
INTRODUCTION

Essential hypertension (EH) is one of the most common
diseases affecting humans worldwide and a major risk factor for
cardiovascular diseases, including stroke, myocardial infarction,
heart failure and coronary artery disease (1). It has been
recognized that number of patients with essential hypertension is
increasing, however, the reason for this increase remained
uncertain (2). Hypertension is thought to be a multifactorial
disease caused by environmental, metabolic and genetic
determinants (3). However, little is currently known on the
complex interplay between genetic, environmental and
metabolic factors and its implication for healthcare.

A rising prevalence of overweight and obesity is evident in
men and women, and obesity has been recognized as a major
public health problem (4, 5). Obesity is associated with a high
prevalence of hypertension (6, 7). However, not all obese

individuals are hypertensive, indicating that there is a
considerable variation in responses to metabolic dysregulation.
It can be hypothesized that interaction between obesity and
genetic factors involved in the regulatory pathways of blood
pressure plays a significant role in hypertension development in
obese individuals.

Obesity is a condition of increased adipose tissue mass.
Human adipose tissue expresses all components of the
renin/angiotensin system(RAS), including angiotensinogen,
angiotensin-converting enzyme (ACE) as well as AT1
(angiotensin type 1), and AT2 (angiotensin type 2) receptors (6, 8,
9). Moreover, there is evidence that obesity is associated with
endothelial cell dysfunction (10, 11), unbalanced circulating levels
of nitric oxide (NO) metabolites due to increased oxidative stress
(12), and decreased NO production (13). NO is a key paracrine
regulator of vascular homeostasis and NO bioavailability is
determined by a balance between NO biosynthesis by endothelial
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Hypertension is a multifactorial disease caused by environmental, metabolic and genetic factors, but little is currently
known on the complex interplay between these factors and blood pressure. The aim of the present study was to assess
the potential impact of obesity, and angiotensin-converting enzyme (ACE) I/D polymorphism and endothelial nitric
oxide synthase gene (NOS3) 4a/4b, G894Tand -T786C variants on the essential hypertension. The study group consisted
of 1,027 Caucasian adults of Polish nationality (45.5 ± 13.6 years old), of which 401 met the criteria for hypertension.
Body weight, height and blood pressure were measured and data on self-reported smoking status were collected. Fasting
blood glucose, total cholesterol, LDL-cholesterol, HDL-cholesterol, triglycerides were determined by standard
procedures. The ACE I/D polymorphism and three polymorphisms in NOS3 gene (4a/4b, G894T, -T786C) were detected
by the PCR method. Multivariable logistic regression demonstrated that age above 45 years, diabetes, dyslipidemia,
smoking and male sex are important risk factors for hypertension and no significant influence of variants in ACE and
NOS3 genes on this risk was recognized. Obese subjects had a 3.27-times higher risk (OR = 3.27, 95% CI: 2.37 – 4.52)
of hypertension than non-obese, and in obese the NOS3 894T allele was associated with 1.37 fold higher risk of
hypertension (P= 0.031). The distribution of NOS3 G894Tgenotypes supported the co-dominant (OR = 1.35, P= 0.034,
Pfit = 0.435) or recessive (OR = 2.00, P= 0.046, Pfit = 0.286), but not dominant model of inheritance (P= 0.100). The
study indicates that in obese NOS3 G894Tpolymorphism may enhance hypertension risk. However, in the presence of
such strong risk factors as age, diabetes and smoking, the impact of this genetic variant seems to be attenuated. Further
studies are needed to reveal the usefulness of G894Tpolymorphism in hypertension risk assessment in obese.
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NO synthase (eNOS) and its degradation (14). Reduction in NO
bioavailability may predispose to hypertension (15, 16) and
administration of NG-nitro-L-arginine methyl ester (L-NAME),
an inhibitor of NO synthesis, induces development of
hypertension in rats (17). NO contributes to vasodilation
(relaxation of vascular smooth muscle cells) and vascular tone
regulation. Besides dilating peripheral arteries, NO also mediates
dilation in the coronary microcirculation (18). Endothelium-
derived NO prevents leukocyte adhesion to endothelium, platelet
aggregation and adhesion as well as limiting the oxidation of
atherogenic low density lipoproteins (19, 20). NO also inhibits the
vasoconstrictive and inflammatory actions of angiotensin II (Ang
II) and endothelin-1 by down-regulating the syntheses of
angiotensin-converting enzyme (ACE), Ang II type 1 receptors,
and endothelin-1 in the endothelium (21). A functional imbalance
between NO and angiotensinII (Ang II) has been implicated in the
pathogenesis of hypertension and atherosclerosis (22).
Angiotensin II generation depends on activity of angiotensin
converting enzyme (ACE) (23). The insertion (I)/ deletion (D)
polymorphism (rs1799752) in ACE gene effects circulating ACE
plasma levels and activity (24). NO synthesis is controlled by
endothelial nitric oxide synthase gene (NOS3) (25). Three NOS3
gene polymorphisms; 4a/4b (rs61722009), G894T(rs1799983),
and -T786C (rs2070744), seem to increase a predisposition to
essential hypertension, however, the results of the association
studies are inconsistent (26-32) and ethnicity may influence this
association (33). In addition, there is a gap in data on the role of
interactions between variants in the genes encoding angiotensin
converting enzyme and endothelial nitric oxide synthase and
obesity in hypertension development.

The aim of the present study was to assess the impact of
obesity and polymorphisms in ACE and NOS3 genes on essential
hypertension development in adult Caucasians of Polish origin.

MATERIALS AND METHODS

Patients

The study protocol was approved by the Warsaw Medical
University’s Ethics Committee and the Ethics Committee at the
National Food and Nutrition Institute. All participants signed an
informed consent form after receiving an explanation of the
study’s objectives and methodology.

For the present study, 1,027 unrelated Caucasian adults of
Polish nationality, mean 45.5 ± 13.6 years old, were
consecutively recruited on the basis of clinical investigation
from subjects who had been directed to the Outpatient Clinic at
the National Food and Nutrition Institute in Warsaw, for a
routine general health screening, and from subjects admitted to
the Orlowski Hospital of Warsaw due to obesity and prior to
bariatric surgery. Exclusion criteria from the study were as
follows: acute endocrine dysfunction, chronic kidney and liver
disease, and alcoholism.

Experimental procedures

All subjects underwent a comprehensive medical evaluation
including clinical history, physical examination and
anthropometric parameters. Blood pressure (BP) was measured
with a standard mercury sphygmomanometer as in normal
clinical practice. The sphygmomanometer cuff with appropriate
cuff size was placed on the left arm of the participants while
seated with his/her arm at heart level. Two readings of the
systolic and diastolic blood pressure, with a 5 minute interval
between them, were taken after at least 10 minutes of rest, and
the average of the two readings was used for analysis. Subjects

with SBP≥ 140 mmHg and DBP≥ 90 mmHg on examination
were considered as hypertensive according to JNC-VII (1). The
eligibility criteria for inclusion in the hypertension group were:
an average blood pressure ≥ 140/90 mmHg, a previous diagnosis
of hypertension, and/or self-reported use of antihypertensive
medication. Height was measured in centimeters while the
subject was standing barefoot and in a normal, straight posture.
Body weight was measured in kilograms while the participants
wore light clothing and no shoes using a standardized digital
scale. The subjects also were asked to remove any objects from
their pockets. Body mass index (BMI) was calculated as the ratio
of weight (kilograms) to the square of height (meters). Obesity
was classified according to World Health Organization criteria
(34) and subjects with BMI ≥ 30 kg/m2 were considered obese.

Overnight peripheral fasting blood samples were taken from
all subjects in commercially available vacuum tubes and analyzed
on the same day. Standard assays were used to measure serum
concentrations of total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), triglycerides (TG) and glucose. The low-
density lipoprotein-cholesterol (LDL-C) levels were calculate
using Friedewald formula (35). Dyslipidemia was defined based
on the medical diagnosis according to the National Cholesterol
Education Program-Adult Treatment Panel III (TG > 200, TC ≥
240 mg/dL, and HDL-C < 40 mg/dL) (36). Patients were
classified as diabetics based on the review of medical records
(diagnosis of diabetes and requiring antidiabetic treatment) and as
pre-diabetics when impaired fasting glucose (IFG) or impaired
glucose utilization was diagnosed by a physician. All participants
completed a questionnaire concerning smoking habits. Smoking
status was categorized as ‘never a smoker’, ‘current smoker’, and
‘former smoker’.

Genomic DNA was extracted from peripheral blood
leukocytes using the Blood Mini genomic DNApurification kit
(A&A Biotechnology) according to the manufacturer’s
instructions. DNAconcentration and purity were determined with
Quawell Q5000 micro-volume UV-Vis spectrophotometer,
measuring absorbance ratios of 260 nm/280 nm. High quality
DNA was considered to have an A260/A280 ratio of 1.85 – 2.10.
The ACE I/D polymorphism and polymorphisms in NOS3 gene
(4a/4b, G894T) and were determined by the PCR method and by
agarose gel electrophoresis. The promoter NOS3 -T786C variant
was assessed with Taqman Genotyping Assay (LifeTechnologies)
by using the ViiA7 real-time PCR system (Applied Biosystems).

Genotyping of the angiotensin-converting enzyme I/D
polymorphism

The procedures for the identification of the polymorphic
region of the ACE gene described in detail by Lindpaintner et al.
(37) were used. The expected insertion (I) and deletion (D)
alleles were visualized after electrophoresis on a 1.5% agarose
gel and ethidium bromide staining under UVlight
transillumination. Sense and anti-sense primers were 5’-
GCCCTGCAGGTGTCT GCAGCATGT-3’ and 5’-
GGATGGCTCTCCCCGCCTTGTCTC-3. To exclude
preferential amplification of the D allele, each sample was
retyped in a second, independent PCR amplification with a
primer pair that recognizes an insertion-specific sequence (5’-
TCG CCA GCC CTC CCATGC CCA TAA-3’ and 5’-TGG
GAC CAC AGC GCC CGC CAC TAC-3’) (37). The PCR
product yields 335-bp only in the presence of an I allele, and no
product in samples homozygous for DD.

Genotyping of the NOS3 4a/4b polymorphism

The 27-bp repeat polymorphism in intron 4 of the NOS3
gene (NOS3 4a/4b polymorphism) was analyzed by PCR
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amplification. PCR was performed with the primers 5’-
CTATGGTAGTGCCTTGGCTGGAGG-3’ (sense) and 5’-
ACCGCCCAGGGAACTCCGCT-3 (antisense) (38). The
amplified products were analyzed by electrophoresis on a 3%
agarose gel containing ethidium bromide and visualized under
UV light. The common allele (4b) amplicon size was 210 bp,
whereas the rare allele (4a) amplicon size was 183 bp.

Genotyping of the NOS3 G894T polymorphism

The G894Tpolymorphism (rs1799983) was assessed by
polymerase chain reaction (PCR) amplification of exon 7 with
the following flanking primers; sense 5-CAT GAG GCT CAG
CCC CAG AAC-3 and antisense 5 -AGTCAA TCC CTTTGG
TGC TCAC-3. The size of PCR product was 206 bp, followed
by restriction endonuclease MboI digestion for 16 h at 37°C and
separated by electrophoresis on 2.5% agarose gel and visualized
after ethidium bromide staining under ultraviolet light. In the
presence of a T at nucleotide 894 corresponding to Asp298, the
206-bp PCR product was cleaved into two fragments of 119 and
87 bp; the presence of a G (Glu298) removed the restriction site
resulting in a fragment of 206 bp (31).

Genotyping of the NOS3 -T786C polymorphism

The promoter -T786C gene variant of NOS3 gene was
assessed using Taqman Genotyping Assay (Life Technologies).
Genotyping of polymorphism-T786C (rs2070744) was
performed by TaqMan allelic discrimination real-time PCR with
allele-specific Taqman probes and sequence-specific primers
obtained from Life Technologies. The genotyping experiments
were carried out using real-time PCR Viia7 system. The allelic
discrimination plot was analyzed by Viia7 software (Applied
Biosystems; Life Technologies).

About 25% of all samples were randomly selected for
repeated genotyping (ACE I/D and NOS3 4a/4b, G894T, -T786C)
for confirmation. Concordance between repeats was 100%.

Statistical analysis

Data was analyzed with the use of Statistica 10.0 and R 3.1.
The summary statistics contain mean ± standard deviation (S.D.)
for continuous variables and number of cases (percentage) for
qualitative variables. The comparison of hypertensive and
normotensive groups was performed with chi-square test for
qualitative variables and Student t-test or Mann-Whitney test for
continuous variables (depending on normality, which was
verified with the use of Kolmogorov-Smirnov test). For skewed
continuous variables the log-transformation was considered.

Variables that were significantly related with hypertension in
univariate analyses were then included to the multivariate logistic
regression model. Qualitative variables were coded as 0 – 1
dummy variables. Results from the logistic regression model are
presented as odds ratios (OR) with 95% confidence interval (CI).
Allele frequencies for NOS3 and ACE variants were calculated
with the gene counting method. Hardy-Weinberg equilibrium
(HWE) was determined by Pearson’s χ2 goodness-of-fit test. The
significance of deviations of observed genotype frequencies from
those predicted by the Hardy-Weinberg equation were evaluated
with chi-square tests in the hypertensive and normotensive groups.
A link between the NOS3 G894T polymorphism and essential
hypertension in obese subjects was determined by using
codominant, recessive and dominant models of inheritance.
Differences in minor allele frequencies and genotype distributions
among hypertensive and normotensive obese patients with
corresponding odds ratios (OR) and the 95% confidence interval
(CI) were analyzed by likelihood ratio tests with calculation of the

p value by Chi-square (χ2) approximation to its distribution using
Web-Assotest program (http://www.ekstroem.com). P-values for a
model fit (Pfit) were calculated and Pfit < 0.05 indicated that given
model of inheritance should be rejected. Power calculation was
performed using a genetic power calculator (39). Our study could
detect with power > 80% (α = 0.05) the allelic association
conferring OR = 1.37. In all analyses, relations with a P-value
below 0.05 were considered significant.

RESULTS

Clinical and biochemical characteristics for studied subjects
are presented in Table 1. Essential hypertension was recognized
in 401 participants (39%). Average body mass index (BMI) was
significantly different between groups with and without
hypertension (37.5 ± 8.1 kg/m2 versus 28.2 ± 7.2 kg/m2, P <
0.0001). When the BMI was transformed into a quantitative
variable with cut offs at 25, 30, 35 and 40, it was found that
15.5% of hypertensive group and only 8.1% of normotensive
group had a BMI in the 35 – 39.9 range. Also, a BMI above 40
kg/m2 occurred more frequently in subjects with hypertension
(26.4%), compared to the normotensive group (7.7%) (Table 1).

Among the hypertensive participants, almost 70% (270 of
401) were obese (BMI ≥ 30), as opposed to 36% of the obese
participants in the normotensive group (P< 0.0001). Obese
compared to non-obese had a 3.6-fold higher chance (OR = 3.6;
95% CI = 2.76 – 4.69) of having hypertension (Table 2). It was
recognized that 53% of the hypertensive participants were
current or former smokers, as opposed to 32% of normotensive
participants (P< 0.0001). A higher proportion of hypertensive
individuals was recognized among former smokers (29.1%)
compared to current smokers (23.9%, P= 0.0118) and former
smokers had higher odds of hypertension than current smokers
(OR = 1.64; 95% CI = 1.15 – 2.42). Both current and former
smokers had a 2.38 higher odds of having hypertension than
those that never smoked (OR = 2.38; CI = 1.83 – 3.08) (Table 2).
However, the presence of the assessed risk alleles was not
associated with increased risk for hypertension in current or
former smokers (data not shown).

Among the hypertensives, the prevalence of subjects aged 45
– 59.9 was significantly higher than among normotensives
(46.6% versus 29.4%). On the contrary, the proportion of
participants aged 30.0 – 44.9 years was significantly higher in
the normotensive group when compared to the hypertensive
group (41.0% versus 26.0%, respectively; P< 0.0001). The odds
of hypertension were 2.5 times higher among subjects aged 45 –
59.9 years than among participants aged 30 – 44.9 years (OR =
2.51; CI = 1.85 – 3.41). About 64% of study participants aged >
60 years (98 from 154) and only 8% of subjects aged < 30 years
(12 from 141) had hypertension (P< 0.0001) (Table 1). The
prevalence of hypertension was 3.95 higher among subjects
above 45 years than among subjects younger than 45 years (OR
= 3.95; CI = 1.97 – 3.02) (Table 2).

In the total number of subjects (n = 1,027) the frequency of
hypertension was significantly higher in males than in females
(48.0% versus 34.3%, P< 0.0001) and males compared to
females had a 77% higher chance (OR = 1.77; 95%, CI = 1.36
– 2.30) of having hypertension (Table 2). The presence of risk
alleles was not associated with increased risk for hypertension
in men (data not shown). The higher prevalence of
hypertension among men than among women was seen in
subjects younger than 30 years (20.4% versus 3.1%; P=
0.0006) in subjects aged 30 – 44.9 years: (41.7% versus 21.8
%; P < 0.0001), and in the group of 45 – 59.9 years (58.0%
versus 45.9%, P= 0.0167). However, among subjects older
than 60 years the prevalence of hypertension was non-
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significantly higher in women than in men (66% hypertensive
females versus 59% hypertensive males, P= 0.407).

Hypertensive subjects were characterized by significantly
higher serum glucose and triglycerides (P< 0.001), and
significantly lower high-density lipoprotein cholesterol
concentrations (P< 0.0001) than non-hypertensive subjects
(Table 1). The prevalence of diabetes mellitus, and dyslipidemia
were significantly higher in hypertensives than in normotensives
(P < 0.001; Table 2). Variables that were significant in
univariable models, i.e. obesity, diabetes, dyslipidemia, age,
smoking status, and sex, were then combined in the
multivariable logistic regression model. The results presented in
Table 2 showed that all these variables were still significantly
associated with hypertension, however, in the crude model
diabetes was the strongest risk factor, while in the adjusted
model age > 45 years appeared as the strongest one.

The distribution of ACE I/D (P = 0.183), NOS3 4a/4b (P=
0.683), NOS3 -T786C (P= 0.19) and NOS3 G894T(P = 0.06)
genotypes in the study group were in Hardy-Weinberg
equilibrium (HWE). Genotype distributions and allele
frequencies of the ACE I/D, NOS3 4a/4b, G894Tand -T786C
variants in patients with and without hypertension were
summarized in Table 3. In the total number of subjects (n =
1,027) no significant differences in genotype and allele

distributions between hypertensives and normotensives were
found.

Out of a total 1,027 participants, 498 (48.5%) were obese.
The presence of risk alleles, i.e. ACE D, NOS3 4a and NOS3 C-
786, was not associated with increased risk for hypertension in
both obese and non-obese subjects (Table 4). However, in
obese individuals NOS3 T894 allele was associated with 1.37
fold higher risk of hypertension (OR = 1.37, P= 0.031). In
addition, the distribution of NOS3 G894Tgenotypes supported
the co-dominant (OR = 1.35, P= 0.034, Pfit =0.435) or
recessive (OR = 2.00, P= 0.046, Pfit = 0.286), but not dominant
model of inheritance (P= 0.100, Table 5). The association
between T894 homozygosity and hypertension in obese
subjects did not persist (P= 0.38, Table 6) when aged above 45
years, diabetes, obesity, dyslipidemia, smoking status, and
male sex were taken into account.

DISCUSSION

Among various genes of the regulatory pathways of blood
pressure, the endothelial NO synthase gene (NOS3) and
angiotensin converting enzyme gene (ACE) appear relevant,
however, inconsistent data on the association between ACE and
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Variables 
Total 

n = 1027 

Hypertensives 

n = 401 

Normotensives 

n = 626 
*P-value 

Age in years (mean ± S.D.) 45.5 ± 13.6 51.9 ± 12.3 41.5 ± 12.7 < 0.001 

Age (n, %)  

< 30  

30 – 44.9  

45 – 59.9  

60 and above  

 

141 (13.7) 

361 (35.1) 

371 (36.2) 

154 (15.0) 

 

12 (3.0) 

104 (26.0) 

187 (46.6) 

98 (24.4) 

 

129 (20.6) 

257 (41.0) 

184 (29.4) 

56 (9.0) 

 

< 0.0001 

Sex, n (%) 

Male  

Female  

 

354 (34.5) 

673 (65.5) 

 

170 (48.0) 

231 (34.3) 

 

184 (52.0) 

442 (65.7) 

 

< 0.0001 

 

BMI (mean ± S.D.) 30.6 ± 8.2 37.5 ± 8.1 28.2 ± 7.2 < 0.0001 

BMI (n, %)  

< 25 

25 – 29.9  

30 – 34.9 

35 – 39.9  

and above 40 

 

284 (27.6) 

245 (23.9) 

231 (22.5) 

113 (11.00) 

154 (15.00) 

 

43 (10.7) 

88 (22.0) 

102 (25.4) 

62 (15.5) 

106 (26.4) 

 

241 (38.5) 

157 (25.1) 

129 (20.6) 

51 (8.1) 

48 (7.7) 

 

 

< 0.0001 

Obesity, n (%) 

Obese (BMI  30) 

Non-obese 

 

498 (48.5) 

529 (51.5) 

 

270 (67.3) 

131 (32.7) 

 

228 (36.4) 

398 (63.6) 

 

< 0.0001 

 

Smoking status, n (%) 

Never  

Current smoker  

Former smoker  

 

612 (59) 

212 (21.0) 

203 (20.0) 

 

188 (47.0) 

96 (23.9) 

117 (29.1) 

 

424 (67.8) 

116 (18.5) 

86 (13.7) 

 

 

< 0.0001 

 

Mean systolic BP (mmHg) 126.0 ± 15.8 135.5 ± 15.9 119.3 ± 12.1 < 0.0001 

Mean diastolic BP (mmHg) 78.6 ± 10.7 83.0 ± 11.6 75.73 ± 8.9 < 0.0001 

Serum lipids (mg/dL) 

Total cholesterol  

LDL-C (mg/dL)  

HDL-C (mg/dL)  

TG (mg/dL)  

 

198.3 ± 41.6 

118.8 ± 36.0 

52.0 ± 14.8 

134.4 ± 85.7 

 

200.8 ± 44.9 

120.5 ± 39.1 

47.4 ± 13.3 

164.2 ± 97.2 

 

196.7 ± 39.3 

117.7 ± 33.9 

54.9 ± 15.0 

115.2 ± 71.2 

 

0.1256 

0.2442 

< 0.0001 

< 0.0001 

Blood glucose (mg/dL)  96.2 ± 27.6 107.5 ± 36.1 87.4 ± 13.1 < 0.0001 

Diabetes, n (%) 

Yes 

No 

Pre-diabetes 

 

100 (9.8) 

902 (87.8) 

25 (2.4) 

 

83 (83) 

297 (33) 

21 (84) 

 

17 (17) 

605 (67) 

4 (16) 

 

 

< 0.0001 

 

Table 1. Clinical and biochemical characteristics of the study participants (n = 1027). * Chi-square, Mann-Whitney test or t-test were
performed where appropriate.



NOS3 genetic variants and hypertension risk have been published
(28, 40, 41). We found that in the whole study group the ACE I/D,
NOS3 4a/4b, G894Tand -T786C variants were not associated
with an increased prevalence of hypertension, while the
prevalence of specific genetic variants was in line with their
frequencies in other European populations (42, 43). As essential

hypertension is a multifactorial disease, the association between
hypertension and variants in the endothelial nitric oxide synthase
and angiotensin-converting enzyme genes can be modulated by
multiple factors. In a number of epidemiological studies essential
hypertension was found to be present in over 60% of obese
individuals (44). In this report the multivariable logistic regression
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Variable 
Hypertensives  

(n = 401) 

Normotensives 

(n = 626) 

Unadjusted
a
 

OR 

[95% CI] 

P-value
a Adjusted

b
 OR

[95% CI] 
P-value

b
 

Age above 45 years, 

n (%) 

285 (71.1) 240 (38.3) 3.95  

[1.97 – 3.02] 

<0.0001 4.79  

[3.47 – 6.61] 

<0.00001

Male sex,  

n (%) 

170 (42.4) 184 (29.4) 1.77 

[1.36 – 2.30] 

<0.0001 1.62  

[1.18 – 2.24] 

0.00303 

Obesity,  

n (%) 

270 (67.3) 228 (36.4) 3.60  

[2.76 – 4.69] 

<0.0001 3.27 

[2.37 – 4.52] 

<0.00001

Smoking at any time,  

n (%) 

213 (53.1) 202 (32.3) 2.38  

[1.84 – 3.08] 

<0.0001 1.93 

[1.42 – 2.62] 

0.00003 

Dyslipidemia,  

n (%) 

101 (25.2) 56 (8.9) 3.43 

[2.40 – 4.89] 

<0.0001 2.04 

[1.33 – 3.13] 

0.001 

Diabetes,  

n (%) 

83 (20.7) 17 (2.7) 9.95 

[5.79 – 17.06] 

<0.0001 3.40  

[2.18 – 5.30] 

<0.00001

Table 2. Crude and adjusted estimations for hypertension. OR, odds ratio; CI, confidence interval. a crude logistic regression model;
b multivariable logistic regression analysis adjusted for age, sex, obesity, smoking status, dyslipidemia and diabetes.

 

 Total 

n = 1027 

Hypertensives  

n = 401 

Normotensives  

n = 626 
P-value 

Genotypes  n (%) n (%) n (%)  

ACE I/D     

DD 219 (21) 88 (22) 131 (21)  

D/I 535 (52) 209 (52) 326 (52) 0.896 

I/I 273 (27) 104 (26) 169 (27)  

Alleles     

D 986 (0.48) 385 (0.48) 588 (0.47) 
0.647 

I 1081 (0.52) 417 (0.52) 664 (0.53) 

NOS3 4a/4b     

4a/4a  41 (4) 16 (4) 25 (4)  

     

4a/4b  322 (31) 128 (32) 194 (31) 0.951 

4b/4b  664 (65) 257 (64) 407 (65)  

Alleles     

4a 404 (0.20) 160 (0.20) 244 (0.19) 
0.791 

4b 1650 (0.80) 642 (0.80) 1008 (0.81) 

NOS3 G894T     

T/T (Asp/Asp) 82 (8) 32 (8) 50 (8)  

T/G (Asp/Glu)  373 (36) 148 (37) 225 (36) 0.951 

G/G (Glu/Glu)  572 (56) 221 (55) 351 (56)  

Alleles     

T 537 (0.26) 212 (0.26) 325 (0.26) 
0.806 

G 1517 (0.74) 590 (0.74) 927 (0.74) 

NOS3-T786C     

C/C 156 (15) 56 (14) 100 (16)  

T/C 461 (45) 185 (46) 276 (44) 0.644 

T/T 410 (40) 160 (40) 250 (40)  

Alleles     

C 773 (0.38) 297 (0.37) 476 (0.38) 
0.655 

T 1281 (0.64) 505 (0.63) 776 (0.62) 

 

Table 3. Distribution of genotypes and alleles frequencies of the ACE I/D, NOS3 4a/4b, G894Tand -T786C polymorphisms across
hypertensive and normotensive study participants. Chi-square test was performed.
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Alleles  Group Normotensives 

n (%) 

Hypertensives 

n (%) 
P-value 

ACE I/D     

D Obese 219 (0.48) 254 (0.47) 
0.752 

I  237 (0.52) 286 (0.53) 

D Non-obese 369 (0.46) 131 (0.5) 
0.306 

I  427 (0.54) 131 (0.5) 

NOS3 4a/4b     

        4a Obese 100 (0.22) 113 (0.21) 
0.699 

        4b  356 (0.78) 427 (0.79) 

4a Non-obese 144 (0.18) 47 (0.18) 
1.000 

4b  652 (0.82) 215 (0.82) 

NOS3 G894T     

T Obese 105 (0.23) 157 (0.29) 0.031 

 G  351 (0.77) 383 (0.71) 

T Non-obese 220 (0.28) 55 (0.23) 0.033 

 G  576 (0.72) 207 (0.77) 

NOS3-T786C     

C Obese 173 (0.38) 205 (0.38) 
1.00 

T  283 (0.62) 335 (0.62) 

C Non-obese 303 (0.38) 92 (0.35) 
0.393 

T  493 (0.62) 170 (0.65) 

 

Table 4. Frequency of risk alleles of angiotensin-converting enzyme and endothelial nitric oxide synthase genes across hypertensive
and normotensive study participants with and without obesity. Chi-square test was performed.

 
 Allelic 

comparison 

Dominant 

model 

Co-dominant 

model 

Recessive 

model 

Cohort NOS3 G894T genotypes 

n (%) 
HWE 

 
TT/TG vs. GG 

TT vs.TG  

vs. GG 
TT vs. TG/GG 

GG GT TT  

OR  

[95% CI] 

P 

OR 

[95% CI]  

P, Pfit 

OR 

[95% CI] 

P, Pfit 

OR 

[95% CI] 

P, Pfit 

Hypertensives 

 
140 (52) 

103 

(38) 

27 

(10) 
0.218 1.37  

[1.03 – 1.82] 

0.031 

1.35 

[0.99 – 1.92] 

0.10, 0.12 

1.35 

[1.02 – 1.79] 

0.034, 0.435 

2.00 

[0.99 – 4.04] 

0.046, 0.286 
Normotensives 

 
135 (59) 

81 

(36) 

12 

(5) 
0.974 

 

Table 5. Genotype distribution of the NOS3 G894Tpolymorphism in obese subjects and analysis of the association between essential
hypertension. G = wild type; T = polymorphic; OR, odds ratio; CI, 95% confidence interval for the OR, HWE, Hardy-Weinberg
equilibrium

Variable 
Hypertensives 

(n = 270) 

Normotensives 

(n = 228) 

Unadjusted
a
 OR  

[95% CI] 
P-value

a 
Adjusted

b
  

OR  

[95% CI] 

P-value
b
 

Age above 45,  

n (%) 

175  

(64.8) 

78  

(34.2) 

3.55  

[2.45 – 5.13] 

<0.0001 3.82  

[2.50 – 5.84] 

<0.00001 

Male sex,  

n (%) 

118  

(43.7) 

67  

(29.4) 

1.86  

[1.28 – 2.71] 

0.0010 1.74  

[1.12 – 2.70] 

0.01281 

Smoking at any 

time, n (%) 

145  

(53.7) 

81  

(35.5) 

2.10  

[1.47 – 3.02] 

<0.0001 2.09  

[1.36 – 3.20] 

0.00071 

Dyslipidemia,  

n (%) 

78  

(28.9) 

35  

(15.3) 

2.18  

[1.39 – 3.41] 

0.0006 1.73  

[1.04 – 2.89] 

0.03472 

Diabetes,  

n (%) 

74  

(27.4) 

11  

(4.8) 

8.18  

[4.21 – 15.91] 

<0.0001 3.60  

[2.19 – 5.92] 

<0.00001 

NOS3 TT genotype, 

n (%) 

27  

(10.0) 

12  

(5.2) 

2.00  

[0.99 – 4.04] 

0.046 1.41  

[0.62 – 2.96] 

0.37874 

Table 6. Crude and adjusted estimations for hypertension among obese subjects. OR, odds ratio; CI, confidence interval; a crude
logistic regression model; b multivariable logistic regression analysis adjusted for age, sex, smoking, dyslipidemia, diabetes and NOS3
T894Tgenotype.



revealed that obese had higher chance of hypertension than non-
obese. In addition, the univariate logistic regression analysis
showed that among obese NOS3 GT894T polymorphism was
associated with increased risk of hypertension. Similar data were
found in a small group of Chinese subjects (45). Moreover, higher
systolic and diastolic blood pressure was reported for TT
homozygotes of G894Tand CC homozygotes of -786C/Tvariants
in NOS3 gene as compared to carriers of other NOS3 variants in
young healthy individuals without history of hypertension from
Czech population (46). In addition, it has been suggested that TT
genotype of G894Tpolymorphism leads to susceptibility to
proteolytic cleavage in endothelial cells and vascular tissues and
results in reduced levels of functional eNOS and subsequently
reduced levels of NO (47).Randomized controlled trials
demonstrate that weight loss can effectively contribute to
reduction in blood pressure (48, 49). It is postulated that the
observed nowadays rise in BMI on population level may reduce or
even reverse the observed decline in myocardial infarction
incidence and coronary heart disease mortality (50), and the
influence of obesity on hypertension may play a crucial role.
Among various hypotheses which have been proposed to explain
the development of hypertension in obese subjects,endothelial
dysfunction mediated by oxidative stress and inflammation might
be a key factor (6, 44). In obese subjects an excessive amount of
visceral adipose tissue is associated with the inappropriate
secretion of proinflammatory cytokines, chemokines, adipokines
and growth factors (51). Many of them impair endothelial cell
function and contribute to a variety of cardiovascular diseases (6).
Enhanced levels of IL6 and TNF-α have been found in obese
subjects (52) and a correlation between IL-6, body mass index,
and arterial blood pressure in men with essential hypertension was
reported (53). In addition, TNF-α enhances mRNAdegradation of
endothelial nitric oxide synthase, resulting in NO deficiency and
endothelial dysfunction (54, 55). Even minor endothelial
disturbances, such as decreased NO production, increased
expression of cellular adhesion molecules, and adherence of
leukocytes to the endothelium, could have significant implications
for the initiation, development and progression of hypertension
and atherosclerosis (56).The observed lack of association
between the NOS3 polymorphisms and essential hypertension
might be due to the fact that many subjects, both with and without
the risk alleles, had increased risk of hypertension due to nicotine
smoking, older age, male sex, BMI higher than 30 kg/m2, diabetes
and dyslipidemia. The adjusted statistical analysis indicates that
the influence of these factors on hypertension development is
much stronger than the influence of 894Thomozygosity in NOS3
gene. However, it cannot be ruled out that in an environment
highly conducive to the development of hypertension, personal
genetic profile may still influence disease development.

Hypertension is highly prevalent in Poland, and about 42%
men and 33% women aged 20 – 74 years were recognized as
hypertensive in an epidemiological study (57). In the total number
of subjects (n = 1 027) participating in the current study the
frequency of hypertension was significantly higher in males than
in females (48% versus 34%). These results also correspond to the
findings from the ‘National Heart Program’directed against high
blood pressure and cardiovascular diseases in Poland (NATPOL
PLUS) (58), which concluded that the awareness, detection and
control of hypertension is much worse in men than in women. In
the current study, a higher prevalence of hypertension in men
compared to women was seen in subjects younger than 60 years,
which is consistent with estrogen’s possible protection against
hypertension before menopause due to its cardioprotective effect
(59). Our results also indicate that the prevalence of hypertension
among participants older than 60 years was slightly higher in
women than in men. This finding in women corresponds to the
menopause and lower estrogen levels. In addition, 64% of study

participants aged > 60 years had hypertension. Our results are
consistent with the fact that hypertension increases with age, and
with aging the hypertension risk increases unless healthy lifestyle
is followed (60). Cigarette smoking is a well-recognized risk
factor for hypertension and atherosclerosis (61, 62). Data suggest
that the free radical components of cigarette smoke may be
responsible for the morphological and functional damage to the
endothelium (63) and hypertensive smokers are more likely to
develop severe forms of hypertension (64). Moreover, chronic
smoking increases blood pressure by affecting arterial stiffness
(65). In our study, smoking at any time increased the risk of
hypertension, and, similar to previous findings (61, 62), a higher
proportion of hypertensive individuals was recognized among
former smokers compared to current smokers. Tobacco smoking
increases blood pressure acutely (66), but in accordance with
epidemiological studies and hypertension paradox, we found that
former smokers were more likely to be hypertensive than current
smokers. In the present study no influence of interaction between
smoking and genetic variants on hypertension risk was
recognized. In Indian population the influence of smoking and
alcohol intake on the risk of hypertension was dependent on the
NOS3 genotypes including G894Tvariants (67). However,
differences in lifestyle and ethnic differences between Indian and
Polish population should be taken into account. Diabetes, obesity
related dyslipidemia and hypertension frequently occur together
(68, 69). The present study shows that diabetes and dyslipidemia
significantly increase the risk of hypertension. Insulin resistance
associated with obesitymay cause sympathetic overactivity, and
by influencing the activity of the RAA system, may increase
intrarenal pressures due to increased sodium and water retention
(70, 71). The dysfunction of the RAAaxis leads to increased
intravascularfluid volume and systemic vasoconstriction (6).

Some limitations of our work should be taken into
consideration. Dietary habits and physical activity were not
evaluated. This work was based on a limited number of
hypertensive patients as well as obese subjects younger than 30
years. We did not measure eNOS activity or NO concentrations
to prove the biological effect of NOS3 G894Tpolymorphism.

In conclusion, the present study results indicate that in obese
NOS3 894Tallele may enhance hypertension risk. However, in
the presence of such strong risk factors as age, diabetes and
smoking, the impact of this genetic variant seems to be
attenuated. Further studies are needed to reveal the usefulness of
G894Tpolymorphism in hypertension risk assessment in obese.

Abbreviations: ACE, angiotensin-converting enzyme; BMI,
body mass index; BP, blood pressure; CI, confidence interval;
eNOS, endothelial nitric oxide synthase; EH, essential
hypertension; NOS3, endothelial nitric oxide synthase gene; OR,
odds ratio
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