG-CCCAGTAGTG-3´sense, 5´-GCAAGTGTCAGATAGGATT-3´ antisense, and Taq polymerase. The
PCR products had 573 bp for aa, 604 bp for bb and
573+604 bp for ab alleles. These fragments were separated and analysed by electrophoresis in 1.5% agarose
gel with ethidium bromide.
For -786T/C polymorphism, primers 5´-TGGAGAGTGCTGGTGTACCCCA-3´ sense, 5´-GCCTCCACCCCCACCCTGTC-3´ antisense and Taq polymerase
were used. The PCR products of 180 bp were incubated
with MspI restriction endonuclease at 37 °C for 5 h. The
ﬁnal fragments had 140+40 bp for TT, 90+50+40 for CC
and 140+90+50+40 for TC alleles and were resolved by
electrophoresis in 4% agarose gel with ethidium bromide.

Coronary angiography

Statistical analysis

Coronary angiography was performed using the
standard technique by experienced investigators. The
coronary lesions were visually analysed in multiple projections. Based on morphology of coronary arteries, two
patient groups were deﬁned: l, patients with signiﬁcant
coronary atherosclerosis (at least one coronary artery
with luminal diameter narrowing of 50 % or more, CAD
group) and 2, patients with normal smooth coronary arteries.

The interactions between genotypes and coronary artery disease or other comorbidities were identiﬁed by
multivariation analysis – Wilk’s test, General Linear
Models; signiﬁcant asociations between genotypes or
alleles and diseases were veriﬁed by χ2 and Fisher exact
test, program package Statistica (version 8.0, StatSoft,
Tulsa, OK).

Material and Methods
Patients

Deﬁnitions of cardiovascular risk factors
Clinical risk factors for CAD were deﬁned subsequently: hypercholesterolaemia as current treatment
with hypolipidaemic drugs or diet or total plasma cholesterol > 5.0 mmol/l on hospital admission, diabetes
mellitus as current treatment with insulin or oral antidiabetic drugs or diet or repeated fasting glucose > 7.0
mmol/l during hospitalization, hypertension as current
Table 1. Demographic and clinical characteristics of the
patient cohor
Number of patients / men
Age, mean (y)
CAD/ smooth coronary arteries (n)
Hypertension (n/%)
Hyperlipoproteinaemia (n/%)
Diabetes mellitus (n/%)
Obesity (n/%)
Total cholesterol (mean ± SD)
Body mass index (mean ± SD)

1161 / 813
64.2
939 / 222
906 / 78 %
712 / 61.3 %
348 / 30 %
345 / 29.7 %
4.53 ± 1.1 mmol/l
28.7 ± 4.2

Results
The distribution of genotypes of the whole cohort of
patients was CC = 13 %, CT = 50 %, TT = 37 %; T allele
frequency was 62.5 %, C allele frequency 37.5 % for
-786T/C polymorphism. For intron 4a/b polymorphism
the following distribution was found: aa = 3.8 %, ab =
28.8 %, bb = 67.4 %. The frequency of alleles was 81.8
% for b and 18.2 % for a. Both polymorphisms genotypes were in Hardy-Weinberg equilibrium.
The multivariate analysis did not identify any signiﬁcant interaction between -786T/C polymorphism and
solitary CAD or CAD in combination with diabetes, hyperlipoproteinaemia or obesity. For the 4a/b polymorphism, no signiﬁcant interaction was found between
4a/b polymorphism and solitary CAD (Table 2) or CAD
in combination with obesity (Table 3). On the other
hand, signiﬁcant interactions of CAD were found in
combination with diabetes. Genotypes aa+ab were almost three times more frequent in diabetic patients without CAD in comparison with patients without CAD and
without diabetes – OR 2.79; 95% CI 1.27–6.07, P =
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Table 2. Association between the 4a/b polymorphism and
CAD, counts of patients according to genotypes; P for genotypes = 0.964, P for alleles = 0.987
Summary Frequency Table – 4 a/b polymorphism and CAD
CAD
1
2
All

4a/b – ab 4a/b – bb
272
63
335

632
150
782

4a/b – aa

Row – Totals

35
9
44

939
222
1161

CAD 1 = CAD-positive; CAD 2 = CAD-negative controls

0.009, Pcorr = 0.03 (Table 4). Association between the
4a/b polymorphism and CAD in combination with obesity and diabetes mellitus was found as well. The bb genotype was signiﬁcantly more frequent: in patients with
CAD, diabetes and obesity in comparison with obese
diabetic patients without CAD (OR = 3.63, 95% CI
1.23–10.67, Pcorr = 0.05); in non-diabetic non-obese
patients with CAD, versus diabetic and obese patients
without CAD (OR = 3.38, 95% CI 1.21–9.46, Pcorr =
0.05); in obese non-diabetic patients without CAD in
comparison with obese diabetic pacients without CAD
(OR = 5.91 (1.76–19.88), Pcorr = 0.01); in patients
without CAD, obesity and diabetes versus obese diabetic patients without CAD (OR = 3.59 (1.23–10.50),
Pcorr = 0.05) (Table 5).

Discussion
The association between T-786C and coronary artery
disease was investigated in many reports, but the results
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remain controversial (Colombo et al., 2003; Casas et.
al., 2004,; Fatini et al., 2004; Rossi et al., 2006). Fatini
et al. (2004) found that the eNOS 4a4a genotype was an
independent predisposing factor for acute coronary syndromes (ACS) (OR 2.5, 95% CI 1.1-5.4, P = 0.02) but
there was no association between the eNOS -786CC and
894TT genotypes. The presence of the -786CC genotype intensiﬁed the predisposition to ACS in 4a4a homozygotes.
Meta-analysis of 26 studies involving 23,028 subjects
(Casas et al., 2004) showed signiﬁcantly increased risk
of CAD in 4a4a homozygotes but not in homozygous
carriers of the -786C allele. Rossi et al. (2006) found
more cardiovascular deaths in -786TT than in -786 TC +
CC carriers in the follow-up study of more than one
thousand patients. These authors suppose that this genetic variant is associated with higher NO bioactivity,
which means increased production of reactive oxygen
and nitrogen forms. This results in activation of matrix
metalloproteinases and following predisposition to rupture of the atherosclerotic plaque. In our study, multivariate analysis did not conﬁrm any signiﬁcant association between the -786T/C polymorphism and solitary
CAD or CAD in combination with obesity and diabetes
mellitus.
The inﬂuence of the intron 4a/b polymorphism on
plasmatic NO level was presented in several reports
(Tsukada et al., 1998, Wang et al., 2000), but this has not
been conﬁrmed by other studies (Wang et al., 1997;
Yoon et al., 2000; Jeeroburkhan et al., 2001). This polymorphism is located in the intron of the gene, so it is

Table 3. The 4a/b polymorphism and CAD and obesity, counts of patients according to genotypes – no signiﬁcant interaction was found
Summary Frequency Table – 4a/b polymorphism and CAD and obesity
Group

CAD

Obesity

4a/b – ab

4a/b – bb

4a/b – aa

Row – Totals

1
2

1
1
Total

1
2

83
189
272

190
442
632

6
29
35

279
660
939

3
4

2
2
Total
Column Total

1
2

20
43
63
335

45
105
150
782

1
8
9
44

66
156
222
1161

CAD 1 = CAD-positive; CAD 2 = CAD-negative; Obesity 1 = obese, Obesity 2 = non-obese

Table 4.The 4a/b polymorphism and CAD with diabetes mellitus, counts of patients according to genotypes
Summary Frequency Table – 4a/b polymorphism and CAD and diabetes mellitus
Group

CAD

Diabetes

4a/b – ab

4a/b – bb

4a/b – aa

Row – Totals

1
2

1
1
Total

1
2

92
180
272

215
417
632

11
24
35

318
621
939

3*
4*

2
2
Total
Column Total

1
2

15
48
63
335

14
136
150
782

1
8
9
44

30
192
222
1161

*Signiﬁcant differences between groups 3 a 4 for ab+aa: 16/14 vs. 56/136, OR = 2.79, 95% CI 1.27–6.07, P = 0.009, Pcorr = 0.03
CAD 1 = CAD-positive; CAD 2 = CAD-negative; Diabetes 1 = diabetic patients; Diabetes 2 = non-diabetic patients
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Table 5. The 4a/b polymorphism and CAD with obesity and diabetes mellitus, counts of patients according to genotypes
Summary Frequency Table – 4a/b polymorphism and CAD with obesity and diabetes mellitus
Group

CAD

Diabetes

Obesity

4a/b – ab

4a/b – bb

4a/b – aa

Row – Totals

1
2

1
1
Total

1
1

1
2

39
53
92

87
128
215

1
10
11

127
191
318

3
4

1
1
Total

2
2

1
2

44
136
180

103
314
417

5
19
24

152
469
621

5
6

2
2
Total

1
1

1
2

10
5
15

6
8
14

0
1
1

16
14
30

7
8

2
2
Total
Column Total

2
2

1
2

10
38
48
335

39
97
136
782

1
7
8
44

50
142
192
1161

Signiﬁcant differences:
Group 1 vs. 5 for bb: 87/40 vs. 6/10, OR = 3.63, 95% CI 1.23–10.67, Pcorr = 0.05
Group 4 vs. 5 for bb: 314/155 vs. 6/10, OR = 3.38, 95% CI 1.21–9.46, Pcorr = 0.05
Group 5 vs. 7 for bb: 6/10 vs. 39/11, OR = 5.91 (1.76–19.88), Pcorr = 0.01
Group 5 vs. 8 for bb: 6/10 vs. 97/45, OR = 3.59 (1.23–10.50), Pcorr = 0.05
CAD 1 = CAD-positive; CAD 2 = CAD-negative; Diabetes 1 = diabetic patients; Diabetes 2 = non-diabetic patients; Obesity 1 =
obese; Obesity 2 = non-obese patients

unlikely to inﬂuence the protein structure, but it may
play a role as a marker in linkage disequilibrium with
other variants of the eNOS gene (Wang et al., 1997;
Yoshimura et al., 2000; Jeeroburkhan et al., 2001).
Alvarez et al. (2001) found the CC variant of the
T-786C polymorphism to increase risk of early CAD in
a Caucasian population, but not the 4a/b polymorphism.
In contrast, as mentioned above, Fatini et al. (2004) documented that susceptibility to acute coronary syndromes
is markedly inﬂuenced by the haplotype-speciﬁc pattern
4a4a/786CC.
Association between intron 4a/b polymorphism and
diabetes mellitus was described by Galanakis et al.
(2008). These authors found a signiﬁcant relationship of
the presence of the a allele and diabetes mellitus with no
difference between type I and II diabetes. This conforms
with our results, which show signiﬁcantly higher frequency of the aa and ab genotype in diabetic patients
without CAD in comparison with patients without CAD
and without diabetes. The relation between diabetes and
eNOS polymorphisms has not yet been elucidated. Laboratory studies by microarray analysis of insulin-producing cells treated by cytokines found that about 50 %
of the genes inﬂuenced by cytokines were NO-dependent (Kutlu et al., 2003).
The relation of the 4a/b polymorphism and obesity
was not investigated, either. Hoffmann et al (2005) did
not ﬁnd signiﬁcant association between eNOS 4a/b and
Glu298Asp polymorphisms and either obesity or fasting
glucose and blood pressure. This ﬁnding is also concordant with our work; obesity either in CAD patients or
in controls did not show signiﬁcant association with the
4a/b polymorphism. The limitation of our study was especially selected population, so that it does not represent
common population but patients refferred for coronary

angiography, and also a low number of patients in some
subgroups.
In conclusion, our study demonstrates that the eNOS
4a/b polymorphism has signiﬁcant association with
diabetes mellitus in CAD-negative patients, and with
coronary artery disease in combination with obesity and
diabetes mellitus. No association between the 4a/b polymorphism or -786T/C polymorphism and solitary CAD
was found. However, more detailed genetic analyses are
necessary to elucidate the associations of genetic abnormalities and CAD and its risk factors.
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