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Abstract

Introduction: Apelin plays an important part in regulating blood pressure, metabolism, and the development of cancer.
Recent studies have investigated the association of apelin polymorphisms and hypertension risk, but no meta-analysis
has been conducted.

Materials and methods: Five studies were included in this meta-analysis in total. The pooled odds ratio and its
corresponding 95% confidence interval were calculated by the random-effect model.

Results: The overall pooled odds ratio of the distribution of rs3761581 G allelic frequency was 0.90 (95% confidence
interval: 0.82—1.00). In female participants, the pooled odds ratio of the frequency of G allele was .01 (95% confidence
interval: 0.89—1.14). For males, the pooled odds ratio of the frequency of G allele was 0.69 (95% confidence interval:
0.46—1.03). As for rs56204867, the overall pooled odds ratio of the frequency of G allele was 1.09 (95% confidence
interval: 0.86—1.37). In females, the pooled odds ratio of the frequencies of the G allele was 1.05 (95% confidence
interval: 0.86—1.29). In male participants, the frequency of G allele did not show significant correlation with hypertension
(pooled odds ratio=1.21 95% confidence interval: 0.81-1.79).

Conclusion: This meta-analysis revealed that there was no correlation between apelin polymorphisms, rs3761581 and
rs56204867, and the prevalence of hypertension.
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Introduction angiotensin-converting enzyme 2 (ACE2), and the apelin/
APJ system.!* Deeper understanding of the role of these
genes in mediating hypertension or their correlation with
hypertension may provide a promising strategy for hyper-
tension prevention.

Essential hypertension (EH) is regarded as a clinical syn-
drome characterized by increased blood pressure (systolic
blood pressure (SBP)=140 mm Hg/diastolic blood pres-
sure (DBP)=90 mm Hg) induced by environmental factors Apelin is an endogenous ligand of an orphan G pro-
and genetic factors, which often leads to damage or dys- tein-coupled receptor APJ. Its encoding apelin gene

function of other organs. Blood pressure can be ameliorated (APLN) is located on chromosome Xq25-26.1.5 The ape-
under the modulation of hypertensive risk factors, such as

the lipid and glucose levels. The EPIC-Norfolk study sug-
gested that 93% of the cardiovascular risk could be 'NHC Key Laboratory of Radiobiology (Ministry of Health), Jilin
decreased by hemoglobin Alc (HbAlc) and cholesterol University, P.R. China

intervention, when body mass index (BMI), diet, physical 2China-Japan Union Hospital, Jilin University, Changchun, Jilin, China
activity, smoking activity were under control. On the other *These two authors contributed equally to this study.

hand, genetic factors provide a promising future for the pre- .
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physiological or pathophysiological conditions, including
blood pressure,® angiogenesis,’ energy metabolism,® and
cardiac contractility.® The apelin/APJ system may play an
important role in both vasoconstriction and vasodilation
and, thus, regulating blood pressure. However, its detailed
mechanism in regulating hypertension remains contradic-
tory and elusive. Multiple studies investigated the associ-
ation of apelin-APJ polymorphisms with the prevalence
of hypertension in the population of various ethnicities.
These single nucleotide polymorphism (SNP), loci
include rs3115757, rs56204867, rs7119375, rs3761581,
rs909656,  1rs5975126, rs10501367, rs11544374,
1r$2235306, and rs2235307 of apelin or APJ.*10-19 And the
results were debatable among different regions and
genders.

Considering the limited studies of other apelin/APJ sys-
tem SNPs, this study targeted rs3761581 and rs56204867.
As for the apelin SNP locus rs3761581, seven studies were
identified. One study was based on the population of
Mexican-Mestizo ethnic origin and did not find any sig-
nificant correlation of this SNP locus with the prevalence
of hypertension (p=0.1707).1° Another study based on the
Indian population failed to observe an association of
rs3761581 with the hypertensive risk as well.!! However,
among the Chinese Han population, the results were con-
flicting. In the Southern Chinese population (Fujian), the T
allele of rs3761581 was correlated with the higher preva-
lence of hypertension (odds ratio (OR)=1.949, 95% confi-
dence interval (CI): 1.205-3.154, p=0.007 for males;
OR=2.000, 95% CI: 1.327-3.013, p=0.001 for females).!2
Zhu et al. demonstrated the association of rs3761581 with
hypertension as well (P=0.008 for males, P=0.009 for
females).!> One study which recruited participants from
Eastern China (Shanghai) reported an association of the T
allele of this SNP locus in male participants with hyperten-
sion (p=0.0156), which was absent in female counterparts
(p=0.3882).1® While among the Northern Chinese popula-
tion (Heilongjiang), there was no significantly different
hypertension risk between different genotypes (p=0.809
for male, p=0.684 for female).'3 Although Li et al. included
rs3761581 in their study, they did not discuss its associa-
tion with hypertension since the data did not satisfy the
Hardy-Weinberg Equilibrium (HWE).2

For rs56204867, seven studies were identified. The
study based on Mexican-Mestizo ethnic origin demon-
strated the lack of association of this SNP with hyperten-
sion (p=0.0769).19 In the Southern Chinese population
(Fujian), the C allele was found to be associated with
hypertension in males (OR=2.410, 95% CI: 1.490-3.891,
»<0.001) and females (OR=2.052, 95% CI: 1.213-3.470,
p=0.007).12 Another study based on the Southern Chinese
population also reported the association of rs56204867
and hypertension in males (p<<0.001).!> One study based
on Eastern China (Shanghai) population did not find a sig-
nificant relationship of rs56204867 and hypertension in

both males (p=0.07) and females (p=0.4621).1¢ In the
Northeastern Chinese population (Heilongjiang), one
study demonstrated the significant association between
r$56204867 and hypertension in both females (p=0.001)
and males (p=0.001),2° which was absent in another study
(p=0.922 for males and p=0.251 for females).!3

Considering the conflicting results of these studies
regarding the association of apelin polymorphisms and
hypertension in the Chinese population, this meta-analysis
was performed to obtain a more comprehensive and pre-
cise result. Since meta-analysis of the association between
apelin and hypertension has never been reported yet, our
study is the first to focus on this correlation.

Materials and methods

Publication search and inclusion criteria

The online databases including PubMed, Web of Science,
Embase, China Biological Medicine Database, China
National Knowledge Infrastructure, and WanFang were
used for the publication search. The search process was
conducted by two authors independently. Although several
studies written in Chinese were identified, those studies
were excluded since the participants in those studies have
been included in other published articles. The medical sub-
ject heading we used was ‘“hypertension,” “apelin or
APLN,” and “polymorphism or mutation or variant.” The
studies were included based on the following inclusion cri-
teria: (a) the studies demonstrated the association of apelin
or APLN polymorphisms with hypertension; (b) the hyper-
tension diagnosis was SBP=140 mm Hg, DBP=90 mm
Hg. The presence of secondary hypertension was excluded.

Data extraction

Based on the inclusion criteria and after HWE evaluation,
three studies regarding rs3761581 and five studies about
1s56204867 were included in this study. Data were
extracted from these studies, including the author, publica-
tion year, region, the design of the study (whether case-
control study or cross-sectional study), the sample size of
hypertensive group and control group, the source of sam-
ple, and the number of genotypes or alleles in female and
male participants.

Statistical analysis

The ORs and the corresponding 95% CI were used to eval-
uate the association of apelin polymorphism and hyperten-
sive risk. The Review Manager 5.3 software (The Cochrane
Collaboration, Oxford, UK) was used for meta-analysis.
The random-effect model (DerSimonian and Laird’s
method) was applied for meta-analysis.?! Chi-square-
based Q-test was performed to evaluate the heterogeneity
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between these studies. The heterogeneity was considered
significant when p<<0.10. /? was used for heterogeneity
evaluation as well. The assessment of heterogeneity
using 7 statistics was based on following criteria: /=
0-25%, no heterogeneity; ’=25-50%, moderate heteroge-
neity; =50-75%, large heterogeneity; I’=75-100%,
extreme heterogeneity.?> The significance of the pooled
OR was evaluated by the Z-test. The result with a p<<0.05
was significant. The funnel plot was applied to evaluate
the publication bias. The asymmetry of the funnel plot was
assessed by Egger’s test. The HWE was tested by Fisher’s
exact test. As for the sensitivity analysis, we deleted one
study each time and investigated if there was any modula-
tion of pooled ORs and heterogeneity. The Chi-square test
was used for comparison of frequencies of mutated alleles
between different groups. All the statistical analyses were
performed through Review Manager 5.3, Stata 15.0 soft-
ware (Stata Corporation, College Station, Texas, USA),
and SPSS version 23.0 (SPSS, Inc., Chicago, Illinois,
USA). All p values were two-sided.

Results

The flow of included studies

According to our search strategy, 25 potential studies were
searched. Two review articles were excluded.?>?* Four
studies not associated with apelin polymorphisms were
excluded.?>-2% Six studies not suitable for hypertension
study were excluded.!#19-25:29-33 Two studies only included
other apelin polymorphisms were excluded.!®!1? Six stud-
ies were excluded, from which appropriate data cannot be
extracted.#10:11.153435 Among excluded studies, although
two studies based on the Indian population and Mexican-
Mestizo ethnic origin were identified, these two studies
were excluded because of limited sample size and low fre-
quency of mutated alleles, the OR value of which cannot
be estimated.!%!! The study of Zhu et al. was excluded
since it was based on the same participants as the study of
Huang et al.'>!5 As for rs3761581, the study of Li et al.
was excluded considering its dissatisfaction of HWE.20 All
articles included possible confounding factors for hyper-
tension, such as the BMI, age, low-density lipoprotein
(LDL), and high-density lipoprotein (HDL). This flow of
included studies was demonstrated in Figure 1.

Study characteristics

The characteristics of the included studies are shown in
Table 1 and Table 2. In three studies regarding the
rs3761581, the participants were from Southern, Eastern,
and Northeastern China, respectively. Two of these studies
were case-control studies and one was a cross-sectional
study. Two were population-based and one was hospital-
based. Among the five studies about rs56204867, two

Potential studies were
searched (n=25)

?| Studies excluded for review (n=2)

Potential studies were
evaluated (n=23)

Studies excluded for no association
with Apelin SNPs (n=4)

Details of these studies
were evaluated (n=19)

»| Studies not suitable for hypertension
study were excluded (n=6)

h 2

Potential included studies
were analyzed (n=13)

Studies excluded for polymorphisms
other than rs3761581 or rs56204867
(n=2)

Potential included studies
were evaluated (n=11)

Appropriate data cannot
be extracted (n=6)

These studies were
included (n=5)

Figure |I. The flow diagram of studies included for apelin
polymorphisms and hypertensive risk meta-analysis. SNP: single
nucleotide polymorphism.

studies included participants in Northeastern China, two
studies in Eastern China and one study in Southern China.
One study was a cross-sectional study, while others were
case-control studies. Three were population-based, while
two were hospital-based.

Description of data

Since the apelin (APLN) gene locates at the X chromo-
some, the data were analyzed separately after dividing into
two groups by sex. For rs3761581, the frequency of the G
allele was 36.2% in the female hypertension group and
38.4% in normal counterparts (p=0.075). The prevalence
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Table I. The characteristics of the studies regarding the association of rs3761581 and hypertension.

First Year Region Study Sample Source of Genotypes in female Alleles in
author design size (EH/ samples male
control)
TT TG GG T G
Huang'? 2016 Fujian Cross- 556/475 Population- 220 305 108 246 152
Southern China sectional based
Lit3 2016 Heilongjiang Case- 650/645 Population- 289 245 75 410 276
Northeastern China control based
Niu'é 2010 Shanghai Case- 969/980 Hospital- 408 401 155 625 360
Eastern China control based

EH: essential hypertension.

Table 2. The characteristics of the studies regarding the association of rs56204867 and hypertension.

First Year Region Study Sample Source of Genotypes in Alleles in
author design size (EH/ samples female male
control)
AA AG GG A G

Huang'? 2016 Fujian Cross- 556/475 Population- 242 283 108 24| 157
Southern China sectional based

Li'3 2016 Heilongjiang Case- 650/645 Population- 280 260 69 455 231
Northeastern China control based

Niu'é 2010 Shanghai Case- 969/980 Hospital- 617 246 101 744 24|
Eastern China control based

Li20 2015 Heilongjiang Case- 1009/756 Hospital- 347 385 78 646 309
Northeastern China control based

Jial? 2015 Jiangsu Case- 222/250 Population- 125 88 17 183 59
Eastern China control based

EH: essential hypertension.

of the TT/TG/GG genotype was 42.7%/40.5%/16.9% in
hypertensive patients and 40.3%/46.2%/13.5% in normal
participants. In male participants, the frequency of G allele
in hypertensive participants and control group was 34.1%
and 41.7%, respectively (p<<0.001). For rs56204867, the
frequency of the G allele was 32.0% in female patients and
29.6% in normal counterparts (p=0.038). The prevalence
of the AA/AG/GG genotype was 48.5%/38.8%/12.6% in
hypertensive patients and 50.9%/38.9%/10.2% in normal
participants. In male participants, the frequency of the G
allele in hypertensive participants and control group was
32.3% and 28.6%, respectively (p=0.020).

Meta-analysis result

As for the genetic variant rs3761581 of apelin, 2175 hyper-
tensive patients and 2100 normal participants were
recruited. The HWE was tested and evaluated for the con-
trol group in included studies. No study was found to be
deviated from the HWE (data not shown). As shown in
Figure 2 and Table 3, the pooled OR of the distribution of
G allelic frequency was 0.90 (95% CI: 0.82—1.00), regard-
less of sex. The results of heterogeneity comparison

indicated that these studies were not significantly different
(p=0.61, I’=0%). The difference between the hypertension
group and the control group was not significant as well
(»p=0.05). In female participants, the frequency of the G
allele in hypertensive patients (36.2%) was not signifi-
cantly different than that in normal counterparts (38.4%)
(»p=0.075). The pooled OR of the frequency of the G allele
was 1.01 (95% CI: 0.89-1.14) (Figure 2 and Table 3). The
heterogeneity comparison did not exhibit a significant dif-
ference between these studies (p=0.49, ’=0%). Moreover,
as was indicated in the overall effect, the difference
between the hypertension group and normal counterparts
was not significant as well (p=0.89). Under the dominant
model of inheritance, the pooled OR of GG+TG/TT value
was 0.84 (95% CI: 0.56—1.25). Large heterogeneity was
observed in this comparison (p=0.006, /’=81%). There
was no significant relationship between GG+TG/TT and
the prevalence of hypertension (Z=0.86, p=0.39) (Figure 2
and Table 3). The recessive model of inheritance was also
evaluated in female subjects. The result indicated the lack
of significant association of GG/TT+TG and hypertension
(pooled OR=1.34 95% CI: 0.73-2.48, Z=0.94 (p=0.35)),
with high heterogeneity among studies (p=0.003, />=83%)



Wang et al.

Heterogeneity: Tau® = 0.00; Chi* = 0.99, df = 2 (P = 0.61); I* = 0%
Test for overall effect: Z = 1.94 (P = 0.05)

1.1.2 FemaleGvs T

Wenguan Niu 2010 358 946 353 982 44.5%
Guofeng Li 2016 206 656 189 562 26.4%
Feng Huang 2016 315 766 206 500 29.1%
Subtotal (95% CI) 2368 2044 100.0%
Total events 879 748

Heterogeneity: Tau® = 0.00; Chi® = 1.41, df = 2 (P = 0.49); I = 0%
Test for overall effect: Z = 0.14 (P = 0.89)

1.1.3 Female GG+TG vs TT

Wenguan Niu 2010 281 473 275 491  35.5%
Guofeng Li 2016 167 328 153 281 32.8%
Feng Huang 2016 231 383 182 250 3L.7%
Subtotal (95% CI) 1184 1022 100.0%
Total events 679 610

Heterogeneity: Tau® = 0.10; Chi® = 10,36, df = 2 (P = 0.006); I = 81%
Test for overall effect: Z = 0.86 (P = 0.39)

1.1.4 Female GG vs TT+TG

Wenguan Niu 2010 77 473 78 491  35.7%
Guofeng Li 2016 39 328 36 281 32.2%
Feng Huang 2016 84 383 24 250  32.1%
Subtotal (95% CI) 1184 1022 100.0%
Total events 200 138

Heterogeneity: Tau® = 0.24; Chi* = 11.98, df = 2 (P = 0.003); I* = 83%
Test for overall effect: Z = 0.94 (P = 0.35)

L15MaleGvs T

Wenguan Niu 2010 163 496 197 489  36.5%
Guofeng Li 2016 128 322 148 364 34.5%
Feng Huang 2016 47 173 105 225  29.1%
Subtotal (95% CI) 991 1078 100.0%
Total events 338 450

Heterogeneity: Tau? = 0.10; Chi® = 9.30, df = 2 (P = 0.010); I* = 78%
Test for overall effect: Z = 1.84 (P = 0.07)

Hypertensives  Normotensives Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
L11IGvwvsT
Wenguan Niu 2010 521 1442 550 1471 44.9% 0.95[0.81, 1.101
Guofeng Li 2016 334 978 337 926  28.8% 0.91 [0.75, 1.09]
Feng Huang 2016 362 939 311 725  26.2% 0.84[0.69, 1.02]
Subtotal (95% CI) 3359 3122 100.0% 0.90 [0.82, 1.00]
Total events 1217 1198

1.08 [0.90, 1.31]
0.90 [0.71, 1.15]
1.00 [0.79, 1.25]
1.01 [0.89, 1.14]

1.15 [0.89, 1.48]
0.87 [0.63, 1.19]
0.57 [0.40, 0.80]
0.84 [0.56, 1.25]

1.03 [0.73, 1.45]
0.92 [0.57, 1.49]
2.65 [1.63, 4.30]
1.34 [0.73, 2.48]

4y
i

0.73 [0.56, 0.94]
0.96 [0.71, 1.31]
0.43 [0.28, 0.65]

E
o
——
0.69 [0.46, 1.03] s

0.01 0.1 10 100
Decreased EH risk Increased EH risk

Figure 2. Combined forest plots of hypertension associated with the apelin gene (APLN) single nucleotide polymorphism (SNP)

rs3761581. Cl: confidence interval; EH: essential hypertension.

(Figure 2 and Table 3). For males, the overall comparison
of the G allele and T allele indicated the lack of association
of this variant with hypertension risk (pooled OR=0.69,
95% CI: 0.46—-1.03, p=0.07) (Figure 2 and Table 3). The
heterogeneity was significant as well (p=0.010, 7=78%).
As for rs56204867, 3458 hypertensive patients and
3054 normal counterparts were included in this study. No
study was found to be deviated from HWE (data not
shown). The overall comparison between the G and A
allele in predisposing hypertension showed no significant
difference (pooled OR=1.09 95% CI: 0.86—1.37, p=0.49),
with high heterogeneity (p<<0.0001, ’=85%) (Figure 3
and Table 4). In females, the pooled OR of the frequencies
of the G allele was 1.05 (95% CI: 0.86—1.29). The hetero-
geneity among studies was high (p=0.01, ’=70%) (Figure
3 and Table 4). Under the dominant model of inheritance,
the pooled OR of the frequencies of GG+AG was 1.01
(95% CI: 0.77-1.34), with high heterogeneity (p=0.006,
I’=73%) (Figure 3 and Table 4). Under the recessive model
of inheritance, the GG genotype was not highly associated

with the prevalence of hypertension (pooled OR=1.22
95% CI: 0.87-1.69), with moderate heterogeneity (p=0.09,
’=50%) (Figure 3 and Table 4). In male participants, the
frequency of G allele did not show significant correlation
with hypertension (pooled OR=1.21 95% CI: 0.81-1.79).
The result indicated an extreme heterogeneity among stud-
ies (p<<0.0001, I=84%) (Figure 3 and Table 4).

Sensitivity analysis

In order to find the influence of an individual study on the
pooled ORs, we omitted one study each time and investi-
gated if there was any fluctuation of pooled ORs and het-
erogeneity. And we also used the fix-effect model and
random-effect model to test the result of meta-analysis as
well. Interestingly, for rs3761581, we found that when we
omitted the result of study of Huang et al., although the
overall pooled ORs did not vary significantly, the hetero-
geneity decreased dramatically (/>=45% in female
GG+TG vs TT analysis, 7=0% in female GG vs TT+TG
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Table 3. Comparisons of rs3761581 in different models for hypertension risk.

rs3761581 Pooled OR Z (p) 2 (%) p Value for Egger’s test
(95% ClI) heterogeneity p value
Models for females GvsT 0.90 (0.82—1.00) 1.94 (0.05) 0 0.61 0311
and males
Models for females GvsT 1.01 (0.89-1.14) 0.14 (0.89) 0 0.49 0.215
Dominant model GG+TGvsTT 0.84 (0.56—1.25) 0.86 (0.39) 8l 0.006 0.210
Recessive model GGvs TG+TT 1.34 (0.73-2.48) 0.94 (0.35) 83 0.003 0.674
Models for males GvsT 0.69 (0.46—1.03) 1.84 (0.07) 78 0.010 0.522
Cl: confidence interval; OR: odds ratio.
Hypertensives Normotensives Odds Ratio Odds Ratio

Study or Subgroup  Events  Total Events  Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI

211Gvs A

Wenquan Niu 2010 322 1442 367 1471 21.4% 0.86 [0.73, 1.03] =

Jinxin Li 2015 539 1470 311 1105 21.4% 1.48 [1.25, 1.75] -

Jian Jia 2015 B84 330 97 372 16.0% 0.97 [0.68, 1.36] -

Guofeng Li 2016 313 978 316 926  20.8% 0.91 [0.75, 1.10] -

Feng Huang 2016 416 991 240 673  20.4% 1.31[1.07, 1.60] -

Subtotal (95% CI) 5211 4547 100.0% 1.09 [0.86, 1.37] >

Total events 1674 1331

Heterogeneity: Tau® = 0.06; Chi* = 26.52, df = 4 (P < 0.0001); I* = 85%

Test for overall effect: Z = 0.69 (P = 0.49)

2.1.2 Female G vs A

Wengquan Niu 2010 213 946 235 982 22.3% 0.92 [0.75, 1.14] -

Jinxin Li 2015 341 922 200 698 22.3% 1.46 [1.18, 1.81) -

Jian Jia 2015 57 216 65 244 13.1% 0.99 [0.65, 1.49] s

Guofeng Li 2016 205 656 193 562  20.9% 0.87 [0.68, 1.10] .

Feng Huang 2016 307 766 192 500 21.3% 1.07 [0.85, 1.35] -

Subtotal (95% CI) 3506 2986 100.0% 1.05 [0.86, 1.29] L 2

Total events 1123 885

Heterogeneity: Tau? = 0.04; Chi* = 13.22, df = 4 (P = 0.01); I* = 70%

Test for overall effect: Z = 0.50 (P = 0.62)

2.1.3 Female GG+AG vs AA

Wenquan Niu 2010 166 473 181 491 22.7% 0.93 [0.71, 1.20] -

Jinxin Li 2015 287 461 176 349 22.0% 1.62 [1.22, 2.15] -

Jian Jia 2015 50 108 55 122 14.3% 1.05 [0.62, 1.77] o

Guofeng Li 2016 168 328 161 281 20.7% 0.78[0.57, 1.08] ]

Feng Huang 2016 231 383 160 250  20.3% 0.85[0.61, 1.19] -=r

Subtotal (95% CI) 1753 1493 100.0% 1.01 [0.77, 1.34] L 4

Total events 902 733

Heterogeneity: Tau® = 0.07; Chi® = 14.63, df = 4 (P = 0.006); I* = 73%

Test for overall effect: Z = 0.09 (P = 0.93)

2.1.4 Female GG vs AA+AG

Wenquan Niu 2010 47 473 54 491  25.3% 0.89 [0.59, 1.35] —-—

Jinxin Li 2015 54 461 24 349 21.2% 1.80 [1.09, 2.97] ——

Jian Jia 2015 7 108 10 122 8.6% 0.78[0.28, 2.12] —_—

Guofeng Li 2016 37 328 32 281  21.2% 0.99[0.60, 1.64] —

Feng Huang 2016 76 383 32 250  23.6% 1.69 [1.08, 2.64] .

Subtotal (95% CI) 1753 1493 100.0% 1.22 [0.87, 1.69] >

Total events 221 152

Heterogeneity: Tau® = 0.07; Chi® = 7.93, df = 4 (P = 0.09); ¥ = 50%

Test for overall effect: Z = 1.16 (P = 0.25)

2.1.5MaleGvs A

Wenquan Niu 2010 109 496 132 489 21.7% 0.76 [0.57, 1.02] =

Jinxin Li 2015 198 548 111 407 21.9% 1.51[1.14, 1.99] -

Jian Jia 2015 27 114 32 128 15.9% 0.93 [0.52, 1.68] -1

Guofeng Li 2016 108 322 123 364  21.2% 0.99 [0.72, 1.36) -

Feng Huang 2016 109 225 48 173 19.2% 2.45 [1.60, 3.74] -

Subtotal (95% CI) 1705 1561 100.0% 1.21 [0.81, 1.79] -«

Total events 551 446

Heterogeneity: Tau? = 0.17; Chi* = 24.84, df = 4 (P < 0.0001); ¥ = 84%

Test for overall effect: Z = 0.94 (P = 0.35)

0.01 0.1 1 100

Decreased EH risk Increased EH risk

Figure 3. Combined forest plots of hypertension associated with the apelin gene (APLN) single nucleotide polymorphism (SNP)

rs56204867. Cl: confidence interval; EH: essential hypertension.
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Table 4. Comparisons of rs56204867 in different models for hypertension risk.

rs56204687 Pooled OR Z (p) 2 (%) p Value for Egger’s test
(95% ClI) heterogeneity p value
Models for females Gvs A 1.09 (0.86—1.37) 0.69 (0.49) 85 <0.0001 0.808
and males
Models for females Gvs A 1.05 (0.86—1.29) 0.50 (0.62) 70 0.01 0.723
Dominant model GG+AG vs AA 1.01 (0.77-1.34) 0.09 (0.93) 73 0.006 0.808
Recessive model GG vs AG+AA 1.22 (0.87-1.69) 1.16 (0.25) 50 0.09 0.763
Models for males Gvs A 1.21 (0.81-1.79) 0.94 (0.35) 84 <0.0001 0.758
Cl: confidence interval; OR: odds ratio.
Hypertensives Normotensives 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M=-H, Random, 95% CI M=-H, Random, 95% Cl

1LL1GwsT

Wenquan Niu 2010 521 1442 550 1471 60.9% 0.95 [0.81, 1.10)

Guofeng Li 2016 334 978 337 926 39.1% 0.91[0.75, 1.09]

Feng Huang 2016 Omitted 362 939 311 725 0.0% 0.84 [0.69, 1.02]

Subtotal (95% CI) 2420 2397 100.0% 0.93 [0.83, 1.05]

Total events 855 887

Heterogeneity: Tau® = 0.00; Chi = 0.13,df = 1 (P = 0.72); ¥ = 0%

Test far overall effect: Z = 1.19 (P = 0.23)

112FemaleGvs T

Wengquan Niu 2010 358 946 353 982 59.2% 1.08 [0.90, 1.31]

Guofeng Li 2016 206 856 189 562  40.8% 0,90 [0.71, 1.15]

Feng Huang 2016 Omitted 315 766 206 500 0.0% 1.00[0.79, 1.25]

Subtotal (95% CI) 1602 1544 100.0% 1.01 [0.84, 1.20]

Total events 564 542

Heterogeneity: Tau® = 0.00; Chi® = 1.40, df = 1 (P = 0.24); I = 28%
Test for overall effect: Z = 0.07 (P = 0.94)

1.1.3 Female GG+TG vs TT

Wenquan Niu 2010 281 473 275 491 56.0%
Guofeng Li 2016 167 328 153 281  44.0%
Feng Huang 2016 Omitted 231 383 182 250 0.0%
Subtotal (95% CI) 801 772 100.0%
Total events 448 428

Heterogeneity: Tau® = 0.02; Chi® = 1.81, df = 1 (P = 0.18); I = 45%
Test for overall effect: Z = 0.11 (P = 0.91)

1.1.4 Female GG vs TT+TG

Wenquan Niu 2010 77 473 78 491  66.5%
Guofeng Li 2016 39 328 36 281  33.5%
Feng Huang 2016 Omitted 84 383 24 250 0.0%
Subtotal (95% CI) 801 772 100.0%
Total events 116 114

Heterogeneity: Tau® = 0.00; Chi* = 0.14, df = 1 (P = 0.71); I* = 0%

Test for overall effect: Z = 0.06 (P = 0.95)

1L15MaleGvsT

Wenquan Niu 2010 163 496 197 489 54.2%
Guofeng Li 2016 128 322 148 364 45.8%
Feng Huang 2016 Omitted a7 173 105 225 0.0%
Subtotal (95% CI) B18 853 100.0%
Total events 291 345

Heterogeneity: Tau® = 0.02; Chi* = 1.91,df = 1 (P = 0.17); I = 48%
Test for overall effect: Z = 1.36 (P = 0.18)
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Figure 4. Combined forest plots of hypertension associated with the apelin gene (APLN) single nucleotide polymorphism (SNP)
rs3761581 after omitting the study of Huang et al.'? Cl: confidence interval; EH: essential hypertension.

analysis and 7=48% in male G vs T analysis) (Figure 4).12
We found that this study was based on the Fujian popula-
tion in Southern China, which might be genetically differ-
ent from participants in other studies. This study also
included subjects with a history of hypertension and who
were using antihypertensive drugs. More importantly, the
age of hypertensive patients was significantly higher than
normal counterparts (p<<0.05 in both females and males),

which may lead to a higher mutation possibility and higher
frequency of the G allele in hypertensive patients. While
the age disparity between the patients and control group in
other studies was not significant (»p=0.850 for males and
p=0.271 for females in Li et al.’s study,’® p=0.724 for
males and p=0.106 for females in Niu et al.’s study).!® For
1s56204867, omitting Li et al.’s study, could decrease the
heterogeneity among studies without significant influence
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Hypertensives Normotensives Odds Ratio 0Odds Ratio
Study or Subgroup Events  Total Events  Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
211GvsA
Wengquan Niu 2010 322 1442 367 1471  28.6% 0.86 (0.73, 1.03] =
Jinxin Li 2015 Omitted 539 1470 311 1105 0.0% 1.48 [1.25, 1.75]
Jian Jia 2015 84 330 97 372 17.7% 0.97 [0.69, 1.36] T
Guofeng Li 2016 313 978 316 926 27.2% 0.91 [0.75, 1.10] -
Feng Huang 2016 416 4991 240 673  26.4% 1.31 [1.07, 1.60] ud
Subtotal (95% CI) 3741 3442 100.0% 1.00 [0.82, 1.22] L 3
Total events 1135 1020
Heterogeneity: Tau® = 0.03; Chi® = 10.38, df = 3 (P = 0.02); I = 71%
Test for overall effect: Z = 0.03 (P = 0.98)
2.1.2 Female G vs A
Wenguan Niu 2010 213 946 235 982  34.8% 0.92 [0.75, 1.14] -
Jinxin Li 2015 Omitted 341 922 200 698 0.0% 1.46 [1.18, 1.81)
Jian Jia 2015 57 216 65 244 9.0% 0.99 (0.65, 1.49] -1
Guofeng Li 2016 205 656 193 562 27.0% 0.87 [0.68, 1.10] -
Feng Huang 2016 307 766 192 500 29.2% 1.07 [0.85, 1.35] bl
Subtotal (95% CI} 2584 2288 100.0% 0.95 [0.84, 1.08] L
Total events 782 685
Heterogeneity: Tau® = 0.00; Chi® = 1.69, df = 3 (P = 0.64); I* = 0%
Test for overall effect: Z = 0.73 (P = 0.47)
2.1.3 Female GG+AG vs AA
Wengquan Niu 2010 166 473 181 491  38.9% 0.93 [0.71, 1.20] -
Jinxin Li 2015 Qmitted 287 461 176 349 0.0% 1.62 [1.22, 2.15]
Jian Jia 2015 50 108 55 122 10.0% 1.05 [0.62, 1.77] -
Cuofeng Li 2016 168 328 161 281  26.2% 0.78 [0.57, 1.08] =
Feng Huang 2016 231 383 160 250 24.8% 0.85 [0.61, 1.19] —.
Subtotal (95% CI) 1292 1144 100.0% 0.88 [0.75, 1.04] L
Total events 615 557
Heterogeneity: Tau® = 0.00; Chi* = 1.13, df = 3 (P = 0.77); I’ = 0%
Test for overall effect: Z = 1.53 (P = 0.13)
2.1.4 Female GG vs AA+AG
Wenguan Niu 2010 47 473 54 491 32.9% 0.89 [0.59, 1.35] —-—
Jinxin Li 2015 Omitted 54 461 24 349 0.0% 1.80 [1.09, 2.97]
Jian Jia 2015 7 108 10 122 10.0% 0.78 (0.28, 2.12] T
Guofeng Li 2016 37 328 32 281  26.8% 0.99 [0.60, 1.64] -
Feng Huang 2016 76 383 32 250  30.4% 1.69 [1.08, 2.64] —u—
Subtotal (95% CI) 1292 1144 100.0% 1.10 [0.78, 1.55] &
Total events 167 128
Heterogeneity: Tau® = 0.05; Chi® = 5.11, df = 3 (P = 0.16); I* = 41%
Test for averall effect: Z = 0.53 (P = 0.60)
2.1.5 Male Gvs A
Wenguan Niu 2010 109 496 132 489 27.3% 0.76 [0.57, 1.02] ]
Jinxin Li 2015 Omitted 198 548 111 407 0.0% 1.51[1.14, 1.99]
Jian Jia 2015 27 114 32 128 21.2% 0.93 [0.52, 1.68] .
Guofeng Li 2016 108 322 123 364 26.8% 0.99 [0.72, 1.36] B
Feng Huang 2016 109 225 48 173 24.7% 2.45 [1.60, 3.74] -
Subtotal (95% CI) 1157 1154 100.0% 1.14 [0.69, 1.87] -
Total events 353 335
Heterogeneity: Tau® = 0.21; Chi® = 20.31, df = 3 (P = 0.0001); I = 85%
Test for overall effect: Z = 0.51 (P = 0.61)
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Figure 5. Combined forest plots of hypertension associated with the apelin gene (APLN) single nucleotide polymorphism (SNP)
rs56204867 after omitting the study of Li et al.2% Cl: confidence interval; EH: essential hypertension.

on pooled ORs as well (72=0% in female G vs A analysis,
I’=0% in female GG+ AG vs AA analysis) (Figure 5). We
noticed that Li et al. included antihypertensive drug users
in the hypertension group and adjusted hypertension diag-
nosis by adding 15 and 10 mm Hg to the SBP and DBP,
respectively.?? Hence, the hypertensive group in this study
may not be representative enough.

Publication bias diagnostics

The funnel plots were used to evaluate the publication bias
(Figure 6). Then, the Egger’s test was used to analyze the
funnel plot asymmetry (Table 3 and Table 4). As was indi-
cated in the result, no publication bias was found (all
p>0.05).

Discussion

As an important ligand for APJ receptor, a G protein-cou-
pled receptor, apelin (APLN) could regulate its down-
stream molecules and plays an important part in the
occurrence and development of obesity, type 2 diabetes
mellitus, hypertension, and other cardiovascular diseases.?
The combination of apelin and APJ could stimulate its
downstream Amp-activated protein kinase (AMPK) and
PI3K/Akt signaling pathway, which induce regulators
such as endothelial nitric oxide synthase (eNOS) and per-
oxisome  proliferator-activated  Receptor =~ Gamma
Coactivator 1-a (PGC1-a), to regulate the process of intes-
tinal glucose absorption, mitochondrial biogenesis, and
fatty acid oxidation.®
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It has been suggested that the apelin/APJ system could
decrease blood pressure through nitric oxide (NO)-dependent
pathway.3¢ Moreover, apelin could activate its receptor APJ
and increase ACE2 promoter activity. This upregulation of
ACE2 expression could accelerate the hydrolysis of angio-
tensin II (Ang-II) in vitro.?”3% However, Apelin may also
promote vasoconstriction and the elevation of blood pressure
through directly activating the APJ on vascular smooth mus-
cle cells (VSMCs) and phosphorylating myosin light chain
(MLC).* Therefore, this gene is considered essential in con-
trolling the prevalence and development of hypertension.
This study concentrated on its two polymorphisms,
rs3761581 and rs56204867, which are located in the pro-
moter region of APLN. It is reasonable to think that this SNP
locus may be correlated with the recognition and combina-
tion between transcription factors and the promoter region of
APLN, and thus, influences the transcription and translation
of this gene. Under the circumstances of mutation, variable
expression of APLN may result in modulation of pheno-
types, including blood pressure.

Our study included five studies in total, and is the first
meta-analysis focusing on the association of apelin poly-
morphism and the prevalence of hypertension. For
rs3761581, after integrating the data of both female and
male, different alleles were not significantly associated
with hypertension risk. Considering the localization of
APLN on the X chromosome, the data was divided into a
female subgroup and a male subgroup for further investiga-
tion. Our results revealed that the T allele of rs3761581 was
not strongly correlated with a higher prevalence of hyper-
tension in the female subgroup. We did not find a signifi-
cant association of the ratios of GG+TG/TT, GG/GT+TT
and the hypertensive risk in the dominant and recessive
models of inheritance, respectively. In the male subgroup,
there was no significant correlation of the frequency of the
G allele with hypertension risk as well. Interestingly, we
found the study of Huang et al. increased the heterogeneity
among studies, which may be due to significant age dispar-
ity between patients and the control group. Higher age in
the hypertensive group may lead to an increased possibility
of mutation. Different regions of China and disparity in the
recruitment of hypertension patients might be other pri-
mary factors leading to the high heterogeneity.

For 1s56204867, the overall comparison of the G and A
allele was not significantly correlated with the prevalence
of hypertension. The frequency of the G allele was not
highly associated with hypertension risk in female and
male subgroups, respectively. The ratios of GG+AG/AA
or GG/AG+AA did not show any high correlation with
hypertension risk under the dominant and recessive mod-
els, respectively. The sensitivity analysis indicated that the
study of Li et al. increased heterogeneity greatly.?0 We
thought that the adjustment of the hypertension definition
for hypertensive drug users and different participant
recruitment criteria may be the reasons. Different regions

of China and ethnic groups may be another leading factor
as well.

For the studies based on Indian population and Mexican-
Mestizo ethnic origin, the frequency of the mutated genotype
or allele was significantly lower than that in Chinese popula-
tion. For example, the study of Esteban et al. demonstrated that
the frequencies of the 1s3761581 G allele were 3.4% in female
patients and 5.5% in normal counterparts, which was signifi-
cantly lower than those in the Chinese population (both
p<0.001). For rs56204867, the frequencies of the G allele
were 2.9% and 5.5% in female patients and control group,
respectively (both p<<0.001).1° The study of Gupta et al.
reported that the frequencies of the G allele were 5.1% in
female patients and 6.0% in female normal participants, 7.5%
in male patients and 0.0% in male normal subjects (all p<<0.001
when compared with Chinese population).!! Since these two
studies were based on a limited sample size with a low distribu-
tion level of mutated alleles, the association of the polymor-
phisms and hypertension remained elusive. The disparity of the
genetic background of different populations in the worldwide
may lead to different effects of apelin polymorphisms in pre-
dicting hypertension. Therefore, larger sample-size studies
worldwide are still needed for a comprehensive evaluation.

Limitations

This study has some limitations. Two studies based on the
Indian population and Mexican-Mestizo ecthnic origin
were not included in this meta-analysis considering the
limited sample size and low frequency of mutation. Thus,
this study is restricted to the Chinese population. The stud-
ies and sample size were limited. Further studies in China
and in the worldwide are warranted for a more concise and
comprehensive analysis.

Conclusion

In conclusion, this current meta-analysis revealed that
there was no correlation between apelin polymorphisms,
rs3761581 and rs56204867, and the prevalence of hyper-
tension in China.
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