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Objectives: To evaluate the relationship between alpha
epithelial sodium channel (alpha-ENaC) T663A

polymorphism and the risk of essential hypertension.

Methods: This meta-analysis was conducted between
November 2014 and February 2015 in Shanghai
Medical Instrumentation College, Shanghai, China.
We collected all published available case-control data
(N=12) identified through PubMed, Web of Science,
Scopus, and Chinese National Knowledge Infrastructure
(CNKI) up to December 2014. The pooled odds ratio
(OR) with 95% confidence interval (CI) was calculated
using the fixed- or random-effect model.
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Results:  Although subgroup analysis showed that
alpha-ENaC T663A polymorphism was associated with
essential hypertension in North American individuals
(OR=1.55, 95% CI=1.22-1.98, p=0.0003), our meta-
analysis results did not confirm such association overall
(OR=1.03, 95% CI=0.92-1.15, p=0.62). The lack of
association was further confirmed by the non-superiority
test (p<0.0001).

Conclusion: Alpha-ENaC T663A polymorphism might

not be a risk factor for essential hypertension.
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ypertension is one of the most important risk

factor for cardiovascular disease.”> However,
its etiology in the vast majority of cases (-90%) is
unknown, and thus the essential hypertension term
is employed to describe such situations.* Nowadays,
essential hypertension is considered as a multifactorial
disease resulting from the interplay of many genetic,
environmental, and behavioral factors.” Among them,
sodium has long been deemed as one of the pivotal
environmental factors due to its direct regulatory effect
on blood pressure.>® The amiloride-sensitive epithelial
sodium channel (ENaC) lies in the collecting duct of the
kidney, and regulates sodium reabsorption. This channel
is composed of 3 homologous subunits: alpha, beta, and
gamma. Several studies have reported that mutations in
beta-ENaC or gamma-ENaC can result in constitutive
sodium reabsorption, thus leading to the development
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of an autosomal-dominant Mendelian hypertensive
disorder, Liddle syndrome.”"! Therefore, some “milder”
mutations or functional polymorphisms were assumed
to play some etiological roles in essential hypertension.
Following this hypothesis, recent studies have reported
some potential associated variants.”> Among them,
T663A polymorphism in the alpha-ENaC gene has
attracted some attention due to its reported ability to
influence the channel activity.’*'* The A allele of T663A
polymorphism could reduce the surface expression of
ENaC, and the T allele of T663A polymorphism could
increase ENaC activity.">'* Accordingly, Ambrosius et
al” observed that the A allele of T663A polymorphism
was associated with being normotensive in Blacks and
Caucasians. However, a similar study performed in a
Japanese population indicated that the A allele of T663A
polymorphism was enriched in essential hypertensive
patients,'® and Wang et al'” found that there was a lack
of association between the T663A polymorphism and
essential hypertension in 2 ethnic groups in China.
Therefore, there is still a controversy over the association
between T663A polymorphism in the alpha-ENaC gene
and essential hypertension. Therefore, we performed a
meta-analysis to investigate the relationship between
alpha-ENaC TG663A polymorphism and essential
hypertension.

Methods. Literature search. A systematic literature
search of PubMed, Web of Science, Scopus, and Chinese
National Knowledge Infrastructure (CNKI) databases
was conducted by 2 researchers independently for all
relevant articles published before December 2014. The
research keywords included “primary hypertension,”
“essential hypertension,” “ENaC,” “T'663A,” “variant,”
“genotype,” “SNP” “mutation” and “polymorphism”.
We also manually searched the reference lists of the
included studies to find additional eligible studies.
Inclusion and exclusion criteria. The criteria
of the inclusion of studies for this meta-analysis
should meet the following: 1) case-control studies or
cohort studies focusing on the association between

T663A polymorphism and essential hypertension; 2)
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hypertension was defined as systolic blood pressure
(SBP) >140 mm Hg and/or diastolic blood pressure
(DBP) >90 mm Hg, or taking antihypertensive
medications; and 3) the numbers of patients and
normotensive people with different genotypes were
available for data extraction. The exclusion criteria of
the meta-analysis were: 1) studies involving animals; 2)
meta-analyses/systematic reviews, reviews/mini-reviews,
meeting abstracts/conference abstracts, or editorials;
and 3) studies with incomplete or duplicate data.

Data extraction. Information was extracted from all
eligible studies and checked. The collected information
included the first author’s name, publication date,
population, cases’ and controls’ genotypes, method for
genotyping, and the numbers of cases and controls.

Statistical analysis. We used Review Manager 5.2
(Cochrane Collaboration, Oxford, United Kingdom)
and Stata version 12.0 (Stata Corporation, Lakeway
Drive College Station, Texas, USA) for all the statistical
analysis. The association was evaluated in the allelic
model (mutation allele versus wild allele). We calculated
the OR and 95% CI for each study, as well as the
combined OR and corresponding 95% CI for all the
included studies. The heterogeneity between individual
studies was assessed using Chi-square-based Q-tests with
the significance level set at p<0.1. If the heterogeneity
existed among the included studies, we calculated
the pooled OR using the random-effect model (the
DerSimonian and Laird method). Otherwise, we
adopted the fixed-effect model (the Mantel-Haenszel
method). The significance of the pooled OR was assessed
by Z-test with p<0.05 considered significant. Sensitivity
analysis with a single individual study omitted each
time was also performed to check the stability of the
meta-analysis results. The non-superiority test was
conducted to confirm the absence of the association
between alpha-ENaC TG663A  polymorphism and
essential hypertension as described.'®" For each study,
the Hardy-Weinberg equilibrium (HWE) was assessed
by Fisher’s exact test with p<0.05 considered statistically
significant.”® In the pooled analysis, when studies with
controls not in HWE were involved, pooled ORs with
these studies included and excluded were calculated to
investigate the influence of these studies. The potential
publication bias was checked by Begg’s funnel plot, and
the funnel plot asymmetry was assessed by Egger’s linear
regression test with the significance level set at p<0.05.

Results. Characteristics of the studies. We found a
total of 463 articles after an initial search from PubMed,
Web of Science, Scopus, and CNKI databases. By
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reviewing the titles and abstracts, 449 of them were
excluded due to no relevance to the association of
alpha-ENaC TG663A polymorphism with essential
hypertension. After excluding reviews/mini-reviews,
meta-analyses, studies with incomplete or duplicate
data, 7 eligible studies were included for the following
pooled analysis.'””"7?!** Among all eligible studies, 4
articles by Ambrosius et al,” Wang et al,"” Xiang et al,”!
and Zhang et al,” contained more than one study group,
and these different groups were treated separately in the
following pooled analysis. Each of the other 3 articles
contained only one study group.'®?>* Thus, in total, 12
case-control studies/groups involving 3,477 cases and
2,687 controls were included in this meta-analysis to
evaluate the relationship between alpha-ENaC T663A
polymorphism and essential hypertension. Table 1
summarizes the main characteristics of these included
studies, including sample size, genotype distribution,
and HWE of controls.

Pooled analysis. Overall, we recruited a total sample
size of 6,164 subjects with 3,477 cases and 2,687
controls included for the evaluation of the relationship
between alpha-ENaC T663A  polymorphism and
essential hypertension. Under the allelic model
(T allele versus A allele), significant heterogeneity
existed, and therefore the random-effect model was
adopted to pool the results (P, =0.02, I’=52%).
The corresponding meta-analysis result showed that
alpha-ENaC TG663A polymorphism was not associated
with the risk of essential hypertension (OR=1.03,
95% CI=0.92-1.15, p=0.62; Figure 1). To explore

the source of the heterogeneity, we performed the
subsequent subgroup analysis stratified by continents.
We observed that the heterogeneity was significantly
lower in the Asia (P, . =0.49, [’=0%) and North
America (Phetemgemityz . §, [’=0%) groups than in the
whole population (P, . =0.02, ’=52%; Figure 2).
Therefore, the regions where the individual studies were
performed could explain the source of heterogeneity,
which probably reflected the difference in ethnicity.
There was still no evident association of alpha-ENaC
T663A  polymorphism with essential hypertension
in the Asia subgroup under the allelic model (T allele
versus A allele; OR=0.96, 95% CI=0.89-1.04, p=0.30).
However, there was a significant association between
alpha-ENaC TG663A polymorphism and essential
hypertension in the North America subgroup under the
allelic model (T allele versus A allele; OR=1.55, 95%
ClI=1.22-1.98, p=0.0003).

Sensitivity analysis. Since there was one study
with controls not in HWE,” we conducted another
pooled analysis with this study excluded. The result still
indicated that there was a lack of association between
alpha-ENaC T663A polymorphism and the risk of
essential hypertension under the allelic model (T allele
versus A allele; OR=1.04, 95% CI=0.92-1.17, p=0.52).
We removed the included studies one at a time and
calculated the pooled ORs for the remaining studies to
check the stability of our meta-analysis results. As Table 2
indicates, removal of any included studies still led to
the nonsignificant association of alpha-ENaC T663A
polymorphism with the risk of essential hypertension.

Table 1 - Characteristics of the 7 eligible studies included for the investigation of alpha-epithelial sodium channel T663A polymorphism’s association with

essential hypertension.

Sample size

Hypertension group Control group

Reference Year Population (case/control) Method T TA AA T TA AA HWE
Sugiyama'® 2001 Japan 247/291 PCR-RFLP 34 109 104 49 149 93 0.413
Ambrosius (white)’® 1999 USA 188/161 PCR-SSCP 92 84 12 65 73 23 0.732
Ambrosius (black)! 1999 USA 316/122 PCR-SSCP 229 78 9 75 37 10 0.091
Wang (Kazak)'” 2008 China 559/578 PCR-RFLP 187 263 109 91 148 50 0.442
Wang (Uyghur)"” 2008 China 344/682 PCR-RFLP 137 145 62 127 160 54 0.760
Xiang (Tujia)” 2011 China 120/238 PCR-RFLP 20 62 38 13 64 42 0.117
Xiang (Miao)”! 2011 China 117/125 PCR-RFLP 19 65 33 19 59 47 0.945
Xiang (Han)*! 2011 China 125/122 PCR-RFLP 18 62 45 20 66 36 0.265
Li»? 2010 China 252/105 PCR-RFLP 42 120 90 14 62 29 0.035
Zhang (Kazak)? 2012 China 5791357 TagMan assay 112 264 203 68 181 108 0.611
Zhang (Uyghur)® 2012 China 378/401 TaqMan assay 72 156 150 68 185 148 0.434
Xu? 2009 China 252/254 PCR-RFLP 42 120 90 37 132 85 0.215

HWE - p-values of the Hardy-Weinberg equilibrium test of the control group, PCR - polymerase chain reaction, RFLP - restriction fragment length
polymorphism, SSCP - single strand conformation polymorphism, TT - wild-type homozygous genotype, AA - mutant homozygous genotype,

TA - heterozygous genotype
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Case Control Odds Ratio Odds Ratio

tudy or Subgro Events Total Events Total Weight M-H, Random % CI M-H, Random % CI
Ambrosius (blacks)15 536 632 187 244  6.0% 1.70 [1.18, 2.46]
Ambrosius (whites)15 268 376 203 322 7.1% 1.45[1.06, 2.00] -
Li2? 204 504 90 210 6.9% 0.91[0.65, 1.26] - 1
Sugiyama!é 177 494 247 582 9.3% 0.76 [0.59, 0.97] -
Wang (Kazak)!7 637 1118 330 578 10.8% 1.00 [0.81, 1.22] I
Wang (Uyghur)!7 419 688 414 682 10.3% 1.01[0.81, 1.25] -
Xiang (Han)2! 98 250 106 244  6.2% 0.84 [0.59, 1.20] S
Xiang (Miao) 21 103 234 97 250 6.1% 1.24 [0.86, 1.78] -1
Xiang (Tujia)2! 102 240 90 238 6.0% 1.22[0.84, 1.75] N
Xu24 204 504 206 508 9.1% 1.00 [0.78, 1.28] -1
Zhang (Kazak)?2? 488 1158 317 714 11.4% 0.91[0.76, 1.10] -
Zhang (Uyghur) 23 300 756 321 802 10.8% 0.99[0.80, 1.21] -1
Total (95% Cl) 6954 5374 100.0% 1.03 [0.92, 1.15]
Total events 3536 2608
Heterogeneity: Tau? = 0.02; Chi2 = 22.89, df = 11 (P = 0.02); I> = 52% 035 0f7 ; 1f5 2

Test for overall effect: Z = 0.49 (P = 0.62)

Favours [A] Favours [T]

Figure 1 - Forest plot of essential hypertension associated with alpha-epithelial sodium channel T663A polymorphism under the allelic model (T allele
versus A allele). 95% CI - 95% confidence interval, M-H - Mantel-Haenszel method, df - degrees of freedom

Case Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% CI M-H. Fixed, 95% CI
2.1.1 Asia
Li22 204 504 90 210 5.5% 0.91 [0.65, 1.26] —
Sugiyama 16 177 494 247 582 10.5% 0.76 [0.59, 0.97]
Wang (Kazak) 17 637 1118 330 578 13.6% 1.00 [0.81, 1.22] T
Wang (Uyghur) 17 419 688 414 682 11.8% 1.01 [0.81, 1.25] - r
Xiang (Han)21 98 250 106 244 4.7% 0.84 [0.59, 1.20] I
Xiang (Miao) 21 103 234 97 250 3.8% 1.24 [0.86, 1.78] |
Xiang (Tujia) 2! 102 240 90 238 3.8% 1.22[0.84, 1.75] —
Xu 24 204 504 206 508 8.8% 1.00 [0.78, 1.28] -1
Zhang (Kazak) 23 488 1158 317 714 16.4% 0.91 [0.76, 1.10] -
Zhang (Uyghur)23 300 756 321 802 13.6% 0.99 [0.80, 1.21] T
Subtotal (95% CI) 5946 4808 92.5% 0.96 [0.89, 1.04] ‘
Total events 2732 2218
Heterogeneity: Chi? = 8.48, df = 9 (P = 0.49); 12 = 0%
Test for overall effect: Z = 1.03 (P = 0.30)
2.1.2 North America
Ambrosius (blacks) 15 536 632 187 244 3.0% 1.70 [1.18, 2.46]
Ambrosius (whites) 15 268 376 203 322 4.5% 1.45 [1.06, 2.00]
Subtotal (95% CI) 1008 566 7.5% 1.55 [1.22, 1.98]
Total events 804 390

Heterogeneity: Chi? = 0.40, df = 1 (P = 0.53); 12 = 0%
Test for overall effect: Z = 3.568 (P = 0.0003)

Total (95% CI) 6954 5374 100.0%
Total events 3536 2608

Heterogeneity: Chi* = 22.89, df = 11 (P = 0.02); I* = 52%

Test for overall effect: Z=0.11 (P = 0.91)

1.00 [0.93, 1.08] T
0.7 1 15 2
Favours [A] Favours [T]

0.5

Test for subaroup differences: Chi? = 13.84. df = 1 (P = 0.0002). 12 = 92.8%

Figure 2 - Forest plot of essential hypertension associated with alpha-epithelial sodium channel T663A polymorphism stratified by continents under the
allelic model (T allele versus A allele). CI - confidence interval, M-H - Mantel-Haenszel method, df - degrees of freedom

Therefore, the meta-analysis results illustrated by
Figure 1 were reliable and stable.

Equivalence-based analysis. We conducted a non-
superiority test to confirm the absence of the association
between alpha-ENaC T663A  polymorphism and
essential hypertension. The null hypothesis was that
the frequency of T-allele of alpha-ENaC TG663A
polymorphism in patients with essential hypertension
was greater by 8% than in controls. The 8% excess
was set as the lower bound of previous estimations
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according to the reported difference of this allele
between essential hypertension patients and healthy
controls in Caucasians (8.3%) and Blacks (8.2%)."
The non-superiority p-values are presented in Table 3.
As a whole, the result of the combined case-control
samples suggested that the excess of the T allele of
alpha-ENaC TG663A polymorphism in the cases was
lower than 8% (p<0.0001). This result supported the
absence of the association between alpha-ENaC T663A
polymorphism and the risk of essential hypertension.
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Table 2 - Sensitivity analysis of the association of alpha-epithelial sodium channel T663A polymorphism with the
risk of essential hypertension under the allelic model (T allele versus A allele).

Excluded study Excluded sample ~ Odds ratio 95% confidence ~ Meta-analysis Heterogeneity
interval
P-value
Sugiyama et al'® Japanese 1.06 0.95-1.18 0.32 0.07
Ambrosius et al® White 1.00 0.90 - 1.11 0.96 0.07
Ambrosius et al® Black 0.98 0.91 - 1.06 0.66 0.14
‘Wang et al'” Kazak 1.04 091-1.17 0.59 0.01
Wang et al'” Uyghur 1.03 0.91-1.17 0.60 0.01
Xiang et al*! Tujia 1.02 0.91-1.14 0.77 0.02
Xiang et al”! Miao 1.02 091 -1.14 0.79 0.02
Xiang et al”! Han 1.04 0.93-1.17 0.48 0.02
Lietal® Kazak 1.04 0.92-1.17 0.52 0.01
Zhang et al® Kazak 1.05 0.92-1.18 0.47 0.02
Zhang et al® Uyghur 1.04 0.91-1.18 0.57 0.01
Xu et al* Kazak 1.03 091 -1.17 0.59 0.01

Table 3 - Non-superiority test of alpha-epithelial sodium channel T663A polymorphism with essential hypertension.

Study Population No. of cases/No. of T-allele frequencies Delta of T-allele P-value
controls Cases Controls frequency (%)
Sugiyama et al'® Japanese 247/291 0.3583 0.4244 -6.61 4.53E-07
Ambrosius et al® White 188/161 0.7128 0.6304 8.23 0.53
Ambrosius et al® Black 316/122 0.8481 0.7664 8.17 0.52
Wang et al'’ Kazak 559/289 0.5698 0.5709 -0.12 6.85E-04
Wang et al'’ Uyghur 344/341 0.6090 0.6070 0.20 1.55E-03
Xiang et al”! Tujia 120/119 0.4250 0.3782 4.68 0.23
Xiang et al”! Miao 1177125 0.4402 0.3880 5.22 0.27
Xiang et al”! Han 125/122 0.3920 0.4344 -4.24 2.85E-03
Li et al®? Kazak 252/105 0.4048 0.4286 -2.38 5.23E-03
Zhang et al® Kazak 5791357 0.4214 0.4440 -2.26 6.86E-06
Zhang et al® Uyghur 378/401 0.3968 0.4002 -0.34 3.88E-04
Xu et al* Kazak 254/254 0.4048 0.4055 -0.08 4.44E-03
All samples 347712687 0.5085 0.4853 2.32 1.95E-10

P-value - non-superiority P values corresponding to the statistical significance of the null hypothesis that the T-allele frequency
of alpha-epithelial sodium channel T663A polymorphism was greater in cases than in controls, and differed by at least 8%

Publication bias. We used Begg’s funnel plot and
Egger’s linear regression test to evaluate the potential
publication bias of the included studies. We did not
observe obvious asymmetry of the funnel plot under
the allelic model (p=0.086). Egger’s linear regression
test did not show any significant statistical evidence
of publication bias under the allelic model (p=0.098),
either. Therefore, no evident publication bias existed in
this meta-analysis.

Discussion. The ENaC gene has attracted some
attention in the pathogenesis of essential hypertension
due to its recognized significance in promotion of
sodium reabsorption."? Therefore, any polymorphisms
able to affect the channel activity of ENaC have
become appropriate candidates for the study of the
etiological mechanism of essential hypertension.

Among them, alpha-ENaC T663A polymorphism has
been investigated in several reports with regard to its
association with essential hypertension.!>17:21-24

In the current meta-analysis, there was a
lack of association between alpha-ENaC TG663A
polymorphism and the risk of essential hypertension.
Subsequent sensitivity analysis and non-superiority
test supported this result. This is in accordance with
Wang et al’s" former report that there was a lack of
association between T663A polymorphism and essential
hypertension. As there was significant between-study
heterogeneity, we performed the subgroup analysis to
explore the source. There was no obvious heterogeneity
in the Asia (p, enei[y=0.49, I’=0%) or North America
(Preccrogenciy=0-23> 122096) groups in our meta-analysis.

e reduction of heterogeneity in the subgroup
analysis stratified by continents probably reflected

Saudi Med J 2015; Vol. 36 (9) 1043
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the difference in ethnicity, and was consistent with
the former report that pointed out that the A allele
frequency of the alpha-ENaC T663A polymorphism
in the Chinese population (Tujia, Miao, and Han) was
not significantly different from that in the Japanese
population, but was significantly higher than those in
Blacks and Caucasians.”' Besides, although alpha-ENaC
T663A polymorphism was not associated with the risk
of essential hypertension in the Asia subgroup (T allele
versus A allele; OR=0.96, 95% CI=0.89-1.04, p=0.30),
it was associated with essential hypertension in the North
America subgroup (T allele versus A allele; OR=1.55,
95% CI=1.22-1.98, p=0.0003). However, although
alpha-ENaC T663A polymorphism was found to be
associated with essential hypertension in the North
American population, there is only one relevant report
available to date.” More related studies in the same
population are still needed to confirm such association.
Collectively, this meta-analysis indicated that different
ethnicity or geographical regions might influence the
effect of alpha-ENaC T663A polymorphism on the risk
of essential hypertension, and published studies did not
support the association between alpha-ENaC TG663A
polymorphism and essential hypertension on the whole.
Ethnicity or geographical regions should be matched
in future studies to better investigate the relationship
between alpha-ENaC TG663A  polymorphism and
essential hypertension.

Some limitations existed in this meta-analysis. The
total number of the included studies was small and
more relevant studies are called upon to confirm the
above meta-analysis results. A similar problem could
also be found in the corresponding subgroup analysis
stratified by continents. More studies are needed to
investigate the role of geographical regions or ethnicity
in determining the relationship between alpha-ENaC
T663A  polymorphism and essential hypertension.
Moreover, other clinical factors like age, gender, body
mass index, family history, and environment may result
in bias. Further investigation is called upon to determine
if these factors affect the results of our meta-analysis.

In conclusion, our meta-analysis results did
not support the speculation that alpha-ENaC
T663A polymorphism was a risk factor for essential
hypertension. However, further studies are necessary to
verify the above conclusions.
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