Journal of
INTERNATIONAL
MEDICAL RESEARCH

Meta-Analysis

Journal of International Medical Research
Association of endothelial © The Autvor(y 2021

Article reuse guidelines:

n it I"i C OXi d e Syn t h ase i nt ro n sagepub.com/journals-permissions

DOI: 10.1177/0300060520979230

4a/b gene polymorphisms and "”bég;{é"é
hypertension: a systematic
review and meta-analysis

Xiru Xu"*, Woruo Yez’*, Hanging Chen3,
Ming Liu*, Weimin Jiang® and Zhuyuan Fang*

Abstract

Objective: We conducted meta-analysis of relevant case-control trials to determine the asso-
ciation between endothelial nitric oxide synthase (eNOS) intron 4a/b gene polymorphisms and
hypertension susceptibility.

Methods: We searched the PubMed, Cochrane, and Embase databases using relevant keywords
and reviewed pertinent literature sources. All articles published up to July 2019 were considered
for inclusion. Based on the qualified studies, we performed a meta-analysis of the associations
between eNOS intron 4a/b polymorphisms and the risk of hypertension.

Results: Fourteen studies were included in this meta-analysis, including 3344 cases and 3377
controls. The eNOS intron 4a/b locus was significantly associated with increased susceptibility to
hypertension (including essential hypertension) in the overall population, according to dominant,
allelic, homozygote, heterozygote, and regressive models, in the mixed population according to
the regressive model, and in Caucasians according to the dominant, allelic, heterozygote, and
regressive models. The eNOS intron 4a/b locus was also significantly associated with increased
susceptibility to essential hypertension in the mixed population according to the heterozygote
model.

Conclusion: eNOS intron 4a/b gene polymorphisms increase susceptibility to hypertension,
including essential hypertension.

*Department of Cardiology, Affiliated Hospital of Nanjing
University of Chinese Medicine, Nanjing, China

'Department of Geriatrics, Affiliated Hospital of Nanjing

University of Chinese Medicine, Nanjing, China *These authors contributed equally to this work.
Department of General Internal Medicine, Affiliated Corresponding author:

Hospital of Nanjing University of Chinese Medicine, Zhuyuan Fang, Institute of Hypertension, Affiliated
Nanjing, China Hospital of Nanjing University of Chinese Medicine,

3Nanjing University of Chinese Medicine, Nanjing, China No. 155 Hanzhong Road, Qinhuai District, Nanjing,
“Institute of Hypertension, Affiliated Hospital of Nanjing Jiangsu Province 210029, China.

University of Chinese Medicine, Nanjing, China Email: zhuyuan—fa@l63.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https:/creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0002-0216-9075
mailto:zhuyuan_fa@163.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520979230
journals.sagepub.com/home/imr
akumar7
Cross-Out

akumar7
Inserted Text
fangzhuyuan@njucm.edu.cn

akumar7
Cross-Out

akumar7
Inserted Text
11


Journal of International Medical Research

Keywords

Endothelial nitric oxide synthase intron 4a/b, gene polymorphism, hypertension, meta-analysis,

genetic susceptibility, essential hypertension

Date received: || June 2020; accepted: |12 November 2020

Introduction

Hypertension is defined as a clinical syn-
drome involving increased systolic or dia-
stolic blood pressure. However, in 2005,
the American Society of Hypertension
Writing Group proposed a new definition
of hypertension as a progressive cardiovas-
cular syndrome with many possible causes,
leading to changes in the structure and
function of the heart and blood vessels.
Hypertension is caused by environmental
factors and multiple genetic factors, and
can be divided into essential hypertension
(EH, accounting for more than 95% of
cases) and secondary  hypertension
(accounting for 1%-5% of cases). In line
with progress in molecular biology, the
study of susceptibility genes related to
blood pressure regulation has become a
focus of research efforts aimed at exploring
the pathogenesis of hypertension.' *

The renin—angiotensin system (RAS)
affects vascular tension, cardiovascular
remodeling, and ionic balance, and is close-
ly related to the physiological regulation of
blood pressure. The RAS system elevates
blood pressure and is involved in the devel-
opment and maintenance of hypertension.
In addition to humoral regulation dominat-
ed by the RAS, autoregulation of cardio-
vascular activities is also important in
regulating blood pressure. This autoregula-
tory mechanism comprises a regulatory
system in the target organ, composed of
myocardial or vascular smooth muscle
cells, endothelial cells, and other factors in
the internal and external environments.

Endothelial nitric oxide (NO) is the main
endogenous vasorelaxing factor responsible
for maintaining normal blood pressure and
blood flow in this regulatory system, and
catalyzes the production of NO synthase
(NOS) genes. Endothelial NOS (eNOS) is
also an important gene in the study of
hypertension.’ *

The aim of this study was to perform a
meta-analysis of the available literature to
obtain updated evidence for the association
between eNOS intron 4a/b gene polymor-
phisms and susceptibility to hypertension,
including EH.

Materials and methods

Search strategy

We searched the Cochrane, PubMed, and
Embase databases to identify studies per-
taining to the associations between ¢eNOS
intron 4a/b polymorphisms and risk of
hypertension, published up to July 2019.
We also reviewed the references of all iden-
tified articles to detect additional studies.
The search terms were: gene polymor-
phisms, gene, polymorphism, variant, geno-
type, endothelial nitric oxide synthase
intron 4a/b, eNOS intron 4a/b, endothelial
nitric oxide synthase, eNOS, hypertension,
essential hypertension, and EH, used in
combination with “AND” or “OR”. This
literature review was performed indepen-
dently by two investigators, with any dis-
putes resolved by a third investigator as
needed.
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This meta-analysis was carried out in
accordance with PRISMA guidelines.
Following the Participants, Interventions,
Comparisons, Outcomes and Study design
(PICOS) principle, the key search terms
included (P) patients with hypertension or
EH; (I) detection of eNOS intron 4a/b gene
polymorphisms; (C/O) comparison of gene
polymorphisms of eNOS intron 4a/b
between hypertension and control groups;
and (S) case-control trial or cohort study.

Study selection criteria

Included studies met the following criteria:
(1) case—control or cohort studies; (2) case
subjects were patients with hypertension or
EH; (3) control subjects were healthy people;
(4) research topic eNOS intron 4a/b; and 4)
article in English or Chinese language.

Studies were excluded if they met the fol-
lowing criteria: (1) repeat articles or results;
(2) clear data errors; (3) case reports,
case—control studies, theoretical research,
conference reports, systematic reviews,
meta-analyses, and other forms of research
or comment not designed in a randomized
controlled manner; (4) irrelevant outcomes
or other gene loci; and (5) no control group.

Two investigators independently deter-
mined if the studies met the inclusion crite-
ria, and disputes were resolved by a third
investigator as needed.

Data extraction and quality assessment

Basic information and information on pri-
mary study outcomes were extracted for
each included study. Basic information rel-
evant to this meta-analysis included author
names, year of publication, country, disease
type, and sample size. Primary clinical out-
comes included frequencies of eNOS intron
4a/b genotypes in case and control groups.
Data extraction was performed indepen-
dently by two investigators, with disputes
resolved by a third investigator as needed.

Statistical analysis

All analyses were carried out using Stata
v12.0 (StataCorp LP, College Station, TX,
USA). Heterogeneity among the study
results was assessed by y* and I” tests, and
appropriate analysis models (fixed-effect or
random-effect) were determined; a
P<0.05 and an I’>50% indicated high
heterogeneity and a random-effects model
was used in this case, while a y*> P>0.05
and an 1> <50% indicated acceptable het-
erogeneity and a fixed-effects model was
used. Egger’s and Begg’s tests were used
to detect publication bias. If the Hardy—
Weinberg equilibrium (HWE) genetic bal-
ance test was not reported in the original
text or was not performed in the control
group, we carried out manual detection
using Stata v12.0 and extracted the
corresponding results (P value). The meta-
analysis was carried out using five com-
monly used gene models: allelic model
(a vs b); homozygote model (aa vs bb); het-
erozygote model (ab vs bb); dominant
model (aa+ab vs bb); and regressive
model (aa vs ab+ bb). Odds ratios (ORs)
and 95% confidence intervals (Cls)
were used to analyze all the indexes.
We also performed subgroup analyses
according to overall,'>?* mixed,'>!6:1%:2!
Caucasian,'®'*!%22 Black,'® Asian,!>?0-%
and HWE.

Results

Overview of included studies

We reviewed 735 articles identified by our
initial keyword search, of which 643 were
excluded following title/abstract review.
The remaining 92 articles were subject to a
complete full-text assessment, and 78 fur-
ther articles were excluded for failing to
meet the study inclusion criteria. The rea-
sons for exclusion were: no clinical out-
comes (n=34), repeated articles (n=11),
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without control group (n=17), and no
qualified patients (n=16). We ultimately
identified 14 case—control studies'®?® that
met the inclusion criteria for this meta-
analysis, including 3344 cases and 3377 con-
trol patients. The study selection process is
outlined in Figure 1. The basic information
for each study, including author names,
year of publication, country, disease types,
and sample size are summarized in Table 1.

Meta-analysis of eNOS intron 4alb
polymorphisms and hypertension
(including EH) susceptibility

All the included studies reported on the
association between eNOS intron 4a/b
polymorphisms and hypertension suscepti-
bility. The results of the meta-analysis are
shown in Table 2 and Figure 2. The eNOS
intron 4a/b a locus was significantly associ-
ated with increased susceptibility to hyper-
tension (including EH) in the overall
population according to all the tested
models, in the mixed population according
to the regressive model, and in Caucasians
according to the dominant, allelic,

735 articles searched from
databases using the index words

heterozygote, and regressive models. The
association was also significant in both
HWE and no-HWE studies according to
all the models.

The results of Begg’s and Egger’s tests
suggested no significant publication bias
among the study results (Figure 3).

Meta-analysis of eNOS intron 4alb
polymorphisms and EH susceptibility

Seven studies including 2120 cases and 2147
controls reported on the association
between eNOS intron 4a/b polymorphisms
and EH susceptibility. The results of the
meta-analysis in relation to EH are shown
in Table 3 and Figure 4. The eNOS intron
4a/b a locus was significantly associated
with increased susceptibility to EH in the
mixed population according to the hetero-
zygote model, and in the no-HWE studies
according to all models. However, there
was no significant association between
eNOS intron 4a/b a locus and EH suscep-
tibility in the overall population according
to any of the models.

643 articles excluded after

92 articles need full text
evaluation

screening titles or abstracts

14 articles included in the
meta-analysis

78 articles excluded with
following reasons:
1. has no outcomes(34)
2. repeat articles(11)
3. without control group(17)
4. no qualified patients(16)

Figure |. Literature search and selection strategy.
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Table I. Basic characteristics of included studies.

No. of patients Case group  Control group
Case Control
Study Country Disease group group bb ab aa bb ab aa
Gamil et al. 2017'2 Sudan Essential 157 85 83 61 7 50 25 3
hypertension
Wrzosek et al. 20152 Poland Essential 401 626 257 128 16 407 194 25
hypertension
Vasconcellos et al. 2010%' Brazil Hypertension 173 101 114 50 9 72 23 6
Benedetto et al. 2007'°  Italy Hypertension 50 103 32 17 1 6 32 2
Deng et al. 2007"" China Essential I51 138 123 24 4 116 21 |
hypertension
Sandrim et al. 2007'? Brazil Hypertension 68 98 80 I5 5 71 27 2
Zhao et al. 20067 China Essential 503 490 416 82 3 402 80 3
hypertension
Sandrim et al. 2006'8 Brazil-white Hypertension 100 101 70 27 3 76 2l 4
Sandrim et al. 2006'8 Brazil-black Hypertension 100 99 62 32 6 66 28 5
Sandrim et al. 2007’ Germany  Hypertension 255 140 184 62 9 100 38 2
Rodriguez-Esparragén Spain Essential 235 223 136 73 8 149 48 5
et al. 2003'7 hypertension
Shoiji et al. 2000%° Japan Hypertension 183 193 143 39 | 156 35 2
Miyamoto et al. 1998'>  Japan Essential 218 240 170 43 5 192 43 5
hypertension
Jemaa et al. 2009 Tunisia Hypertension 295 395 180 96 19 274 112 9
Nejatizadeh et al. 2008' India Essential 455 345 210 165 78 268 65 1|

hypertension

The results of Begg’s and Egger’s tests
indicated no significant publication bias
among the study results (Figure 5).

Discussion

NO is a fat-soluble gaseous free radical with
a short half-life, simple structure, and active
properties. It has a molecular weight of 30
kD and can diffuse through the cell mem-
brane. NO has a wide range of biological
actions in the human body, including reduc-
ing vascular permeability, resisting platelet
aggregation and leukocyte adhesion, relax-
ing blood vessels, promoting angiogenesis,
and regulating nerve function. NO is pro-
duced by a variety of tissue cells in the
human body, such as cardiomyocytes, vas-
cular endothelial cells, and neurons.

Endogenous NO is mainly present in vascu-
lar endothelial cells and macrophages and is
produced by L-arginine, catalyzed by NOS.
There are three types of NOS in the human
body: eNOS, present in vascular endothelial
cells; neuronal NOS expressed in normal
states and mainly distributed in human neu-
rons; and inducible NOS, which is induc-
tively expressed in the body after injury
and is distributed in human lymphocytes
and other immune cells. eNOS is mainly
present in platelets, vascular endothelial
cells, and renal tubular epithelial cells.
During NO synthesis, glutamate binds to
and activates the N-methyl-D-aspartic
receptor on the cell membrane, leading to
Ca”" influx and activation of calcium-
dependent eNOS and NOS, which use argi-
nine as a substrate and oxygen to produce
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Table 2. Meta-analysis of endothelial nitric oxide synthase intron 4a/b polymorphisms and susceptibility to
hypertension, including essential hypertension.

P value
N (case/
Gene type Race control) OR(95%Cl) P 12 P# Begg Egger
aa vs bb+ab
Overall 3344/3377 2.041 (1.557,2.676) 0.022 473% <0.001 0.843 0.203
Mixed 853/629 3.486 (2.182,5.570) 0.007 75.2% <0.001 0.999 0.284
Caucasian  1336/1588 1.504 (1.006,2.250) 0.350 10.2% 0.047 0.999 0.970
Asian 1055/1061 1.210 (0.538,2.725) 0.669 0.0% 0.645 0.734 0.861
Black 100/99 1.200 (0.354,4.068) — — 0.770 - -
HWE 2889/3032 1.382 (1.009,1.892) 0.793 0.0% 0.043 0.661 0.990
No HWE 455/345 6.297 (3.293,12.041) — — <0.001 — -
aa+ab vs bb
Overall 3344/3377 1.288 (1.005,1.650)  <0.001 78.5% 0.046 0.767 0.383
Mixed 853/629 1.513 (0.645,3.551)  <0.001 91.5% 0.342 0308 0.014
Caucasian  1336/1588 1.231 (1.031,1.470) 0.325 14.0% 0.021 0.999 0.780
Asian 1055/1061 1.083 (0.869,1.350) 0911 0.0% 0.477 0.308 0.047
Black 100/99 1.226 (0.686,2.192) — — 0.492 — —
HWE 2889/3032 1.167 (1.038,1.313) 0.556 0.0% 0.010 0.999 0.997
No HWE 455/345 4.080 (2.979,5.589) — — <0.001 — —
aa vs bb
Overall 3344/3377 1.727 (1.049,2.842) 0.002 58.6% 0.032 0.843 0.169
Mixed 853/629 2.420 (0.667,8.778) 0.001 80.9% 0.179 0.999 0.221
Caucasian  1336/1588 1.587 (0.981,2.569) 0318 14.9% 0.060 0.999 0.948
Asian 1055/1061 1.181 (0.507,2.751) 0.675 0.0% 0.700 0.734 0.857
Black 100/99 1.277 (0.371,4.398) — — 0.698 — —
HWE 2889/3032 1.421 (1.026,1.966) 0.800 0.0% 0.034 0.743 0.944
No HWE 455/345 9.049 (4.693,17.449) — — <0.001 — —
ab vs bb
Overall 3344/3377 1.246 (1.003,1.548)  <0.001 68.9% 0.047 0.999 0.489
Mixed 853/629 1.392 (0.643,3.014)  <0.001 88.2% 0.402 0.308 0.033
Caucasian  1336/1588 1.188 (1.001,1.410) 0.388 4.5% 0.048 0.999 0.685
Asian 1055/1061 1.074 (0.857,1.346) 0.921 0.0% 0.535 0.743 0.302
Black 100/99 1.217 (0.658,2.249) — — 0.532 - -
HWE 2889/3032 1.141 (1.010,1.290) 0.465 0.0% 0.034 0.743 0.996
No HWE 455/345 3.240 (2.308,4.547) — — <0.001 — —
avsb
Overall 3344/3377 1.271 (1.004,1.609) <0.001 82.0% 0.046 0.999 0.281
Mixed 853/629 1.496 (0.687,3.256)  <0.001 92.7% 0.311 0.308 0.008
Caucasian  1336/1588 1.227 (1.040,1.447) 0.256 23.8% 0.015 0.999 0.875
Asian 1055/1061 1.083 (0.884,1.327) 0.854 0.0% 0.442 0.089 0.021
Black 100/99 1.188 (0.730,1.932) — — 0.489 — —
HWE 2889/3032 1.165 (1.051,1.291) 0.655 0.0% 0.004 0913 0.896
No HWE 455/345 3.791 (2.914,4.930) — — <0.001 — -

*P value for heterogeneity (1%);

#P value of pooled statistic.
OR, odds ratio; Cl, confidence interval; HWE, Hardy—Weinberg equilibrium.
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(@) Study %
D OR (95% CI) Weight
Mixed R :

Gamil et al. 2017" —_—t 1.463 (0.833,2.569) 6.15

Vasconcellos et al. 2010”" —_——— 1.285 (0.754, 2.191) 6.35

Sandrim et al. 2007*° —_— 0.612(0.319, 1.176) 5.54

Nejatizadeh et al. 2008'¢ i —%—> 4.080(2.979. 5.589) 7.86

Subtotal (I-squared = 91.5%.p < 0,001) —_— 1.513 (0.645. 3.551) 25.90
1

= ]

Caucasian 1

Wrzosek et al. 2015 % —— 1.041 (0.801, 1.353) 8.17

Benedetto et al. 2007 1° - 1,142 (0.562, 2.319) 5.19

Sandrim et al. 2006 1” —_— 1.303 (0.699. 2.427) 5.75

Sandrim et al. 2007 —_— 0.965 (0.610. 1.525) 6.89

Rodriguez-Esparragon et al. 2003" —_— 1.674 (1.103, 2.541) 7.17

Jemaa et al. 2000 ¥ —t— 1.447 (1.054, 1.986) 7.84

Subtotal (I-squared = 14.0%,p =0.325) <:|'> 1.231 (1.031, 1.470) 41,01

- 1

Asian :

Deng et al. 2007 —_—— 1.200 (0.650, 2.216) 5.80

Zhao et al. 2006:‘; —— 0.990 (0.710. 1.379) 7.75

ji et al. 2000° —_— .179(0.714, 1.947) 6.

i:;];ne:loié elO:LDIQ%IS —t e i.:zg tg.?;o. :.372; :;i

Subtotal (I-squared =0.0%, P =0.911) <3,' 1.083 (0.869, 1.350) 27.07

. 1

Negroid i

Sandrim et al. 2006 '3 -+ 1.226 (0.686, 2.192) 6.02

Subtortal (I-squared =.%,p=.) —::;— 1.226 (0.686, 2.192) 6.02

. 1

Overall (I-squared = 78.5%.p < 0.001 ) o 1.288 (1.005, 1.650) 100.00
1

NOTE: Weights are from random effects analysis !

T T
179 1 5.59

Figure 2. Forest plots for dominant model of endothelial nitric oxide synthase (eNOS) intron 4a/b
polymorphisms associated with hypertension and essential hypertension (EH). Forest plots for dominant
model of eNOS intron 4a/b polymorphisms associated with hypertension and EH according to (a) subgroup

and (b) Hardy—Weinberg equilibrium.

OR, odds ratio; Cl, confidence interval, HWE, Hardy—Weinberg equilibrium.

NO and citrate. In vascular endothelial
cells, NO can relax vascular smooth
muscle, inhibit endothelial cell prolifera-
tion, relax blood vessels, and regulate
blood pressure.

The eNOS gene is located in the p35-p36
region on the seventh pair of chromosomes,
with a total length of about 21 kb. It con-
tains 26 exons and 25 introns, and its
encoded mRNA can be translated into
1203 amino acids. In normal physiological
states, the continuous production of endog-
enous NO in the human body is mainly reg-
ulated by eNOS. Polymorphisms of the

eNOS gene thus affect the concentration
of NO in the body by altering the functions
of eNOS. The studies of eNOS gene poly-
morphisms related to EH in the current
meta-analysis mainly included the G894T
mutation on exon 7°*, the variable number
of tandem repeats (VNTR) in the fourth
intron, and the T786C mutation located in
the eNOS promoter region.”> The eNOS
gene has an approximately 27-bp VNTR
on the 4th intron, which can be divided
into two alleles according to the number
of repeats: the a allele is repeated four
times and the b allele is repeated five times.
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(b)

Study
ID

HWE
Gamil etal. 2017 ©

%

OR (95% CI) Weight

1.463 (0.833, 2.569) 6.15

No HWE
Nejatizadeh et al. 2008 16
Subtotal (I-squared=.%,P=.)

Overall (I-squared = 78.5%.P < 0.001 )

‘Wrzosek et al. 201522 ——r 1.041 (0.801, 1.353) 8.17
'
Vasconcellos et al. 2010 ~ ——?— 1.285(0.754, 2.191) 6.35
Benedetto et al. 2007 *° - 1.142 (0.562, 2.319) 5.19
Deng et al. 2007 ! —_— 1.200 (0.650, 2.216) 5.80
Sandrim et al. 2007 _— 0.612(0.319, 1.176) 5.54
Zhao et al. 2006 > —_— 0.990 (0.710, 1.379) 7.75
Sandrim et al. 2006 1 —_— 1.303 (0.699, 2.427) 5.75
Sandrim et al. 2006 18 _— 1.226 (0.686, 2.192) 6.02
Sandrim et al. 2007 —_— 0.965 (0.610, 1.525) 6.89
17
Rodriguez-Esparragon et al. 2003 —i—.— 1.674 (1.103, 2.541) 7.17
Shoji et al. 2000 ** — T 1.179 (0.714, 1.947) 6.58
%
Miyamoto et al. 1998 = —— 1.129(0.720, 1.772) 6.94
Jemaa et al. 2009 — 1.447 (1.054, 1.986) 7.84
Subtotal (I-squared = 0.0%, P = 0.556) < 1167 (1.038, 1.313) 92.14

<> 4.080(2.979, 5.589) 7.86

1.288 (1.005, 1.650) 100.00

1
'
:
: —#—> 4.080(2.979, 5.589) 7.86
i
i
1
1

NOTE: Weights are from random effects analysis
T

A79

Figure 2. Continued.

Uwabo et al*® studied the relationship
between the eNOS 27-bpVNTR polymor-
phism and EH in a population north of
Tokyo, and showed that the frequency of
the a allele was significantly higher in the
EH group compared with the control
group, whereas logistic regression analysis
suggested that the a allele might be a genetic
marker of EH in Japanese patients. The
current study showed that the eNOS
intron 4a/b a locus was significantly associ-
ated with increased susceptibility to hyper-
tension in the overall population and in
Caucasians according to the dominant and
heterozygote models, in the Black popula-
tion according to the heterozygote model,
and in the mixed population according to
the allelic model. The eNOS intron 4a/b a
locus was also significantly associated with

1 5.59

an increased risk of EH in the overall pop-
ulation according to the dominant and het-
erozygote models, in the mixed population
according to the heterozygote and allelic
models, and in Asians according to the het-
erozygote model.

No previous meta-analyses have
reported on the associations between
eNOS intron 4a/b gene polymorphisms
and susceptibility to hypertension and EH.
Fan et al.?® reported that the rs2241766
polymorphism was associated with a signif-
icant increase in hypertension risk while the
rs1501299 polymorphism might play a pro-
tective role against hypertension in
Caucasians. Jiao et al.?’ found that the
serotonin transporter (5-HTT) L/S poly-
morphism and endothelin 1 (ENDI)
rs5370 polymorphism were correlated with
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A
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Figure 3. Funnel plot analysis of all included studies.
OR, odds ratio; s.e., standard error.
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Table 3. Meta-analysis of endothelial nitric oxide synthase intron 4a/b polymorphisms and susceptibility to

essential hypertension.

P value
N (case/
Gene type Race control) OR(95%Cl) P 12 P# Begg Egger
aa vs bb+ab
Overall 2120/2147 1.747 (0.823,3.708) 0.003 69.7% 0.146 0.764 0.587
Mixed 612/430 3.109 (0.627,15.424) 0.034 77.8% 0.165 0.999 —
Caucasian 636/849 1.104 (0.632,1.928) 0.535 0.0% 0.729 0.999 -
Asian 872/868 1.298 (0.527,3.197) 0.581 0.0% 0.571 0.999 0.378
HWE 1665/1802 1.161 (0.741,1.817) 0906 0.0% 0515 0.452 0.138
No HWE 455/345 6.297 (3.293,12.041) — — <0.001 — —
aa+ab vs bb
Overall 2120/2147 1.466 (0.941,2.285) <0.001 89.0% 0.091 0.764 0.945
Mixed 612/430 2.512 (0.921,6.853) 0.002 89.7% 0.072 0.999 —
Caucasian 636/849 1.283 (0.808,2.036) 0.059 72.0% 0291 0.999 -
Asian 872/868 1.061 (0.831,1.356) 0819 0.0% 0.634 0.296 0.185
HWE 1665/1802 1.157 (0.984,1.361) 0.394 3.5% 0.077 0.452 0.228
No HWE 455/345 4.080 (2.979,5.589) — — <0.001 — -
aa vs bb
Overall 2120/2147 1.942 (0.808,4.665)  <0.001 77.6% 0.138 0.764 0.567
Mixed 612/430 3.965 (0.645,24.39) 0018 82.2% 0.137 0.999 -
Caucasian  636/849 1.158 (0.660,2.032) 0413 0.0% 0.610 0.999 -
Asian 872/868 1.316 (0.533,3.246) 0.581 0.0% 0.551 0.999 0.391
HWE 1665/1802 1.220 (0.776,1.917) 0.870 0.0% 0.388 0.452 0.142
No HWE 455/345 9.049 (4.693,17.449) — — <0.001 - -
ab vs bb
Overall 2120/2147 1.400 (0.970,2.020) <0.001 82.4% 0.072 0.548 0.937
Mixed 612/430 2.264 (1.047,4.896) 0.022 81.0% 0.038 0.999 -
Caucasian 636/849 1.279 (0.813,2.012) 0.073 68.8% 0.288 0.999 —
Asian 872/868 1.042 (0.810,1.340) 0900 0.0% 0.748 0.999 0.486
HWE 1665/1802 1.146 (0.973,1.349) 0443 0.0% 0.102 0.707 0.313
No HWE 455/345 3.240 (2.308,4.547) <0.001 - -
avsb
Overall 2120/2147 1.426 (0.925,2.197) <0.001 91.2% 0.108 0.764 0.825
Mixed 612/430 2.291 (0.822,6.380) <0.001 93.1% 0.113 0.999 -
Caucasian 636/849 1.226 (0.830,1.811) 0.064 70.8% 0.307 0.999 —
Asian 872/868 1.074 (0.857,1.346) 0.686 0.0% 0.537 0.296 0.047
HWE 1665/1802 1.135 (0.987,1.304) 0432 0.0% 0.075 0.260 0.192
No HWE 455/345 3.791 (2.914,4.930) <0.001 — —

*P value for heterogeneity (x°);

significantly increased risks of pulmonary
arterial hypertension (PAH), whereas the
S5-HTT L allele increased susceptibility to idi-
opathic PAH and PAH in chronic obstructive
pulmonary disease. Wang et al.*® concluded

#P value of pooled statistic.
OR, odds ratio; Cl, confidence interval; HWE, Hardy—Weinberg equilibrium.

that there were no significant relationships
between the atrial natriuretic peptide (AN P)
T2238C and G1837A gene polymorphisms
and the risk of EH, but conversely, the
ANP T1766C gene polymorphism may be
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Figure 4. Forest plots for dominant model of endothelial nitric oxide synthase (eNOS) intron 4a/b poly-
morphisms associated with essential hypertension (EH). Forest plots for dominant model of eNOS intron
4a/b polymorphisms associated with EH according to (a) subgroup and (b) Hardy—Weinberg equilibrium
EH. OR, odd ratio; Cl, confidence interval, HWE, Hardy—Weinberg equilibrium.
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Figure 5. Funnel plot analysis of included studies for essential hypertension.

OR, odds ratio; s.e., standard error.

associated with the risk of EH, while the
1766C allele might protect against EH.

In the current meta-analysis, the eNOS
intron 4a/b a locus was significantly associ-
ated with an increased risk of hypertension
(including EH) in the overall population
according to all the tested models, in the
mixed population according to the regres-
sive model, and in Caucasians according to
the dominant allelic, heterozygote, and
regressive models, respectively. However,
the eNOS intron 4a/b a locus was only sig-
nificantly associated with increased EH
susceptibility in the mixed population
according to the heterozygote model.

The results of studies on the relation-
ships between EH, gestational hyperten-
sion, and eNOS gene polymorphisms are
not consistent, and show ethnic and region-
al differences. Moreover, most studies have
focused on a single gene locus, while few
studies focused on the simultaneous actions
of multiple gene loci.>”*® However, contin-
uous development and progress in molecu-
lar biology technology means that different
animal models can be designed for further
study of EH-related genes, and large-
sample multi-gene loci studies can be car-
ried out in different regions and ethnic

groups to obtain more reliable results, in
line with the need to clarify the pathogene-
sis and provide more effective treatments
for hypertension. Although we tested for
heterogeneity among the included studies
in this meta-analysis using y* and I? tests,
the number of studies was limited, and
more studies with larger samples in differ-
ent ethnic groups and different geographic
regions are needed.

The current study had certain limita-
tions: (1) only English and Chinese articles
were included; (2) individual studies had
different exclusion/inclusion criteria; (3)
the severities of hypertension, EH, and
GH differed among the studies; (4) the
number of studies was limited, especially
in relation to GH; and (5) pooled data
were analyzed because individual patient
data were not available, thus precluding
more in-depth analyses.In conclusion, the
current meta-analysis determined that
eNOS intron 4a/b gene polymorphisms
may affect the susceptibility to hyperten-
sion, including EH.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.



Xu et al.

13

Funding

The author(s) disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: Fhis—werk
was—supportedby the National Key Research
and  Development Program of China
ROSYFCHI04903  and 208YECIT70490):  the

o emi of
I EH'I Ed .gl . f[;; e

ORCID iD

Zhuyuan Fang (® https://orcid.org/0000-0002-
0216-9075

References

1.

Gamboa A, Shibao C, Diedrich A, et al.
Contribution of endothelial nitric oxide to
blood pressure in humans. Hypertension
2007, 49: 170-177. DOI: 10.1161/01.
hyp.0000252425.06216.26.

Hall JE, Granger JP, Do Carmo JM, et al.
Hypertension: physiology and pathophysiol-
ogy. Compr Physiol 2012; 2: 2393-2442.
DOI: 10.1002/cphy.c110058.

Huang PL, Huang Z, Mashimo H, et al.
Hypertension in mice lacking the gene
for endothelial nitric oxide synthase.
Nature 1995; 377: 239-242. DOI: 10.1038/
377239a0.

Morgan L, Foster F, Hayman R, et al.
Angiotensin-converting enzyme insertion-
deletion polymorphism in normotensive
and pre-eclamptic pregnancies. J Hypertens
1999; 17: 765-768. DOI: 10.1097/00004872-
199917060-00007.

Abel N, Contino K, Jain N, et al. Eighth
Joint  National = Committee  (JNC-8)
Guidelines and the outpatient management
of hypertension in the African-American
population. N Am J Med Sci 2015; 7:
438-445. DOI: 10.4103/1947-2714.168669.
Xiang C and Yang S. The gene polymor-
phism of endothelial nitric oxide synthase
and essential hypertension. Journal of
Yangtze University (Natural Science) 2014;
27: 114-117.

10.

12.

13.

14.

. Padmanabhan S,

Caulfield M and
Dominiczak AF. Genetic and molecular
aspects of hypertension. Circ Res 2015;
116: 937-959. DOI: 10.1161/circresaha.116.
303647.

. Serrano NC. Immunology and genetic of

preeclampsia. Clin Dev Immunol 2006; 13:
197-201. DOI: 10.1080/17402520600876903.

. Xiang W, Chen H, Shen H, et al. Expression

of endothelial nitric oxide synthase transport
mediators in umbilical blood ducts of pre-
eclampsia patients. Chinese Journal of
Eugenics and Genetics 2006; 14: 23-24.
Benedetto C, Marozio L, Ciccone G, et al.
Synergistic effect of renin-angiotensin
system and nitric oxide synthase genes poly-
morphisms in pre-eclampsia. Acta Obstet
Gynecol Scand 2007; 86: 678-682. DOI:
10.1080/00016340701415269.

. Deng F, Hu Q, Tang B, et al. Endothelial

nitric oxide synthase gene intron 4, 27 bp
repeat polymorphism and essential hyper-
tension in the Kazakh Chinese population.
Acta Biochim Biophys Sin (Shanghai) 2007;
39: 311-316. DOI: 10.1111/j.1745-7270.
2007.00285.x.

Gamil S, Erdmann J, Abdalrahman 1B, et al.
Association of NOS3 gene polymorphisms
with essential hypertension in Sudanese
patients: a case control study. BMC Med
Genet 2017; 18: 128. DOI: 10.1186/s12881-
017-0491-7.

Gouni-Berthold I, Giannakidou E, Miller-
Wieland D, et al. Peroxisome proliferator-
activated receptor-gamma?2 Prol2Ala and
endothelial nitric oxide synthase-4a/b gene
polymorphisms are not associated with
hypertension in diabetes mellitus type 2.
J Hypertens 2005; 23: 301-308. DOI:
10.1097/00004872-200502000-00012.

Jemaa R, Ben Ali S, Kallel A, et al.
Association of a 27-bp repeat polymorphism
in intron 4 of endothelial constitutive nitric
oxide synthase gene with hypertension in a
Tunisian population. Clin Biochem 2009; 42:
852-856. DOI: 10.1016/j.clinbiochem.2008.
12.002.

. Miyamoto Y, Saito Y, Kajiyama N, et al.

Endothelial nitric oxide synthase gene is pos-
itively associated with essential


https://orcid.org/0000-0002-0216-9075
https://orcid.org/0000-0002-0216-9075
https://orcid.org/0000-0002-0216-9075
akumar7
Cross-Out

akumar7
Inserted Text
This work was supported by the Jiangsu Province's Outstanding Traditonal Chinese Medical Academic Leader Program (SLJ0201); and A Project Funded by the Priority Academic Program Development of Jiangsu Higher Education Institutions ([2018]87).


Journal of International Medical Research

16.

17.

18.

19.

20.

21.

hypertension. Hypertension 1998; 32: 3-8.
DOI: 10.1161/01.hyp.32.1.3.

Nejatizadeh A, Kumar R, Stobdan T, et al.
Endothelial nitric oxide synthase gene hap-
lotypes and circulating nitric oxide levels sig-
nificantly associate with risk of essential
hypertension. Free Radic Biol Med 2008;
44: 1912-1918. DOI: 10.1016/j.freerad-
biomed.2008.02.004.

Rodriguez-Esparragdn FJ, Rodriguez-Pérez
JC, Macias-Reyes A, et al. Peroxisome
proliferator-activated receptor-gamma2-
Prol2Ala and endothelial nitric oxide
synthase-4a/b gene polymorphisms are
associated with essential hypertension.
J Hypertens 2003; 21: 1649-1655. DOI:
10.1097/01.hjh.0000084719.53355.20.
Sandrim VC, Coelho EB, Nobre F, et al.
Susceptible and protective eNOS haplotypes
in hypertensive black and white subjects.
Atherosclerosis 2006; 186: 428-432. DOI:
10.1016/j.atherosclerosis.2005.08.003.
Sandrim VC, De Syllos RW, Lisboa HR,
et al. Influence of eNOS haplotypes on the
plasma nitric oxide products concentrations
in hypertensive and type 2 diabetes mellitus
patients. Nitric Oxide 2007; 16: 348-355.
DOI: 10.1016/j.n10x.2006.12.007.

Shoji M, Tsutaya S, Saito R, et al. Positive
association of endothelial nitric oxide syn-
thase gene polymorphism with hypertension
in northern Japan. Life Sci 2000; 66:
2557-2562. DOI: 10.1016/s0024-3205(00)
00589-0.

Vasconcellos V, Lacchini R, Jacob-Ferreira
AL, et al. Endothelial nitric oxide synthase
haplotypes associated with hypertension do
not predispose to cardiac hypertrophy. DNA

22.

23.

24.

25.

26.

27.

28.

Cell Biol 2010; 29: 171-176. DOI: 10.1089/
dna.2009.0955.

Wrzosek M, Sokal M, Sawicka A, et al.
Impact of obesity and nitric oxide synthase
gene G894T polymorphism on essential
hypertension. J Physiol Pharmacol 2015;
66: 681-689.

Zhao Q, Su SY, Chen SF, et al. Association
study of the endothelial nitric oxide synthase
gene polymorphisms with essential hyperten-
sion in northern Han Chinese. Chin Med J
(Engl) 2006; 119: 1065-1071.

Pathan K, Cohen L. Resistant
Hypertension: Where are We Now and
Where Do We Go from Here? Integr Blood
Press Control 2020; 13: 83-93.

Uwabo J, Soma M, Nakayama T, et al
Association of a variable number of
tandem repeats in the endothelial constitu-
tive nitric oxide synthase gene with essential
hypertension in Japanese. A4m J Hypertens
1998; 11: 125-128.

Fan W, Qu X, Li J, et al. Associations
between polymorphisms of the ADIPOQ
gene and hypertension risk: a systematic
and meta-analysis. Sci Rep 2017; 7: 41683.
DOI: 10.1038/srep41683.

Jiao YR, Wang W, Lei PC, et al. 5S-HTT,
BMPR2, EDNI, ENG, KCNAS5 gene poly-
morphisms and susceptibility to pulmonary
arterial hypertension: A meta-analysis. Gene
2019; 680: 34-42. DOI  10.1016/j.
gene.2018.09.020.

Wang J, Wang Z and Yu C. Association of
polymorphisms in the atrial natriuretic
factor gene with the risk of essential hyper-
tension: a systematic review and meta-anal-
ysis. Int J Environ Res Public Health 2016;
13: 458. DOI: 10.3390/ijerph13050458.



	table-fn1-0300060520979230
	table-fn2-0300060520979230
	table-fn3-0300060520979230
	table-fn4-0300060520979230



