
Cardiovascular prevention

Basic research

Corresponding author:
Haroldo da Silva Ferreira
Faculty of Nutrition
Federal University 
of Alagoas
Av. Pilar 550
Cruz das Almas
57038-430 Maceió
Alagoas, Brazil
Phone: +55 82 98853-8243
E-mail:  
haroldo.ufal@gmail.com

1Faculty of Nutrition, Federal University of Alagoas, Maceió, AL, Brazil
2 Postgraduate Program in Health Sciences of the Institute of Biological and Health 
Sciences, Federal University of Alagoas, Maceió, AL, Brazil

Submitted: 4 December 2018 
Accepted: 18 March 2019

Arch Med Sci Atheroscler Dis 2019; 4: e63–e73
DOI: https://doi.org/10.5114/amsad.2019.84539
Copyright © 2019 Termedia & Banach

Prevalence of endothelial nitric oxide synthase (ENOS) 
gene G894T polymorphism and its association with 
hypertension: a population-based study with Brazilian 
women 

Abel Barbosa Lira Neto1,2, Myrla C. O. Farias1,2, Nancy B. R. Vasconcelos1, Antonio F. Xavier Jr2, 
Monica L. Assunção1, Haroldo S. Ferreira1

A b s t r a c t

Introduction: Hypertension is one of the most prevalent diseases in the 
world, accounting for millions of deaths each year. The reduction in the con-
centration of nitric oxide (NO) produced by the catalysis of endothelial nitric 
oxide synthase (eNOS) is associated with higher blood pressure (BP) levels. 
This reduction might be because of genetic polymorphisms. This study in-
vestigated the prevalence of the eNOS gene G894T polymorphism in women 
from northeast Brazil and its association with hypertension.
Material and methods: This cross-sectional study included 810 women 
(aged 19–49 years). Sociodemographic, health, anthropometric, and BP data 
were collected. Hypertension was defined according to the following crite-
ria: systolic BP ≥ 140 mm Hg, diastolic BP ≥ 90 mm Hg, the regular use of 
antihypertensive medication, or some combination thereof. Epithelial cells 
from the cheek mucosa were obtained for DNA extraction. Genotyping was 
performed via real-time PCR. The measure of association was the prevalence 
ratio (PR) and its 95% CI as calculated via Poisson regression. 
Results: The frequencies of the GG, GT, and TT genotypes were 57.1%, 35.7%, 
and 7.2%, respectively. For each of these genotypes, the prevalence of hyper-
tension in women was 17.9%, 23.6%, and 34.4%, respectively. Relative to 
the GG genotype, the PRs after adjusting for cofounding factors were 1.24  
(95% CI: 0.95–1.61, p = 0.11) for GT and 1.76 (95% CI: 1.16–2.67, p < 0.01) for TT.
Conclusions: The T allele of the G894T polymorphisms is associated with hy-
pertension in women. This may have implications for prevention and treat-
ment.
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Introduction

Hypertension is one of the most prevalent diseases in the world, ac-
counting for 9.4 million deaths each year [1]. This condition is often as-
sociated with metabolic disorders as well as functional and structural al-
terations of target organs. Furthermore, it is aggravated by the presence 
of other risk factors such as dyslipidemia, abdominal obesity, glucose 
intolerance, and diabetes [2].
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Because of its high prevalence and multifac-
torial etiology, it is important to understand the 
dynamics of the risk factors associated with hy-
pertension, especially the hereditary component, 
which might explain approximately 45% of all cas-
es of high blood pressure (BP) [3]. Thus, research 
interest regarding identification of the genetic 
polymorphisms associated with hypertension has 
grown [4]. These polymorphic differences include 
those of the gene of the endothelial nitric oxide 
synthase (eNOS) enzyme, which is involved in the 
production of nitric oxide (NO) from the oxidation 
of L-arginine. The NO is a free radical that acts in 
the vasodilation process and regulation of vascu-
lar tone [5, 6].

In knockout animal models in which genetic ma-
nipulation was performed to inhibit expression of 
the eNOS gene (eNOS-KO), an increase in BP levels 
was observed, demonstrating the importance of 
NO in the regulation of blood pressure [7, 8].

In addition to BP control, NO is also related to 
lipid metabolism via inhibition of LDL oxidation 
and the platelet aggregation resulting from this 
oxidation [9]. Thus, NO is an important protective 
factor against the progression of cardiovascular 
diseases [10].

Of the polymorphisms associated with the 
eNOS gene, G894T is the most scientifically rele-
vant because it has been recognized as an import-
ant risk factor regarding the increase of BP lev-
els and the occurrence of other diseases such as 
coronary artery disease, vascular diseases, acute 
myocardial infarction, metabolic syndrome, and 
type 2 diabetes [11]. In a study of Caucasian in-
dividuals from the Iberian peninsula, Goni et al. 
found a significantly higher DBP of 1.99 mm Hg in 
the people with the GT or TT genotypes compared 
with those with the GG genotype [12].

Therefore, the G894T polymorphism, by directly 
influencing eNOS gene expression, is an import-
ant biomarker for the development of hyperten-
sion [9]. However, no studies have described the 
distribution and association of the G894T poly-
morphism with regard to hypertension in women 
from northeast Brazil, a  region characterized by 
greater social vulnerability and (in relation to the 
South/Southeast regions) the worst social indica-
tors in the country. This investigation is important 
because gene expression can be strongly influ-
enced by environmental factors [13].

In addition to the environmental question, 
hypertension has different effects according to 
gender, as noted by the National Health Survey in 
2013, which observed a higher prevalence of hy-
pertension among women (24.2% vs. 18.3%) [14].

The present study sought to characterize the 
distribution of the G894T polymorphism of the 
eNOS gene in a population of women from north-

east Brazil and investigate its association with hy-
pertension. 

Material and methods

This is a cross-sectional study involving a repre-
sentative sample of women from Alagoas, a state 
in northeastern Brazil, whose general population is 
estimated at about three million inhabitants [15].

For the sample size calculation, the variable of 
interest was hypertension, whose prevalence in 
Brazilian adults was estimated to be 23.3% [16]. 
Given a population of 718,493 women aged 19 to 
49 years, a sample error of 3.0%, and a confidence 
interval (CI) of 95%, the study would require a sam-
ple of 762 women. To cover any potential sample 
losses, an additional 10% was added to this num-
ber. Thus, the planned sample was 838 women. 
The calculations were performed using the StatCalc 
module of Epi Info 7.1.4 (CDC, Atlanta, USA).

To attain the required number of women, a mul-
tiple stage process was adopted across four steps. 
In the first stage, 30 of the 102 municipalities in 
Alagoas were selected via random sampling with 
a probability proportional to the number of inhab-
itants. Because of its larger population, Arapiraca 
was selected twice, and Maceió, the state capital, 
which contains a  third of the population of Ala-
goas, was sampled ten times. In the second step, 
four census tracts per municipality were chosen 
via a  simple drawing, respecting the proportion 
between urban and rural sectors. For the cities of 
Maceió and Arapiraca, the census sectors were or-
ganized in a  list, and the drawing was performed 
using systematic sampling. In the third step, one 
block in each census tract was randomly selected; 
finally (step 4), a starting point (i.e., a corner) in 
each block was randomly chosen, from which sev-
en consecutive households were visited moving in 
a counterclockwise direction. Women aged 20 to 
49 years old who resided in the selected house-
holds were eligible for this study. 

Dependent variable 

The dependent variable was systemic hyper-
tension. BP was measured in duplicate, with the 
individual seated after 15 min of rest using Omron 
HEM-7113 digital BP monitors (Omron, Tokyo, Ja-
pan). Systemic hypertension was diagnosed when 
systolic BP (SBP) was ≥ 140 mm Hg, diastolic BP 
(DBP) was ≥ 90 mm Hg, when the patient reported 
the use of antihypertensive medications, or some 
combination thereof [17].

Independent variable 

The independent variable was the G894T poly-
morphism of the eNOS gene according to the GG, 
GT, and TT genotypes.
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During the household visits, the women were 
invited to be present the next day at a  prede-
termined location near their household (a  basic 
health unit or a  school, for example), where, in 
addition to biochemical tests, oral mucosa cells 
were collected. The patients were instructed to 
pre-rinse with 100 ml of distilled water, and the 
collection was performed by scraping the inner 
cheeks with small sterile cytology brushes, mak-
ing approximately 30 circular movements. The 
outer portions of the brushes were cut and placed 
in 2-ml microtubes. The samples obtained were 
stored in a  refrigerator for subsequent DNA ex-
traction with NaCl [18]. The DNA was then quan-
tified using a spectrophotometer. After extraction 
and quantification, the DNA samples were stored 
at –24°C until genotyping was performed.

The 894G>T (rs1799983) polymorphism has 
the sequence TTCCTGCTGCAGGCCCAGTGA[G/T]
CCCCCAGAACTCTTCCTTCTGCCC and was geno-
typed using the TaqMan Genotyping Assay meth-
od (Applied Biosystems, Foster City, CA, USA). 
PCR reactions were performed with 5.0 μl of 
2X TaqMan Genotyping Master Mix, 0.125 μl of 
TaqMan 40X Assay, and 4.87 μl of 4 ng/μl DNA to 
a final volume of 10 μl. The amplification param-
eters consisted of 95°C for 10 min, followed by  
40 cycles at 92°C for 15 s, and 60°C for 1 min us-
ing the Step One Plus Real-Time PCR System (Ap-
plied Biosystems, Foster City, CA, USA). Individual 
genotypic discrimination was performed using 
Step One Plus software, version 2.3, at the end of 
each reaction. Positive controls and negative con-
trols were used to avoid possible contamination 
for all reactions.

Covariates (variables analyzed to control 
for confounds, to characterize the sample, 
or both)

The following variables were obtained: age; lo-
cation of residence (rural or urban); employment; 
schooling; skin color/ethnicity; parity; beneficiary of 
the “Bolsa Família” Program; access to health ser-
vices (public or private); and food security status; 
prevalence of disease over the last 15 days; reg-
ular alcohol consumption; smoking status; physi-
cal activity level; regular consumption of chicken 
skin; regular consumption of high-fat meats; con-
sumption of added salt; body mass index; waist 
circumference; total cholesterol, low-density lipo-
proteins (LDL) and high-density lipoproteins (HDL); 
triglycerides; and blood glucose [19].

Data processing and analysis

The data were entered independently in dupli-
cate into an electronic form generated with Epi 
Info 7.1.4 (CDC, Atlanta, USA), which enabled the 

identification and correction of possible typing er-
rors.

Hardy-Weinberg equilibrium (HWE) was deter-
mined with the χ2 test (p > 0.05). This procedure 
was necessary to certify that the sample complied 
with the principles of population genetics and as 
a control measure of the accuracy of the genotype 
analyses.

The analysis was performed according to the 
theoretical model adapted from Sturmer [20] 
(Figure 1) using two approaches. In the first ap-
proach, the dependent variable was hypertension 
(categorical variable). In the second approach, the 
dependent variables were SBP and DBP, analyzed 
as continuous variables. In both situations, the hi-
erarchical analyses were composed of four levels: 
The first level included the demographic and so-
cioeconomic variables; level 2 included the vari-
ables related to lifestyle and dietary factors; level 
3 included the anthropometric and biochemical 
indicators; and level 4 included the associations 
with the eNOS gene polymorphisms. Level 2 was 
adjusted by the variables with p < 0.05 at level 1; 
level 3 was adjusted by the variables with p < 0.05 
at levels 1 and 2; and level 4 was adjusted by all 
variables with p < 0.05 at the previous levels.

To identify the association between hyperten-
sion and the GG, GT, and TT genotypes of the 
eNOS gene G894T polymorphism, the prevalence 
ratio (PR) and its 95% confidence intervals (CIs) 
calculated via the Poisson regression were used.

All of the covariates that were associated with 
hypertension in the basic analysis at a  signifi-
cance level of up to 20% (p < 0.2) were eligible 
for the hierarchical analysis. Non-significant vari-
ables were successively eliminated for each of the 
four levels of hierarchical analysis (backward step-
wise), leaving only those with p < 0.05. From this 
definition, all of these variables remained in the 
final adjusted model, even if they lost significance 
at the levels following their original level to control 
for possible confounds.

To confirm the association between BP levels 
and the GG, GT, and TT genotypes, a  multiple 
linear regression analysis was used according to 
the theoretical model defined for the hierarchi-
cal analysis. The procedures for variable inclusion 
and exclusion were identical to those described 
above for the Poisson regression analysis. For this 
approach, the standardized angular coefficients 
(SACs) were calculated to estimate the increases 
in blood pressure (mm Hg) according to the dif-
ferent variables introduced in the model. Stata/SE 
12.1 for Windows (StataCorp LP, College Station, 
TX, USA) was used for all statistical analyses. This 
study was approved by the Research Ethics Com-
mittee of the Federal University of Alagoas (Case 
nº 09093012.0.0000.5013).
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Results

A total of 887 women eligible were identified 
for this study. Of these, 40 (4.5%) were not at 
home at the time of the interview or refused to 
participate in the study. In addition, women who 
did not provide data regarding age (n = 4, 0.9%), 
anthropometric indices (n = 7, 0.8%), or BP mea-
surements (n = 7; 0.8%) as well as those from 
whom it was not possible to extract DNA (n = 19; 
2.1%) were excluded from the analyses. Therefore, 
the final sample consisted of 810 women (35.8 
±8.4 years).

The socioeconomic, demographic, lifestyle, an-
thropometric, biochemical, and genetic variables 
of the sample are described in Table I. The majori-
ty of the sample was of black or brown color/race 
(75.9%), had up to 8 years of education (58.2%), 
and had no formal employment (74.5%) at the 
time of the interview. 

Regarding health conditions, 65.1% of the 
women reported they were not ill over the last 
15 days. Of those who were ill, 91.2% claimed to 
seek care from public health services. The prev-
alence of hypertension was 21.1%. Only 8.9% of 

the women were smokers, but 31.6% reported al-
cohol consumption. According to BMI, 66.1% were 
overweight (≥ 30 kg/m2).

The minor allele was T (24.9%), and the geno-
typic frequencies for the G894T polymorphism 
were GG = 57.1% (n = 463), GT = 35.7% (n = 289) 
and TT = 7.2% (n = 58). 

The polymorphism distribution conformed to 
the HWE, with p = 0.16 indicating that the sample 
population used was in HWE.

Comparing the GG, GT, and TT genotypes, 
the rates of systemic hypertension were 13.4%, 
19.1%, and 32.7%, respectively. Compared with 
the prevalence of the GG genotype (13.4%), 
the PRs for the GT and TT genotypes were 1.24  
(95% CI: 0.95–1.61; p = 0.11) and 1.76 (95% CI: 
1.16–2.67; p<0.01), respectively (Table II).

Lipid and glycemic disorders were not signifi-
cant risk factors for systemic hypertension. After 
an adjusted analysis, the factors that were sig-
nificantly associated with hypertension were age  
≥ 30 years old, residing in a rural area, education  
≤ 8 years, having three or more children, being 
overweight (BMI ≥ 25 kg/m2), and having a large 
waist circumference. Compared with the GG geno-

Figure 1. Hierarchical conceptual mode of systemic hypertension (adapted from Stunner et al., 2006)

Demographic variables
• Age

Socioeconomic variables
• Location of residence
• Inclusion in the formal job market
• Education
• Skin color (self-reported)
• Parity
•  Bolsa Familia Family Grant Program 

recipient
• Type of health service access
• Food safety 

Lifestyle and health
• Smoking
• Alcohol use
• Sedentary
• Became ill over the last 15 days 

Dietary factors
• Added salt intake
• Consumption of chicken with skin
• Consumption of high-fat meats 

Anthropometric indicators
• Body mass index
• Waist circumference

Biochemical indicators
• Blood glucose
• Triglyceridemia
• Cholesterolemia

eNOS gene polymorphisms
• GG
• GT
• TT 

Systemic arterial hypertension
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Table I. Distribution of hypertension according to socioeconomic, demographic, lifestyle, anthropometric, biochem-
ical, and genetic variables. Women from Alagoas, Brazil (n = 851), 2015

Variables n (%) Hypertension (%) P-value

Age group [years]:

19–30 257 (31.7) 7.7 –

31–40 274 (33.8) 17.1 < 0.01

41–49 277 (33.5) 37.5 < 0.01

Location of residence: 

Urban 639 (78.8) 19.7 –

Rural 171 (21.2) 26.3 0.05

Unemployed:

No 207 (25.5) 17.9 –

Yes 603 (74.5) 22.2 0.2

Education [years]:

> 8 340 (41.8) 14.7 –

≤ 8 470 (58.2) 25.8 < 0.01

Skin color (self-reported):

Not black or brown 193 (24.1) 19.1 –

Black or brown 608 (75.9) 22.1 0.39

Parity:

One or two children 430 (59.5) 18.8 –

Three or more 292 (40.5) 27.4 < 0.01

Access to health services:

Private system 68 (8.7) 13.4 –

Public healthcare system 708 (91.2) 22.4 0.08

Supplementary income:

Yes 461 (56.8) 21.7

No 348 (43.2) 20.4 0.67

Food security:

Food security (0) 254 (33.4) 17.3

Food insecurity (≥ 1) 505 (66.6) 23.1 0.06

Became ill over the last 15 days:

No 283 (34.9) 19.6 –

Yes 526 (65.1) 24.1 0.14

Alcohol consumption:

No 554 (68.4) 20.5 –

Yes 256 (31.6) 23.5 0.31

Smoking:

No 738 (91.1) 20.2

Yes 72 (8.90) 30.5 0.03

Physical activity:

Active > 150 min/week 541 (68.7) 18.7

Sedentary ≤ 150 min/week 246 (31.3) 22.4 0.23
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Table I. Cont.

Variables n (%) Hypertension (%) P-value

Added salt intake:

No 684 (84.4) 22.5

Yes 126 (15.6) 13.4 0.02

Remove skin from chicken:

Yes 728 (89.9) 21.1

No 81 (10.1) 19.7 0.76

Eat high-fat meats:

No 553 (68.2) 20.9

Yes 257 (31.8) 21.4 0.86

BMI classification [kg/m2]:

Normal (18.5 to < 25) 255 (31.6) 9.4 –

Overweight (≥ 25 to < 30) 293 (36.4) 20.4 < 0.01

Obese (≥ 30) 243 (29.7) 35.4 < 0.01

Waist circumference: 

Normal (< 0.80) 320 (40.6) 10.9

Increased (≥ 0.80) 467 (59.4) 29.1 < 0.01

Blood glucose [mg/dl]: 

Normal (≤ 99) 549 (83.6) 19.8

High (≥ 100) 107 (16.4) 30.8 < 0.01

Triglycerides [mg/dl]: 

Normal (< 150) 454 (69.1) 18.2

High (≥ 150) 203 (30.9) 29.7 < 0.01

Total cholesterol [mg/dl]:

Normal (< 190) 342 (52.1) 17.8

High (≥ 190) 315 (47.9) 20.6 0.01

LDL-C [mg/dl]:

Normal (< 130) 390 (62.9) 21.8

High (≥ 130) 230 (37.1) 23.4 0.56

HDL-C [mg/dl]:

Normal (≥ 40) 357 (54.4) 19.3

Low (< 40) 299 (45.6) 24.5 0.1

Alleles: 

G 1215 (75.1) 14.8

T 405 (24.9) 22.7 < 0.01

Genotype:

GG 463 (57.1) 13.4 –

GT 289 (35.7) 19.1 0.36

TT 58 (7.2) 32.7 < 0.01
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type, the adjusted PRs for the GT and TT genotype 
were 1.24 (95% CI: 0.95–1.61; p = 0.11) and 1.76 
(95% CI: 1.16–2.67; p < 0.01), respectively. 

GT was not significantly different between hy-
pertensive and normotensive groups, whereas the 
TT genotype was significantly higher in those with 
hypertension. The multiple regression analysis 
showed that both women with GT genotype and 

those with TT genotype had BP levels significantly 
higher than those observed in women with the GG 
genotype, even after adjusting for confounds.

Specifically, compared with the GG genotype, 
women who had the GT and TT risk genotypes 
had increases in SBP of 2.72 mm Hg (p = 0.02) and 
8.32 mm Hg (p < 0.01), respectively. In the case of 
DBP, the increase was 1.79 mm Hg (p = 0.03) for 

Table II. Prevalence ratios (PRs) and their respective 95% confidence intervals (95% CI) adjusted in the multi-
variable Poisson regression according to the hierarchical theoretical model of the determinants of hypertension. 
Women from Alagoas, Brazil, 2015

Variables Level 1
PR  

(95% CI)

P-value Level 2
PR  

(95% CI)

P-value Level 3
PR  

(95% CI)

P-value Level 4
PR  

(95% CI)

P-value

Level 1:

Age group:  
≥ 30 years 

2.21 
(1.82–2.68)

< 0.01 2.19 
(1.80–2.66)

< 0.01 1.91 
(1.56–2.35)

< 0.01 1.58 
(1.68–2.51)

< 0.01

Living in a rural 
area

1.57 
(1.18–2.08)

< 0.01 1.58 
(1.19–2.09)

< 0.01 1.45 
(1.11–1.93)

< 0.01 1.42 
(1.07–1.90)

0.02

Education:  
≤ 8 years 

1.35 
(1.01–1.82)

0.04 1.34  
(1.01–1.81)

0.04 1.29 
(0.97–1.73)

0.08 1.29 
(0.97–1.75)

0.08

Parity:  
≥ 3 children 

0.94 
(0.71–1.24)

0.69 * * * * * *

Access to 
health services: 
public 

1.61 
(0.83–3.11)

0.15 * * * * * *

Food insecurity 1.13 
(0.83–1.53)

0.41 * * * * * *

Level 2:

Became ill over 
the last 15 days

– – 1.08 
(0.84–1.39)

0.51 * * * *

Added salt 
intake

– – 0.66 
(0.42–1.03)

0.07 * * * *

Smoking  – – 1.17 
(0.81–1.69)

0.38 * * * *

Level 3:

Overweight  
(BMI ≥ 25 kg/m2)

– – – – 1.37 
(1.10–1.71) 

< 0.01 1.37 
(1.10–1.71)

< 0.01

Waist 
circumference  
≥ 80 cm

– – – – 1.80 
(1.08–2.99)

0.02 1.79 
(1.07–2.98)

0.02

Blood glucose  
≥ 100 mg/dl

– – – – 0.92 
(0.67–1.28)

0.64 * *

Triglycerides  
≥ 150 mg/dl

– – – – 1.16 
(0.88–1.54)

0.28 * *

Total cholesterol  
≥ 190 mg/dl

– – – – 0.91 
(0.68–1.23)

0.55 * *

Level 4:

Genotype:

GG – – – – – – 1 –

GT – – – – – – 1.24 
(0.95–1.61)

0.11

TT – – – – – – 1.76 
(1.16–2.67)

< 0.01
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the GT genotype and 4.69 mm Hg (p < 0.01) for 
the TT genotype (Table III).

Discussion

The present study provides evidence that the 
polymorphism G894T of the eNOS gene is associ-
ated with higher BP levels and, consequently, with 
a higher prevalence of hypertension.

Since the first literature reports, NO has been 
considered of fundamental importance in the reg-
ulatory process of vascular homeostasis, with its 
levels being regulated by the eNOS gene. Several 
polymorphisms have been studied in an attempt 
to understand the genetic susceptibility to cardio-
vascular diseases [21].

A  greater number of homozygous individuals 
(GG) were present in our study (57.2%). In agree-
ment with our results, a study of an Egyptian pop-
ulation found a higher frequency of the GG gen-
otype (70%) compared with GT (22.9%) and TT 
(7.1%) polymorphisms. Similar results were found 
in African populations [22–24].

Studies of Asian populations have also shown 
a  predominance of the GG genotype; moreover, 
few or no people with the TT genotype were ob-
served in Korea (n = 411; GG: 97.6%, GT: 19.5%, 
and TT: 0.9%) [25], Japan (n = 513; GG: 84.4%, GT: 
17.4%, and TT: 0.0%) [25], and India (n = 105; GG: 
74.3%, GT: 25.7%, and TT 0%) [26] .

Our study found an association between sys-
temic hypertension and risk factors such as age, 
location of residence, overweight, and waist cir-
cumference. Several studies have shown that, 
in addition to hereditary factors, hypertension 
is influenced by several risk factors such as age, 
gender, ethnicity, overweight/obesity, alcohol con-
sumption, sedentary lifestyle, and socioeconomic 
factors [14, 27, 28]. 

The prevalence of hypertension in women in 
Alagoas (21.1%) was similar to the estimated val-
ue for the Northeast region (19.4%) and Brazil in 
general (24.2%) [29].

In the current sample, the presence of the TT 
genotype was associated with a  greater predis-
position toward systemic hypertension. Evident-
ly, these women also have higher BP levels than 
those with the GG genotype. For those with the 
GT genotype, the differences between the rates 
of hypertension were not significant. However, 
as with those who carried the TT genotype, they 
had higher BP levels than the reference genotype. 
Therefore, these data show that the presence of 
the T allele is an important risk factor for hyper-
tension.

A  recent meta-analysis of 63,258 partici-
pants showed that those with the T allele for the 
G894T polymorphism of the eNOS gene showed 
a significant risk for systemic hypertension com-

pared with individuals with the G allele (G vs. T,  
p < 0.00001, OR = 0.82, 95% CI: 0.76–0.89) [30].

In another meta-analysis of 45,287 individuals, 
the T allele of the G894T polymorphism was pos-
itively associated with hypertension (OR = 1.20;  
p = 0.015) [31]. In addition to hypertension, re-
ports have linked the G894T polymorphism of the 
eNOS gene to higher rates of diseases such as 
ventricular hypertrophy, coronary artery disease, 
and deep vein thrombosis [32, 33].

As previously mentioned, the linear regression 
showed that the TT and GT genotypes were asso-
ciated with significantly higher SBP and DBP lev-
els, even after controlling for several confounds.

In a  study of Caucasian individuals from the 
Iberian peninsula, Goni et al. found a significantly 
higher DBP of 1.99 mm Hg in people with the GT 
or TT genotype compared with those with the GG 
genotype [12].

The adjusted analysis revealed an interaction 
between BMI and the G894T polymorphism with 
regard to the modulation of SBP and DBP levels. 
This observation corroborates the results found 
by Abdel-Aziz et al. [34], who described the asso-
ciation between obesity and the TT genotype of 
the G894T polymorphism with regard to increas-
ing the risk of developing coronary artery disease 
among the Egyptian population.

Different studies revealed that the presence of 
thymine (T) instead of guanine (G) at nucleotide 
894 of the gene responsible for the production of 
eNOS alters one or more of the functional proper-
ties of the enzyme that decreases its catalytic ac-
tivity and therefore compromises the production 
of NO [35, 36].

Kayhan et al. studied the effects of eNOS asso-
ciated with hypertension among Turkish patients 
and suggested that the G894T polymorphism of 
the eNOS gene increases the risk of hypertension 
when associated with high serum levels of total 
cholesterol [37]. Increased serum cholesterol lev-
els in the circulatory system lead to increased lipid 
oxidation, resulting in elevated BP and increased 
amounts of reactive oxygen species (ROS), which 
reduced the expression of eNOS and decreased 
the production of NO [38]. Furthermore, oxidative 
stress is a common process associated with obe-
sity and has been associated with the eNOS gene. 
An animal model study suggested that a  reduc-
tion in NO production leads to an increase in ROS, 
contributing to hypertension in obese rats [39].

The present study sampled an ethnically het-
erogeneous population that included individuals 
with European and African ancestry as well as 
indigenous peoples; therefore, this sample con-
tained people with different genetic backgrounds. 
As such, these results should be generalized to 
other populations with caution (i.e., by defining to 
what extent the referred population is similar to 
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Table III. Standardized angular coefficients (SACs) adjusted in the multivariate linear regression related to systolic 
and diastolic blood pressure levels according to the hierarchical theoretical model of the determinants. Women 
from Alagoas, Brazil (n = 810), 2015

Variables Level 1
SAC

P-value Level 2
SAC

P-value Level 3
SAC

P-value Level 4
SAC

P-value

Systolic blood pressure 

Level 1:

Age group ≥ 30 [years] 6.601 < 0.01 6.669 < 0.01 4.418 < 0.01 4.744 < 0.01

Living in a rural area 4.173 < 0.01 5.001 < 0.01 3.395 < 0.01 4.014 < 0.01

Education: ≤ 8 years 0.828 0.574 * * * * * *

Parity: ≥ 3 children 1.534 0.311 * * * * * *

Access to health services: public 2.790 0.298 * * * * * *

Food insecurity: ≥ 1 0.136 0.928 * * * * * *

Level 2:

Became ill over the last 15 days – – 0.061 0.960 * * * *

Salt intake – – –3.123 0.051 * * * *

Smoking – – 0.550 –0.202 * * * *

Level 3:

Overweight (BMI ≥ 25 kg/m2) – – – – 3.991 < 0.01 4.171 < 0.01

Waist circumference ≥ 80 cm – – – – 4.681 < 0.01 3.466 0.011

Blood glucose ≥ 100 mg/dl – – – – 2.533 0.146 * *

Triglycerides ≥ 150 mg/dl – – – – 1.696 0.251 * *

Total cholesterol ≥ 190 mg/dl – – – – –2.271 0.096 * *

Level 4:

Genotypes:

GT – – – – – – 2.726 0.026

TT – – – – – – 8.320 < 0.01

Diastolic blood pressure

Level 1:

Age group ≥ 30 [years] 3.413 < 0.01 3.248 < 0.01 1.981 < 0.01 2.049 < 0.01

Living in a rural area 3.727 0.014 2.420 0.019 1.548 0.149 1.714 0.088

Education: ≤ 8 years 0.607 0.530 * * * * * *

Parity: ≥ 3 children 2.026 0.041 1.950 0.028 2.368 0.016 1.659 0.054

Access to health services: public 0.657 0.709 * * * * * *

Food insecurity: ≥ 1 0.114 0.909 * * * * * *

Level 2:

Became ill over the last 15 days – – 0.025 0.976 * * * *

Added salt intake – – –1.752 0.119 * * * *

Smoking – – –2.135 0.130 * * * *

Level 3:

Overweight (BMI ≥ 25 kg/m2) – – – – 3.002 < 0.01 2.797 < 0.01

Waist circumference ≥ 80 cm – – – – 2.177 0.040 2.123 0.023

Blood glucose ≥ 100 mg/dl – – – – –0.290 0.840 * *

Triglycerides ≥ 150 mg/dl – – – – 1.936 0.066 * *

Total cholesterol ≥ 190 mg/dl – – – – –1.293 0.188 * *

Level 4:

Genotypes:

GT – – – – – – 1.797 0.034

TT – – – – – – 4.694 < 0.01
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the profile of the population of the present study). 
One limitation of the present study was the 

non-inclusion of men in the sample. This occurred 
because this work was part of a  larger project 
called II Diagnosis of maternal and child health 
in the state of Alagoas, in which the focus was on 
children, adolescents and women of childbearing 
age. Some results obtained from this project are 
available elsewhere [40–46]. Therefore, consider-
ing the overall population of the state, the men 
and the elderly of both sexes were left out. For 
this study, as already explained, women between 
the ages of 19 and 49 were eligible. Thus, given 
the existing differences in the occurrence of hy-
pertension according to gender, it is suggested 
to carry out additional studies that include male 
subjects. 

In conclusion, the results indicate that the TT 
genotype of the eNOS gene G894T polymorphism 
is significantly associated with a higher prevalence 
of hypertension and is an important risk factor for 
this disease, especially when it is associated with 
older age groups and excess body weight.

Considering that the mechanism of action that 
might cause women with the GT or TT genotype 
to present with higher BP levels involves less met-
abolic production of NO, the current findings sug-
gest that this polymorphism is directly related to 
the regulation of BP and might be an important 
marker in the diagnosis of systemic hypertension.
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