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ABSTRACT

Metabolic syndrome (MS) is a cluster of cardiovascular risk factors such as 
hypertension, dyslipidemia, obesity and type II diabetes. Here, we performed 
a case-control study analyzing the association between 894G>T endothelial 
nitric oxide synthase gene polymorphism (NOS3) and MS in 616 subjects. 
Genotype frequencies were TT= 9.3%, GG= 37.2 and TG= 53.6% and the al-
lelic frequencies were T=0.36 and G= 0.64. We observed a higher TT genotype 
frequency in the male MS group than control subjects (p=0.02), independent 
of other variables. We found an association between hypertension and TT 
genotype in females. Our data suggests that 894G>T plays a signifi cant role 
in the mechanistic interaction between metabolic risk such as hypertension 
and MS, although sex-related differences may exist. (Arq Bras Endocrinol Me-

tab 2008; 52/8:1367-1373)

Keywords: NOS3 polymorphism; Nitric oxide synthase; Metabolic syndrome; 
Cardiovascular risk factors; Metabolic disorder

RESUMO

Associação entre o Polimorfi smo 894g>T do Gene Óxido Nítrico Sintetase 

Endotelial e Síndrome Metabólica.

A síndrome metabólica (SM) é um agrupamento de fatores de riscos cardio-
vasculares, tais como hipertensão, dislipidemia, obesidade e diabetes tipo 2. 
Realizou-se um estudo caso-controle para analisar a associação entre o poli-
morfi smo (894G>T do gene da enzima endotelial oxido nítrico sintetase 
(NOS3) e a SM em 616 voluntários. As freqüências genotípicas foram: TT = 
9,3%, GG = 37,2% e TG = 53,6%, e as freqüências alélicas T = 0,36 e G = 0,64. 
Observou-se freqüência mais alta do genótipo TT em homens com SM do 
que nos controles, independentemente de outros fatores (p = 0,02). Também 
observou-se associação entre hipertensão e o genótipo TT nas mulheres. Os 
dados do estudo sugerem que o polimorfi smo 894G>T pode ter papel signifi -
cativo na interação entre riscos metabólicos, tais como a hipertensão e a SM, 
ainda que existam diferenças relacionadas ao sexo.  (Arq Bras Endocrinol 

Metab 2008; 52/8:1367-1373)

Descritores: Polimorfi smo da enzima óxido nítrico sintetase (NOS3); Sín-
drome metabólica; Fatores de risco cardiovasculares; Desordem metabólica 

INTRODUCTION

Metabolic syndrome (MS), a cluster of several metabolic disorders, is in-
creasingly being recognized as a risk factor for cardiovascular disease. 

The metabolic syndrome risk factors are of metabolic origin and consist of 
atherogenic dyslipidemia, elevated blood pressure, elevated plasma glucose, a 
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prothrombotic state and a proinfl ammatory state (1,2). 
Therefore, MS is a multifactorial disturbance that po-
tentially includes genetic components of structural and 
regulatory proteins involved in its pathogenesis (3).

As data from animal models have suggested that 
nitric oxide synthase (NOS3) null mice show a pheno-
type that resembles the human metabolic syndrome 
(hypertension, insulin resistance and hypertriglyceride-
mia), human studies involving NOS3 gene polymor-
phism have been initiated (4). 

Nitric oxide (NO) produced by endothelium is an 
ubiquitous molecule responsible for the maintenance 
of normal endothelial function, acting in vascular ho-
meostasis. This molecule has a protective role by sup-
pressing the abnormal proliferation of vascular smooth 
muscle cells (VSMCs) following various pathological 
situations including atherosclerosis (5,6). Additionally, 
NO facilitates the uptake and metabolism of glucose in 
skeletal muscle (7,8) In contrast, the oxidative effects 
of NO, which may occur through functional variation 
in NO synthase genes, may play a role in insulin resis-
tance and type II diabetes (9).

The NOS3 gene is localized to chromosome 7q35-
36 (10), and the NOS3 protein synthesizes NO consti-
tutively via a reaction including the conversion of 
L-arginine to L-citrulline, which involves the transfer 
of fi ve electrons provided by NADPH (11,12). Several 
polymorphisms have been identifi ed in the NOS3 gene. 
Much attention has been focused on putatively functio-
nal variants: -786T>C (rs2070744), 894G>T (Glu-
298Asp) (rs1799983) and intron 4 a/b VNTR (27-bp 
repeat) (13). A common variation of the NOS3 that 
leads to an amino acid substitution in the mature pro-
tein is the 894G>T or Glu298Asp variant, in which a 
guanine/thymine substitution at exon 7 leads to a glu-
tamate/aspartate substitution at position 298 (14). 
This variant has been associated with CAD (12,15), in-
cluding an investigation in Brazilian subjects (16,17).

However, there are few studies reporting a possible 
association between endothelial nitric oxide synthase 
(NOS3) and MS (18,19). These studies include two 
surveys performed in a Spanish population that found a 
positive association between NOS3 polymorphisms and 
MS (19,20), and an Italian population study that found 
an association with diabetes mellitus type II and insulin 
resistance (21). Additionally, a positive association be-
tween 894G>T polymorphism and MS has been shown 
in Chinese and Japanese populations (18,22).

Based on these fi ndings, we performed a study to 
determine the possible association between MS and 
894G>T polymorphism NOS3 in Brazilian subjects.

SUBJECTS AND METHODS

A case-control study was performed in Rio Grande do 
Sul (RS), the southernmost state of Brazil. The Ethics 
Committee of the Pontifi cia Universidade Católica do 
Rio Grande do Sul (PUCRS) approved the study pro-
tocol. Informed consent was obtained from all indivi-
duals whose data were collected prospectively. The 
study was structured considering the checklist for the 
reporting and evaluation of gene-disease associations 
proposed by Little and cols. (23).

We excluded fi rst or second-degree relatives of sub-
jects to avoid genetic frequency bias and included just 
subjects who reported being Caucasian. Subjects were 
recruited from the Cardiology Service, São Lucas Hos-
pital (SLH), Brazil and from an epidemiological study 
of aging and non-transmissible diseases conducted in 
the metropolitan area of Gravatai, Porto Alegre. Pre-
vious genetic studies have been performed in this rese-
arch project (24,25). Minimal and maximal ages were 
35 and 92 years old, respectively. The sample consisted 
of 231 males (36.6%) and 401 females (63.4%).

Previous clinical history was analyzed including 
cardiovascular disease. All subjects fi lled out a questio-
nnaire including demographic characteristics such as 
age and gender, and were examined for clinical and 
previous history of cardiovascular risk factors.

MS was diagnosed by the following clinical varia-
bles: a) diabetes mellitus, individuals with glucose levels 
above 110 mg/dL and those using glucose-lowering 
drugs; b) hypertension, individuals with systolic blood 
pressure (SBP) levels >140 mmHg and/or diastolic 
blood (DBP) pressure levels > 90 mmHg, measured at 
least on two occasions separated by a month, and using 
antihypertensive drugs (also including subjects with se-
vere hypertension, i.e., SBP ≥ 160 mmHg and/or DBP 
≥ 100 mmHg), and coronary disease, i.e., individuals 
with a previous diagnosis of acute myocardial infarct 
(AMI), angina, intermittent claudication or stroke; and 
c) dyslipidemia, subjects with elevated total cholesterol, 
LDL-c or TG, as well as those who used drugs to lower 
cholesterol. Details of these evaluations were given in 
previous studies by our group (e.g., Schwanke and 
cols.) (26).
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Biochemical analyses were performed on blood 
samples collected from subjects after an overnight fas-
ting (12 h or more); snacks and coffee were offered 
afterward. The following blood tests were performed: 
glucose, total cholesterol, HDL-c, LDL-c, and triglyce-
rides (TG). Total cholesterol, HDL-c, TG, and glucose 
were determined by enzymatic colorimetric methods 
using commercial kits: total cholesterol, Cod-Ana Lab-
test®; HDL-c precipitant Labtest®; TG Gpo-Ana; 
Glucose PAP Labtest®. LDL-c was calculated accor-
ding to the Friedwald equation: (LDL-c) = (TG) - 
(HDL-c + TG/5) (27). 

To perform the molecular analysis, blood samples 
were drawn from a peripheral vein using disposable Va-
cutainer tubes containing 0.1% EDTA (fi nal concentra-
tion of 1 mg/dL). Afterward, the samples collected 
were kept at 4°C until DNA extraction. Genomic DNA 
was isolated from peripheral blood leukocytes using the 
GFX Genomic Blood DNA Purifi cation (Amersham 
Biosciences Inc., Co.) kit. 

The 894G>T polymorphism in exon 7 was detected 
using the primers 5’-AAGGCAGGAGACAGTGGA-
TG-3’ (sense) and 5’-TCCCTTTGGTGCTACGT -3’ 
(antisense) and PCR conditions previously described 
by Gilerott and cols. (28). The resulting 258-bp frag-
ment was digested with the enzyme Mbol I for 16 h, at 
37°C, producing fragments of 248 bp (G allele) and 
158 bp and 90 bp (T allele). 786T>C and 894G>T 
fragments were separated by electrophoresis in 3% aga-
rose gels and visualized by ethidium bromide staining.

Statistical analysis was performed using the SPSS/
PC statistical package, version 11.5 (SPSS, Inc., IL). 
The allelic and genotypic frequencies were tested for 
Hardy–Weinberg equilibrium. The signifi cance of al-
lele frequency or genotype distribution among con-
trols with different smoking habits was examined by 
the non-parametric chi-square test, or Fischer’s exact 
test (two-tailed). Multivariate analyses, including gen-
der and age effects, were conducted with multiple lo-
gistic regression methods and estimates of conditional 
relative risk and 95% confi dence intervals (CI). Statis-
tical analyses were performed where all P-values were 
two-tailed, and p<0.05 was considered statistically 
signifi cant. To test for intervening factors, we perfor-
med a multivariate analysis using the Backward Wald 
logistic regression.

RESULTS

The 635 subjects included in this study, 398 SM and 
237 controls, had mean ages of 65.4 ± 8.9 years and 
64.1 ±10.3 years, respectively (p=0.111). Baseline and 
clinical characteristics between case-control subjects are 
presented in Tables 1 and 2. As expected, these charac-
teristics of MS and control subjects differed for several 
metabolic traits (Table 1) and metabolic risk factors (Ta-
ble 2). The MS group had higher systolic blood pressu-
re, diastolic blood pressure, glucose, total cholesterol 
and LDL-C, as well as lower HDL-c values, compared 
to the control group. Additionally, there was a higher 
prevalence of diabetes type II, obesity, dyslipidemia, 
hypertension and smoking addiction in the MS group.

Table 1. Baseline characteristics of metabolic syndrome and 
control subjects.

Variable Group Mean±SD p

Age (years) MS 65.4±8.9 0.111

Control 64.1±10.3

BMI (kg/m2) MS 29.4±4.4 0.590

Control 30.3±41.5

Waist circumference 
(cm) MS 94.2±10.9 0.511

Control 93.3±10.8

Systolic blood pressure 
(mmHg)

MS 144.7±27.9 ≥0.001

Control 128.7±30.2

Diastolic blood pressure 
(mmHg)

MS 80.7±12.4 0.013

Control 76.7±15.1

Glucose (mg/dL) MS 109.0±60.9 ≥0.001

Control 54.8±51.1

Total cholesterol (mg/dL) MS 203.8±65.1 ≥0.001

Control 99.8±95.3

Triglycerides (mg/dL) MS 165.3±86.3 ≥0.001

Control 59.9±67.6

HDL-cholesterol (mg/dL) MS 24.7±25.3 ≥0.001

Control 40.3±14.1

LDL-cholesterol (mg/dL) MS 105.6±70.3 ≥0.001

Control 49.2±59.8
SD = standard deviation; BMI= body mass index.
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In this study, 616 (97%) were genotyped for the 
894G>T NOS3 gene polymorphism and included in case-
control association analysis. Genotype frequencies in the 
general sample were TT= 9.3% (n=57), GG= 37.2 
(n=229) and TG= 53.6% (n=330), and the allelic fre-
quencies were T=0.36 and G= 0.64. The genetic fre-
quencies were in Hardy-Weinberg equilibrium (p=0.222). 
In the fi rst analysis, where we compared the genotype 
frequency distribution between case and control subjects, 
we did not fi nd any signifi cant differences (p=0.156). 
However, when we stratifi ed the sample by sex we obser-
ved a higher TT genotype frequency in the male SM 
group than in the control subject grouping in the same 
genotype category GG and TG (p=0.02) (Table 3). The-
refore, the association between 894G>T NOS3 gene 
polymorphism showed a recessive condition.

A multivariate analysis was performed to determine 
if the MS and TT genotype association in males was 
independent of other intervening variables. We inclu-
ded in the regression equation: age, diabetes type II, 
hypertension, dyslipidemia, obesity, smoking addiction 
and previous coronary disease. The signifi cance of MS 
and 894G>T NOS3 gene polymorphism association was 
maintained (p=0.025), therefore, this association was 
independent of these variables. The MS odds ratio for 
male TT subjects was 3.4 (1.1-10.1) times higher.

Additional analysis showed a positive association 
between hypertension and the TT genotype of 894G>T 
NOS3 gene polymorphism in females (p=0.02). In the 
389 females included in the study, 221 were hyperten-
sive and 168 were normotensive. The frequencies of 
894G>T NOS3 gene polymorphism genotypes in hy-
pertensive females were: TT= 27 (12.2%), GG= 74 
(33.5%), GT= 120 (54.3%), and in normotensive they 
were: TT=09 (5.4%), GG= 58 (34.5%), GT=101 
(60.1%). The multivariate analysis showed that this re-
sult was independent of diabetes mellitus type II, dys-
lipidemia, hypertension, obesity and just MS (p=0.02). 
The hypertension odds ratio for TT subject females was 
3.8 (1.2-11.4) times higher.

DISCUSSION

We report here, for the fi rst time, an association betwe-
en 894G>T NOS3 gene polymorphism and features of 
the metabolic syndrome in a Brazilian population living 

Table 2. Comparison of cardiovascular risk morbidities be-
tween metabolic syndrome and control subjects.

Risk factor MS
n (%)

Control
n (%)

OR (95% 
CI)

p

Diabetes 
type II

90 (22.6) 14 (5.9) 4.6 (2.6-8.4) ≥0.001

Dyslipidemia 253 (63.6) 20 (8.4) 18.9 
(11.5-31.2)

≥0.001

Obesity 195 (49.0) 48 (20.3) 3.8 (2.6-5.5) ≥0.001

Hypertension 278 (69.8) 83 (35.0) 4.3 (3.0-6.0) ≥0.001

Smoking 
addiction

66 (21.3) 26 (14.3) 1.6 (1.0-2.7) 0.054

Table 3. Distribution of allelic, genotypic and genotype combination frequencies in MS versus control subjects.

Gender Genotype/Allele MS Control p

Male TT 14 (13.7) 06 (4.9) 0.06

GG 40 (39.2) 55 (45.1)

TG 48 (47.1) 61 (50.0)

TT x (GG+TG) 14 (13.7) x 88 (86.3) 06 (4.9) x 116 (95.1) 0.02

T 0.37 0.30

G 0.63 0.70

Female TT 27 (9.6) 9 (8.3) 0.901

GG 94 (33.5) 38 (35.2)

TG 160 (56.9) 61 (56.5)

TT x (GG+TG) 27 (9.6) x 264 (90.4) 9 (8.3) x 99 (91.7) 0.698

T 0.38 0.37

G 0.62 0.63
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in the southernmost region. The effect observed was 
susceptibility when a recessive model of inheritance was 
assumed (TT X GT+GG). The biological plausibility of 
the data described here could be supported by epide-
miological and experimental evidence that suggest an 
association among lipid, blood pressure (29), glucose 
levels and modulation of NO levels (5,9,19). However, 
this association was sex-dependent, since it was evident 
in males, whereas females showed the TT genotype as-
sociation only with hypertension. 

Previous studies have described an association be-
tween metabolic syndrome factors and 894G>T gene 
polymorphism, such as those published by Gonzáles-
Sánchez and cols. (19) and Fernandez and cols. (20) 
However, a great number of the studies have been con-
ducted considering the association between the poly-
morphism studied here and one or two metabolic risk 
factors connected to MS, such as hypertension, diabe-
tes type II and dyslipidemia. Several of these studies 
found a positive association with MS and its diagnostic 
criteria, suggesting that 894G>T NOS3 gene polymor-
phism plays a functional role in MS pathogenesis. For 
example, we can cite a genetic study performed in 1577 
Brazilian subjects that showed evidence that 894G>T 
polymorphism is associated with hypertension risk only 
in individuals with total cholesterol above 209 mg/dL. 
The authors suggested that this NOS3 variant has an 
infl uence in blood pressure modulation dependent on 
lipid levels (30).

However, the number of studies suggesting that 
894G>T NOS3 polymorphism shows a differential suscep-
tibility that is sex-related is still incipient. A prospective 
study conducted by Tsao and cols. (31)., investigating 
the 894G>T NOS3 polymorphism as being predictive 
of glycemic status in a 5-year follow-up study of 256 
Chinese subjects with impaired glucose tolerance, 
found interesting results. A signifi cant and independent 
gene effect of this polymorphism on glycemic status at 
5 years was demonstrated, with male carriers of T(894) 
being more likely to have persistent hyperglycemia 
compared to GG subjects. Despite the differences in 
the methodological approaches and in ethnic origin of 
the samples (Chinese versus Caucasian Brazilian), the 
results described by Tsao and cols. (33) support the 
possible association between male susceptibility and the 
894G>T NOS3 polymorphism.

Additionally, considering our results where an as-
sociation was found between TT women and hyperten-
sion, a study recently reported by Periaswamy and cols. 

(32) found similar results. These authors investigated 
438 hypertensive patients and 444 healthy control sub-
jects in an Indian Tamilian homogeneous population. 
Similar to the results reported here, a positive associa-
tion was found between 894G>T NOS3 gene polymor-
phism and hypertension in females. The variant allele T 
was more frequent in female hypertensives when com-
pared to male hypertensive cases (22% vs. 16%). How-
ever, we need to determine if these differences also 
occur in other populations independent of ethnic ori-
gin and the biological causes of it.  

A possible major biological cause that could explain 
the differences found between males and females in the 
NOS3 susceptibility, and metabolic risks such as MS 
and hypertension, could be the differences in steroid 
hormone profi le. Clinical trials have revealed that es-
trogen may promote coronary heart disease, probably 
by increasing the risk of hypertension, despite earlier 
studies demonstrating that estrogen provided cardio-
vascular protection. To understand this phenomenon, 
new studies conducted in experimental models were 
performed. Brosnihan and cols. (33) hypothesized that 
the attenuation of estrogen levels by agonist-induced 
vasoconstrictor responses through the activation of 
NOS3, is impaired by hypertension. To test this hy-
pothesis the authors investigated the effects of 17beta-
estradiol (E(2)) replacement in normotensive 
Sprague-Dawley (SD) and (mRen2)27 hypertensive 
transgenic (TG) rats on contractile responses to three 
vasoconstrictors, angiotensin II (ANG II), serotonin 
(5-HT), and phenylephrine (PE), and on the modula-
tory role of vascular NO in these responses. The study 
was made in aorta isolated from ovariectomized SD 
and TG rats treated chronically with 5 mg E(2) or pla-
cebo (P). The results showed that the contribution of 
NO to the relative refractoriness of the vascular re-
sponses was dependent on the nature of the vasocon-
strictor and/or the presence of estrogen.

On the other hand, there is substantial evidence 
from epidemiological studies that estrogen has a bene-
fi cial role in pre-menopausal women, preventing vascu-
lar infl ammation and consequent atherosclerosis. 
Estrogen exerts its antiinfl ammatory effects on the vas-
culature through different mechanisms such as direct 
antioxidant effect, generation of nitric oxide, preven-
tion of apoptosis in vascular cells and suppression of 
cytokines and the renin-angiotensin system (34). Al-
though we did not fi nd any infl uence of age in the re-
sults described here, we cannot discard the notion that 
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the differences in MS susceptibility related to 894G>T 
NOS3 polymorphism could be explained by estrogen 
modulation, considering the reports in the literature. 

The results of our study should be interpreted in the 
context of  limitations such as: 1) We performed a case-
control study, therefore we cannot affi rm that after the 
investigation some control subjects did not have any 
coronary events. To avoid this bias it is important to re-
produce the data considering prospective investigations 
including comparison between coronary patients with-
out and with MS; 2) The control group used in the cur-
rent investigation was not submitted to coronary 
evaluation, but just to volunteers’ self-report and gen-
eral clinical analysis. As coronary examinations are inva-
sive, it is diffi cult to include truly healthy persons with a 
complete diagnostic screening for cardiovascular dys-
functions or asymptomatic diseases; 3) Additional bio-
chemical markers including NO and steroids levels were 
not determined. As we designed the study we did not 
know about the possible differential response between 
sexes, we believe that complementary investigations fo-
cusing the differential biomarkers associated with MS 
and 894G>T NOS3 polymorphism need to be per-
formed; 4) The investigation was made only in Cauca-
sian subjects, and therefore, the data cannot be considered 
as representative of the Brazilian population. The data 
obtained here need to be reproduced in other Brazilian 
geographical regions to confi rm that ethnic origin and 
miscegenation are not intervening variables.

Our data support previous notions that NO me-
tabolism plays a signifi cant role in the mechanistic in-
teraction between metabolic risk such as hypertension 
and MS, although there can be sex-related differences. 
Therefore, we believe that additional studies exploring 
the possible role of gene-gene, gene-environment and 
physiological variables related to sex physiology are 
needed and that our observations may have relevance 
in epidemiological and/or clinical implications.
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