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Abstract

Some studies have reported a possible relationship between endothelial nitric oxide synthase (eNOS) and metabolic syndrome (MS),
which is associated with an increased risk for cardiovascular disease. A recent meta-analysis study found the eNOS G894T polymorphism to
be associated with ischemic heart disease. Here, we examine the association of eNOS G894 T polymorphism with MS in a Chinese population
(n=397). The eNOS T+ (TT and GT) genotypes (56.92% vs 38.86%; odds ratio, 2.08; 95% confidence interval, 1.21-3.56; P =.007) and T
allele (33.08% vs 23.34%; odds ratio, 1.62; 95% confidence interval, 1.08-2.44; P = .019) were significantly more frequent in subjects who
had MS. Furthermore, subjects with eNOS T+ genotypes had significantly higher plasma C-reactive protein levels as compared with GG
subjects (P = .004). This study shows that, in a Chinese population, eNOS G894T polymorphism is associated with an elevated C-reactive

protein level and MS.
© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Metabolic syndrome (MS) is associated with increased
risk for cardiovascular disease; and in humans, it is
expressed as a cluster of metabolic abnormalities that
include obesity, elevated triglyceride (TG) concentrations,
low high-density lipoprotein cholesterol (HDL-C), hyperten-
sion, and elevated fasting glucose level [1]. Prevalence of
MS varies among ethnic groups [2,3]. According to twin
studies, the individual components of MS are to some extent
influenced by genetic factors [4,5]. In addition to lifestyle
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features such as poor diet and physical inactivity, several
studies have suggested a heritable basis to the etiology of MS
[6,7]. Taken together, these findings suggest that genetic
factors might play an important role in MS.

Recently, Duplain et al reported that endothelial nitric
oxide synthase (eNOS) knockout mice present a cluster of
cardiovascular risk factors comparable with those of MS
[8]. Endothelial nitric oxide synthase is involved in the
production of nitric oxide (NO), a ubiquitous molecule
responsible for the maintenance of normal endothelial
function [9]. When NO metabolism is impaired, endothelial
dysfunction results, which is likely to be an early step
in the development of insulin resistance [10,11]. In turn,
insulin resistance has been considered an underlying
pathogenic link between the various components of MS,
thus explaining the presence of MS even in nonobese
individuals [12,13].
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The eNOS human gene is on chromosome 7q35-36.
Of the currently described polymorphisms [14], the exon
7 G894T polymorphism is the only known common variant
in the coding region. This variant has previously been
associated with eNOS activity [15,16] or endothelial
dysfunction [17,18]. In a recent meta-analysis study, Casas
et al [19] found that this variant was associated with ischemic
heart disease. In this study, we hypothesize that the same
eNOS G894T gene polymorphism is associated with MS, a
syndrome that carries high risk for cardiovascular disease. To
test this hypothesis, we genotyped 397 subjects for this
polymorphism and examined a range of MS indicators.

2. Subjects and methods

Subjects for this cross-sectional study were individuals
visiting Kaohsiung Medical University Hospital for routine
health examinations in 2005 from January to June. The study
design was approved by the hospital Human Research Ethics
Committee, and informed consent was obtained from each
individual.

Data collected on each subject included demographics
and clinical history. Eleven health indicators were assessed.
Blood pressure, height, weight, and waist circumference
(WC) were measured using standard techniques. Fasting
blood samples were obtained to determine plasma glucose,
insulin, TG, total cholesterol, low-density lipoprotein
cholesterol (LDL-C), HDL-C, and C-reactive protein
(CRP) concentrations. We excluded subjects who had high
CRP levels (=10 mg/L), a diagnosis of diabetes, or high
fasting glucose level (=126 mg/dL), or those who were
taking hyperglycemic medications. Consequently, the cur-
rent analysis was confined to the 145 men and 252 women
who matched our study criteria. In this study, subjects with at
least 3 MS risk factors were considered to have MS.

Characteristics of MS [1] include (1) blood pressure
>130/85 mm Hg; (2) TG >150 mg/dL; (3) HDL-C of
<40 mg/dL for men and <50 mg/dL for women; (4) fasting
plasma glucose of >110 mg/dL; and (5) WC > 90 cm in men
and >80 cm in women. To determine the WC criteria, we
followed the International Obesity Task Force criteria for the
Asia-Pacific population.

Insulin resistance was assessed from fasting plasma
glucose and insulin values using the homeostasis model
assessment (HOMA) calculation: insulin resistance =
[fasting insulin (in micro—international units per milliliter)x
fasting glucose (in millimoles per liter)]/22.5 [20].

2.1. Genotype determination of eNOS G894T polymorphism

Genotypes were determined by polymerase chain reaction—
restriction fragment length polymorphism, with nucleotides
5’-GATGAGGCTCAGCCCCAGAAC-3’ and 5'-AGTCA -
#ATCCCTTTGGTGCTCAC-3’ as primers. The amplified
product was digested with Mbo I enzyme and size-fractionated
by electrophoretic separation on 3% agarose gels.

2.2. Biochemical analyses

Biochemical analyses were done on a Beckman Coulter
(Fullerton, CA) biochemical analyzer (SYNCHRON CX-
5CE). Serum cholesterol (cholesterol oxidase phenol 4-
aminoantipyrine peroxidase [CHOD-PAP] method), TG
(glycerol 3-phosphate oxidase phenol 4-aminoantipyrine
peroxidase [GPO-PAP] method), and HDL-C (direct
method; polyethylene glycol-penetrated enzymes) levels
were measured. C-reactive protein was measured with a
highly sensitive assay (DPC, Los Angeles, CA).

2.3. Statistical analysis

The clinical and biochemical features of the population
were presented as mean + SD, median (interquartile range
[IQR]), or percentages. Because the distributions of CRP,
insulin, TG, and HOMA were highly skewed, these variables
were natural log-transformed for all other analyses. Odds
ratios (OR) and 95% confidence intervals (95% Cls) were
determined to assess the level of differences in distributions
for allelic and genotype frequencies between those with and
without MS. The observed frequencies of the genotypes
were compared with the frequencies under Hardy-Weinberg
equilibrium by % tests [21]. The ¢ test and 1-way analysis of
variance were used to detect mean differences in biochemical
data and in MS distribution or eNOS genotype. The analysis
of covariance was used to adjust for covariance. All P values
were calculated based on 2-sided tests, with statistical
significance defined as P value < .05.

3. Results

Based on our criteria, MS was identified in the study
population as presented in Table 1. Age, sex, and smoking
status were similar between the 2 (MS and non-MS) groups.
Subjects with MS had significantly higher body mass index

Table 1
Clinical characteristics of subjects with or without MS
MS (n = 65) Non-MS (n =332) P

Age 49.11 £ 11.18 50.21 +13.07 .532
Sex (male/female) 24/41 1217211 942
BMI (kg/m?) 26.45 +3.99 23.63 +3.30 <.001
WC (cm) 87.77 £ 9.61 78.60 + 9.39 <.001
SBP (mm Hg) 130.62 £ 12.18  123.44 +£15.23 <.001
DBP (mm Hg) 84.17 +£9.11 78.68 + 10.70 <.001

Fasting glucose (mg/dL)  102.22 + 14.74
HOMA-IR, median (IQR) 1.99 (0.36-7.98)
Insulin, median (IQR) 8.00 (1.5-32.0)

91.11 % 15.51 <001
1.14 (0.10-5.64)  <.001
5.00 (0.49-78.5)  <.001

Chol (mg/dL) 203.15+48.57  192.51 +36.84 .101
TG, median (IQR) 158 (56-864) 78 (30-481) <.001
LDL-C (mg/dL) 13545 £40.27  122.07 + 32.96 012

38.53 £ 8.94 53.05 + 11.91 <.001
1.49 (0.209-9.92) 0.82 (0.010-8.01)  <.001
9 (13.8%) 43 (13.0%) 846

HDL-C (mg/dL)
CRP, median (IQR)
Smoking status (%)

Data are means + SD. DBP indicates diastolic blood pressure; IR, insulin
resistance; Chol, cholesterol.
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Table 2
Distribution of NOS G894T genotypes in subjects with or without MS
MS (n = 65) Non-MS (n = 332) P
Genotypes
TT 6 (9.23%) 26 (7.83%) .022
GT 31 (47.69%) 103 (31.02%)
GG 28 (43.08%) 203 (61.14%)
Allele
T 43 (33.08%) 155 (23.34%) .019
G 87 (66.92%) 509 (76.66%)

(BMI), WC, blood pressure, fasting plasma glucose levels,
HOMA-IR, LDL-C, TG, and high-sensitivity CRP than did
subjects without MS. The HDL-C levels were lower in
subjects with MS.

The distributions of genotypes and alleles differed
significantly between subjects with and without MS
(Table 2). The eNOS T+ (TT and GT) genotypes (56.92%
vs 38.86%; OR, 2.08; 95% CI, 1.21-3.56; P = .007) and T
allele (33.08% vs 23.34%; OR, 1.62;95% CI, 1.08-2.44; P =
.019) were significantly more frequent in subjects with MS
indicators than in those without. The eNOS genotype
distribution followed Hardy-Weinberg equilibrium (3> =
0.2, P>.05).

We summarized the characteristics of all subjects by eNOS
genotype (Table 3). No difference was found in age, sex,
BMI, WC, systolic blood pressure (SBP), HOMA, or HDL-C
level. However, subjects with T+ genotypes (compared with
GG) had significantly higher fasting glucose, cholesterol,
TG, LDL-C, and CRP levels. In our study, eNOS genotypes,
CRP, and MS were strongly correlated. Subjects with T+
genotypes (compared with GG) still had significantly higher
CRP levels after adjustment for MS status. Age, sex, and BMI
were adjusted in analyses of blood pressure, cholesterol, TG,
LDL-C, HDL-C, insulin, and HOMA. Subjects with T+
genotypes (compared with GG) still had significantly higher
cholesterol, TG, and LDL-C.

4. Discussion

Our data show an association between eNOS G894 T gene
polymorphism and MS in a sample of ethnic Chinese. For a
given BMI, Asian populations have been reported to have a
higher proportion of body fat than white subjects have,
which may contribute to the increased metabolic complica-
tions observed in Asian [22-24]. Only a few studies have
considered the relationship between eNOS gene polymorph-
ism and MS, and none in an Asian study group. The eNOS
C786G polymorphism in hypertensive patients is associated
with MS [25]; and eNOS haplotypes, but not the eNOS
G894T polymorphism, recently have been found to be
associated with features of MS [26]. Inconsistencies in the
findings about the relationship between eNOS polymorph-
ism and MS could reflect either genetic heterogeneity or
differences in environmental factors that influence pheno-
typic expression of the gene variant.

This study further demonstrated a relationship between
the eNOS 894T+ genotype and high cholesterol, TG, and
LDL-C levels. In one study with diabetic patients, Ukkola
et al [27] found the eNOS TT genotype to be associated
with higher plasma very low-density lipoprotein cholesterol
and very low-density lipoprotein—TG concentrations, as
compared with GG or GT genotypes. The relationship of
the eNOS G894T polymorphism and plasma cholesterol
and LDL-C levels has never been studied. However, a
significant elevation of plasma cholesterol in eNOS
knockout mice has been reported [8,28]. The mechanism
linking the eNOS G894T polymorphism and plasma lipid
levels remains unknown.

Subjects with eNOS 894T+ genotypes also had higher
blood pressure (compared with GG genotype). Chen et al
[29] speculated that the eNOS allelic variation (G894T), in
conjunction with insulin resistance, contributes to the
predisposition to hypertension. Another study (by Jia et al
[30]) suggested that the same polymorphism might be a
major risk factor of essential hypertension in Chinese.
Recently, however, no association was detected between the
polymorphism and hypertension [31]. Inconsistencies in the
reported correlation with blood pressure may be attributed to
many factors including ethnic and environmental differ-
ences. Future studies with large numbers of subjects should
clarify the situation.

In the present study, we found that plasma glucose levels
were significantly higher in subjects with eNOS 894T+
genotypes as compared with those with GG genotype.
Comparing this finding with previous research, we find that,
in a cross-sectional study of a white population, Monti et al
[32] found an association between eNOS G894T poly-
morphism and diabetes. Recently, Tso et al [33] found in a

Table 3
Clinical characteristics of all subjects by eNOS genotypes

eNOS genotype TT + GT GG (n=231) P P
(n = 166)
Age (y) 509 +£13.7 493+ 123 246 —
Sex (male/female) 104/62 156/75 336 —
BMI (kg/m?) 243 +4.0 23.9+3.9 413 —
WC (cm) 81.3+11.3 79.3 £ 10.1 121 —
SBP (mm Hg) 1258+ 15.8 1245+ 154 462 .091°*
DBP (mm Hg) 82.6 £ 11.0 79.4 £ 11.1 011 .002*
Chol (mg/dl) 200.7 + 40.3 189.6 + 37.6 .005 .005*
TG, median (IQR) 93 (65-136) 80 (54-113) .048 .737*
HDL (mg/dL) 49.8 £ 12.7 51.1+12.6 325 .657%
LDL (mg/dL) 131.1 +£35.7 119.3 +£32.8 <.001 <.001*
Fasting glucose 97.9 +£19.6 903 £15.9 <001 —
(mg/dL)

Insulin, median (IQR) 6.08 (3.57-9.40) 5.49 (3.22-9.95) .953 .657*
HOMA-IR, 1.36 (0.81-2.30) 1.14 (0.72-2.07) .510 .830*
median (IQR)
CRP, median (IQR)
Smoking status (%)

1.21 (0.56-2.20) 0.82 (0.36-1.69) .004 .0117
22 (13.3%) 30 (13.0%) 938 —

Data are mean + SD. C-reactive protein adjusted for age, sex, and BMI.
* Adjusted for age, sex, and BMI.
' Adjusted for MS.
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5-year prospective study that this polymorphism appears to
be predictive of persistent hyperglycemia in Chinese
subjects with impaired glucose tolerance. Nitric oxide
modulates peripheral and hepatic glucose metabolism [34];
as such, the role of NO as a modulator of physiological
insulin secretion has been extensively evaluated [35].
Nitric oxide alterations may also affect glucose metabo-
lism. The replacement of glutamine by aspartate at position
298 in eNOS G894T polymorphism renders the eNOS
protein more susceptible to intracellular cleavage [36].
In culture with transfected cells, the T variant results in
impaired NO production [37], decreased eNOS activity in
human placental tissues [38], and reduced NO levels or
activity [32,39]. However, other studies [40,41] found
no association between the polymorphism and levels or
activity of NO.

One independent predictor of cardiovascular disease is
CRP, an acute-phase reactant and sensitive marker of
subclinical inflammation [42,43]. Here, CRP levels were
elevated in subjects with MS; and a relationship was found
between CRP levels and polymorphisms. This finding might
partially explain the increased prevalence of eNOS G894T
polymorphism among patients with cardiovascular disease.
Other studies report the same CRP-polymorphism relation-
ship [44,45]. Several studies have estimated the heritability
of CRP to be between 0.3 and 0.4 after adjusting for sex and
age [46,47]. Evidence of a significant association between
CRP gene and CRP levels was found in some [48,49] but not
all [50] studies. These differences point to the contribution of
other genetic factors. The eNOS G894T polymorphism has
been found to be associated with other inflammatory
markers, like fibrinogen and white blood count, but not
CRP [51]. Nitric oxide might down-regulate CRP expression
in vivo [52,53]. As well, strategies to lower plasma CRP
might be effective through improving NO bioavailability
[54]. The mechanisms affecting plasma CRP levels require
further study.

Limitations of this study include the absence of functional
studies. Future research is needed to determine whether the
eNOS G894T polymorphism functionally underlies a
mechanism leading to MS. In addition, the nature of cross-
sectional studies limits results to intriguing correlations on
which more stringent studies can be based. Long-term
prospective studies on the eNOS G894T polymorphism and
MS could greatly elucidate their relationship.

In conclusion, our results showed that eNOS G894T
polymorphism was associated with an increased risk for MS
in a Chinese population. We also suspect that this polymor-
phism may be a genetic marker for elevated CRP levels.
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