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Abstract

Background and objective

Several studies have been conducted to examine the association between aldehyde dehy-

drogenase 2 family (ALDH2) rs671 polymorphism and essential hypertension (EH). How-

ever, the results remain inconsistent. This study aimed to clarify the association between

ALDH2 rs671 polymorphism and EH susceptibility.

Methods

One thousand and ninety-four cases and 1236 controls who were ethnic Han Chinese were

collected for this population-based case-control study. A meta-analysis was performed to

calculate the pooled odds ratio and 95% confidence interval, using allele contrast, dominant,

recessive, and co-dominant models using fixed or random-effect models.

Results

Significant differences were observed between EH cases and controls at the level of both

genotype (χ2 = 6.656, P<0.05) and alleles (χ2 = 6.314, P<0.05). An additional meta-analysis

using 4204 cases and 5435 controls established that rs671 was significantly associated with

EH (P<0.00001).

Conclusion

The results of our case-control study and meta-analysis showed that there is a significant

association between ALDH2 rs671 polymorphism and EH susceptibility. In addition, the

results of the breakdown analysis by gender suggest a male-specific association between

the ALDH2 rs671 polymorphism and EH.
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Introduction

Essential hypertension (EH) is a critical cardiovascular risk factor that may lead to stroke, cor-

onary heart disease, diabetes and other diseases [1]. In China, EH is the top mortality risk fac-

tor among the population aged>40 years [2]. According to the Inter-ASIA Program, the

prevalence of EH among Chinese adults was 27.2% in 2001, which means there were~130 mil-

lion people with EH nationwide. Age-specific prevalence of EH was 10.7%, 26.8%, 38.9% and

50.2% for women and 17.4%, 28.2%, 40.7% and 47.3% for men among those aged 35–44, 45–

54, 55–64 and 65–74 years, respectively [3]. The incidence of EH increased annually, impairing

people’s health seriously.

EH is a complex disease, on which both environmental factors and genetic factors have an

important impact [4]. Alcohol consumption is often considered as an important environmen-

tal factor, amenable to lifestyle modification, in the development of hypertension and cardio-

vascular disease [5]. Genetic factors account for 25%–65% of the blood pressure variation

among individuals [6]. And to date very few genetic factors are understood [7]. It has also

been suggested that genetic variation in alcohol-metabolizing enzymes affects the development

of hypertension via their regulation of drinking behavior or sensitivity to alcohol [8].

Aldehyde dehydrogenase-2 (ALDH2) is located on chromosome 12q24 and is one of the

key enzymes involved in ethanol metabolism [9].rs671 is a single nucleotide polymorphism

(SNP) in exon 12 within ALDH2. The point mutation of base G to A changes the position of

amino acid residue 504 from glutamic acid to lysine, resulting in the decrease of enzyme activ-

ity [10, 11]. The inactive ALDH2 generally inhibits individuals from heavy drinking, leading to

acetaldehydemia and alcohol flushing responses[12]. Therefore, this SNP of ALDH2 may be

associated with EH.

Several studies have been conducted to investigate the relationship between rs671 polymor-

phism and EH [13–16]. However, there were no consistent results. Though there were several

meta-analyses that studied the relationship between rs671 polymorphism and EH, most of

those previous studies only reported the odds ratio (OR) with the 95% confidence interval (CI)

for the GG genotype compared with the AG+AA genotype [8,17–19]. Thus, we conducted a

population-based case-control study, and then performed a comprehensive meta-analysis to

further explore the association between rs671 polymorphism and EH under all genetic models.

Materials and methods

Subjects

This population-based case-control study included 1094 EH cases and 1236 healthy controls

that participated in routine health examination at local community health centers between

April and July 2013 in Yinzhou District, Ningbo City, Zhejiang Province, China. The cases

were recruited if they met the following criteria: (1) systolic blood pressure (SBP)�140 mm

Hg and/or diastolic blood pressure (DBP)�90 mm Hg when taking no antihypertensive medi-

cation; (2) previously diagnosed with EH; (3) taking antihypertensive medication; and (4) aged

40–70 years. All subjects were free from secondary hypertension, diabetes mellitus, renal dis-

ease, thyroid disease or a history of cancer, and were ethnic Han Chinese. The study protocol

was approved by the Medical Ethical Committee of the Affiliated Hospital of Hangzhou Nor-

mal University. After written informed consent was obtained from the subjects, a face-to-face

interview was conducted to collect information, including demographic (e.g. sex and age) and

lifestyle (e.g. smoking and drinking) data, and 5-ml blood samples were collected. Those who

smoked at least one cigarette per week were defined as current smokers. Those who drank at

least once per week were defined as current drinkers. Thus those former smokers and never
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smokers were classified as non-smokers, and those former drinkers and never drinkers were

defined classified as non- drinkers. Besides, weight and height were also measured using stan-

dardized methods during the interview and body mass index (BMI) was calculated by the stan-

dard formula [weight (kg)/height2 (m2)].

DNA extraction, and SNP genotyping

Genomic DNA was isolated from peripheral blood samples using TIANamp Blood DNA Kits

(Tiangen Biotech, Beijing, China) and was stored at −80˚C. Genotyping of ALDH2 rs671 poly-

morphism was carried out using the polymerase chain reaction–ligase detection reaction

(PCR-LDR) method (Generay Biotech Company, Shanghai, China). The primer sequences

were 5ʹ-TCAAATTACAGGGTCAACTGC-3ʹ (forward)and 5ʹ-AGCCACCAGCAGAC
CCTCAA-3ʹ(reverse).The probe sequenceswere TTTTGAGTACGGGCTGCAGGC
ATACACTA(TA), TTTTTTTGAGTACGGGCTGCAGGCATACACTG(TG), and -P-AAGT
GAAAACTGTGAGTGTGGGACCTTT-FAM-(TR). The PCRs were performed in an ABI

Prism 7000 Sequence Detection System (Foster City, CA, USA) in a total volume of 15μl,

including 1 μl genomic DNA, 1.5 μl 10× PCR buffer, 1.5 μl MgCl2, 0.3 μl dNTPs, 0.15 μl each

primer, and 0.2 μl Taq DNA polymerase. The PCR was performed as follows: an initial melting

step of 3 min at 94˚C, 35 cycles of denaturation for 15 s at 94˚C, annealing for 15 s at 55˚C and

extension for 30 s at 72˚C, followed by 3 min final extension at 72˚C.The ligation reaction for

each PCR product was carried out with a total volume of 10 μl, including 3 μl PCR product,

1 μl 10×Taq DNA ligase buffer, 5 U Taq DNA ligase, and 0.01 μl each discriminating probe.

The LDR was performed as follows:30 cycles at 94˚C for 30 s and 56˚C for 3 min. After the

LDR, 1 μl LDR product was mixed with 8 μl loading buffer, and was melted for 3 min at 95˚C.

The mixture was then analyzed on the ABI3730xl platform. Ten percent of the samples were

randomly selected and genotyped repeatedly for quality control, and the concordance was

100%.

Statistical analysis for case-control study

Differences in the distribution of demographic characteristics and genotypes of ALDH2 rs671

polymorphism between the cases and controls were tested using the χ2 test. Whether the geno-

type distribution was in Hardy–Weinberg equilibrium (HWE) among the controls was tested

using goodness-of-fit χ2 test. The associations between ALDH2 rs671 polymorphism and EH

risk were evaluated using unconditional logistic regression for crude odds ratio (OR) with the

95% confidence interval (CI) and adjusted OR with 95% CI. The statistical analyses were per-

formed using SAS version 9.1 (SAS Institute, Cary, NC, USA). P<0.05 was considered statisti-

cally significant.

Meta-analysis

The meta-analysis was reported on the basis of the Preferred Reporting Items for Systematic

Review and Meta-analyses (PRISMA) guidelines [20].

Literature search

We searched PubMed, Web of Science, and Embase up to March 2016 without language

restrictions. The keywords were “aldehyde dehydrogenase-2”,”ALDH2” combined with

“hypertension”. The search results were supplemented by screening references of the original

articles and systematic reviews. E-mail was also used to contact study authors to obtain full

text articles or missing data.
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Inclusion and exclusion criteria

Studies were included if they met the following criteria: (1) case-control studies; (2) studies

assessed the association between ALDH2 rs671 polymorphism and EH risk; (3) EH was diag-

nosed following the guidelines including SBP�140 mm Hg and/or DBP�90 mm Hg when

taking no antihypertensive medication, previously diagnosed with EH, and taking antihyper-

tensive medication; (4) the study had available allele or genotype frequencies for cases and con-

trols. The exclusion criteria were: (1) articles were abstracts or reviews, or reported duplicate

data; (2) no usable data; and (3) there was departure from HWE in genotype distribution of

the control group or all subjects.

Data extraction and quality assessment

Data were extracted from the included studies by two investigators independently. Disagree-

ment was resolved by discussion or consultation with a third investigator. The following data

were extracted from all obtained studies: first author’s name, publication year, country, ethnic-

ity, study design, genotyping method, number of cases and controls, genotype and allele distri-

butions of cases and controls, and HWE of cases and controls.

The quality of the included studies was evaluated through a checklist originated from

Strengthening the Reporting of Genetic Association (STREGA) recommendations for reports

on genetic association studies [21].

Statistical analysis for meta-analysis

Goodness-of-fit χ2 test was used to test whether the genotype distribution was in HWE among

the control group as well as all the subjects depending on the data available. The association

between ALDH2 rs671 polymorphism and EH risk was assessed by pooled ORs with 95% CIs

under five genetic models (co-dominant model AA vs. GG, and AG vs. GG; dominant model

AA/AG vs. GG; recessive model AA vs. AG/GG; and allele contrast A vs. G).Heterogeneity

among studies was assessed by χ2 test-based Q-statistic and I2 statistic. If P<0.1 or I2>50%, the

random-effects model was conducted; otherwise the fixed-effects model was adopted. Sub-

group analysis was conducted with respect to country. Sensitivity analysis was performed to

detect the individual effect of each study on the pooled ORs. Publication bias was tested by

funnel plot. All statistical analyses were performed by Review Manager software (version 5.3,

Cochrane Collaboration, Oxford, UK) and STATA (version 12.0, Stata Corporation, College

Station, TX, USA). P<0.05 was considered statistically significant.

Results

Single-locus analysis

As shown in Table 1, the genotype frequencies of ALDH2 rs671 polymorphism were in HWE

among all the controls as well as when stratified by sex. The genotype frequencies of ALDH2
rs671 polymorphism were 53.7% (GG), 40.3% (AG) and 6.0% (AA) in the cases, and 49.1%

(GG), 43.0% (AG) and 7.9% (AA) in the controls, and there was a significant difference

between cases and controls (P = 0.036). Logistic regression analyses showed that the ALDH2
rs671 polymorphism was significantly associated with EH risk. When compared with individ-

uals carrying GG genotype, those carrying AA or AA/GG genotype were at a lower risk of EH

[AA vs. GG: OR (95% CI) = 0.67(0.46–0.96), AA/AG vs. GG: OR (95% CI) = 0.82(0.69–0.98)].

A further sex-stratified association showed that the rs671 polymorphism was significantly

associated with EH risk in men [AA/AG vs. GG: OR (95% CI) = 0.76(0.58–0.98)] but not in

women.
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Besides, the analysis of the distribution of drinking habit showed that there was no signifi-

cant difference between cases and controls (P = 0.583), even after being adjusted by confound-

ing factors (P = 0.358).

Eligible articles for meta-analysis

We found 70 potentially relevant publications by searching the existing literature databases.

After applying the inclusion and exclusion criteria, 10 studies [13, 14, 22–28] with full text and

available genotype data and our study were eligible for this meta-analysis. The detailed process

of study selection is presented in Fig 1. The excluded articles and reasons were listed in S1

Text.

Table 1. Distribution of the ALDH2 rs671 polymorphism, and drinking habit in the participants in the case-control study.

Cases,

n(%)

Controls, n(%) Crude OR (95%CI) P Adjusted OR (95%CI) a P PHWE

rs671

Overall GG 586(53.7) 606 (49.1) 1.00 1.00 0.218

AG 440(40.3) 531(43.0) 0.86(0.72–1.02) 0.075 0.85(0.71–1.02) 0.084

AA 65(6.0) 98(7.9) 0.69(0.49–0.96) 0.027 0.67(0.46–0.96) 0.028

AA/AG 505(46.3) 629 (50.9) 0.83(0.71–0.98) 0.025 0.82(0.69–0.98) 0.029

AG/GG 1026(94.0) 1137(92.1) 1.00 1.00

AA 65(6.0) 98(7.9) 0.74(0.53–1.02) 0.063 0.72(0.5–1.02) 0.064

G 1612(73.9) 1743(70.6) 1.00 <0.001

A 570(26.1) 727(29.4) 0.85(0.77–0.93)

Male GG 267(52.8) 264(46.8) 1.00 1.00 0.398

AG 206(40.7) 250(44.3) 0.81(0.63–1.05) 0.109 0.79(0.6–1.03) 0.081

AA 33(6.5) 50(8.9) 0.65(0.41–1.05) 0.076 0.61(0.37–1.03) 0.065

AA/AG 239(47.2) 300(53.2) 0.79(0.62–1) 0.052 0.76(0.58–0.98) 0.036

AG/GG 473(93.5) 514(91.1) 1.00 1.00

AA 33(6.5) 50(8.9) 0.72(0.45–1.13) 0.154 0.69(0.41–1.13) 0.142

G 740(73.1) 778(69.0) 1.00

A 272(26.9) 350(31.0) 0.82(0.68–0.99) 0.035

Female GG 319(54.5) 342(51.0) 1.00 1.00 0.344

AG 234(40.0) 281(41.9) 0.89(0.71–1.12) 0.336 0.92(0.72–1.18) 0.497

AA 32(5.5) 48(7.2) 0.71(0.45–1.15) 0.164 0.72(0.43–1.21) 0.214

AA/AG 266(45.5) 329(49.0) 0.87(0.69–1.08) 0.207 0.89(0.7–1.13) 0.337

AG/GG 553(94.5) 623(92.8) 1.00 1.00

AA 32(5.5) 48(7.2) 0.75(0.47–1.19) 0.224 0.75(0.46–1.24) 0.262

G 872 (74.5) 965(71.9) 1.00

A 298(25.5) 377(28.1) 0.88(0.73–1.05) 0.139

Drinking

Overall No 840(68.0) 755(69.1) 1.00 1.00

Yes 395(32.0) 338(30.9) 0.952(0.80–1.14) 0.583 1.109(0.89–1.38) 0.358

Male No 247(43.7) 231(45.5) 1.00 1.00

Yes 318(56.3) 277(54.5) 0.931(0.73–1.19) 0.563 1.250 (0.95–1.64) 0.108

Female No 593(88.5) 524(89.6) 1.00 1.00

Yes 77(11.5) 61(10.4) 0.897(0.63–1.28) 0.547 0.868(0.59–1.28) 0.472

a Adjusted for age, sex, BMI and smoking

https://doi.org/10.1371/journal.pone.0177023.t001
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Study characteristics

The detailed information of each study included in the meta-analysis is presented in Table 2.

These studies were published between 2001 and 2016. Six studies were from Japan, and the

remainder was from China. Five studies applied genotype data in men and women, three stud-

ies applied genotype data in all cases and controls, and two study were performed only in men.

Eight studies applied AA, AG, and GG genotype data, and two only reported AA/AG and GG

genotype data. Although no departure from HWE was observed among male or female con-

trols in the Amamoto study, the genotype distribution among overall controls departed from

the HWE, as well as Ma’s study. Thus, the genotype data among overall cases and controls

from these two studies were removed. Besides, departure from HWE was also observed among

male controls in the Yokoyama study as well as the Takagi study. Thus, the genotype data

among male cases and controls from these two studies were also removed. The quality assess-

ment of these included studies was provided in S1 Table.

Meta-analysis results

After combining all qualified data, the total number of cases and controls were 8963 and 13

047, respectively, from eight eligible case-control studies. Overall, a significantly decreased risk

Fig 1. Flow diagram of article selection process for the ALDH2 rs671 polymorphism and EH risk meta-

analysis.

https://doi.org/10.1371/journal.pone.0177023.g001
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was observed under four genetic models: co-dominant model AA versus GG (OR = 0.79, 95%

CI = 0.67–0.93);co-dominant model AG versus GG (OR = 0.81, 95%CI = 0.74–0.89); dominant

model AA/AG versus GG (OR = 0.81, 95%CI = 0.74–0.87); allelic contrast model A versus G

(OR = 0.82, 95%CI = 0.74–0.92)] (Table 3, Fig 2). Subgroup meta-analysis by country indi-

cated a significant association between rs671 polymorphism and EH risk in all genetic models

for Chinese cases and controls. For Japanese cases and controls, there was a decreased risk of

EH risk in the dominant model: AA/AG versus GG (OR = 0.75, 95% CI = 0.58–0.96).

After stratification by sex, the association between rs671 polymorphism and EH risk

remained significant in all genetic models overall and in Japanese male subjects (Tables 4 and

5). We only found a significant association with the allelic contrast model among Chinese

male subjects (A vs. G, OR = 0.82, 95% CI = 0.68–0.99). No significant association between

rs671 polymorphism and EH risk was found in women.

Tests for publication bias and sensitivity analyses

Potential publication bias of this meta-analysis was detected by funnel plot (Fig 3), which

revealed that there was no significant publication bias in any of the genetic models. Sensitivity

analyses were conducted to detect the influence of each individual study on the pooled OR,

with each study dataset being dropped one at a time. The outcomes did not vary greatly when

any individual study was omitted, suggesting stability of the results (Fig 4).

Discussion

Our results showed that the rs671 polymorphism in the ALDH2 gene was significantly associ-

ated with EH risk in the case-control study and meta-analysis. The genotype frequencies of

ALDH2 rs671 polymorphism were 53.7% (GG), 40.3% (AG) and 6.0% (AA) in the cases, and

Table 3. Meta-analysis of association between ALDH2 rs671 polymorphism and EH risk in all

participants.

Category Subgroup Genetic

comparison

Na OR (95% CI) P b Test of heterogeneity

P, I2 (%) Effect model

Overall AA vs. GG 4 0.79 (0.67–0.93) 0.004 0.39, 0.00 F

AG vs. GG 5 0.81 (0.74–0.89) < 0.00001 0.12,0.45 F

AA/AG vs. GG 6 0.81 (0.74–0.87) < 0.00001 0.16,0.37 F

AA vs. AG/GG 4 0.85 (0.73–1.00) 0.05 0.48, 0.00 F

A vs. G 5 0.82 (0.74–0.92) 0.0007 0.08,0.52 R

Country China AA vs. GG 2 0.71 (0.55–0.91) 0.006 0.79, 0.00 F

AG vs. GG 3 0.81 (0.72–0.92) 0.0009 0.17, 0.44 F

AA/AG vs. GG 3 0.80 (0.71–0.90) 0.0001 0.20, 0.39 F

AA vs. AG/GG 2 0.76 (0.60–0.98) 0.03 0.71, 0.00 F

A vs. G 3 0.83 (0.75–0.91) <0.0001 0.22, 0.34 F

Japan AA vs. GG 2 0.85 (0.69–1.07) 0.16 0.20, 0.40 F

AG vs. GG 2 0.73 (0.51–1.05) 0.09 0.05, 0.73 R

AA/AG vs. GG 3 0.75 (0.58, 0.96) 0.02 0.10, 0.57 R

AA vs. AG/GG 2 0.93 (0.75–1.15) 0.51 0.34, 0.00 F

A vs. G 2 0.79 (0.58–1.08) 0.14 0.03, 0.78 R

a Number of studies
b P for OR

Co-dominant model; dominant model; recessive model; allelic contrast model

https://doi.org/10.1371/journal.pone.0177023.t003
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49.1% (GG), 43.0% (AG) and 7.9% (AA) in the controls in our case-control study. A significant

association between the rs671 polymorphism and EH risk can be proved in all genetic models

for Chinese cases and controls. This comprehensive analysis of different genetic models

improves the accuracy of prediction and reduces the bias of single model prediction. Subgroup

meta-analysis by country indicated a decreased risk of EH risk in the dominant model (AA/

Fig 2. Forest plot of risk of EH associated with ALDH2 rs671 polymorphism. (A) co-dominant model (AA

vs. GG); (B) co-dominant model (AG vs. GG); (C) dominant model (AA/AG vs. GG); (D) recessive model (AA

vs. AG/GG); (E) allelic contrast model (A vs. G).Error bars indicate 95% CI. Solid squares represent each

study in the meta-analysis. Solid diamonds represent pooled OR.

https://doi.org/10.1371/journal.pone.0177023.g002
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Table 4. Meta-analysis of association between ALDH2 rs671 polymorphism and EH risk in male

participants.

Category Subgroup Genetic

comparison

Na OR (95%CI) P value b Test of heterogeneity

P, I2(%) Effect model

Overall AA vs. GG 3 0.51 (0.36–0.72) 0.0001 0.36, 0.30 F

AG vs. GG 4 0.70 (0.58–0.83) < 0.0001 0.12, 0.48 F

AA/AG vs. GG 5 0.64 (0.48–0.85) 0.002 0.10, 0.52 R

AA vs. AG/GG 3 0.60 (0.43–0.84) 0.003 0.56, 0.00 F

A vs. G 4 0.72 (0.63–0.82) < 0.00001 0.12, 0.49 F

Country China AA vs. GG 1 0.65 (0.41–1.05) 0.08 - F

AG vs. GG 2 0.82 (0.64–1.05) 0.12 0.75, 0.00 R

AA/AG vs. GG 2 0.79 (0.63–1.01) 0.06 0.71, 0.00 F

AA vs. AG/GG 1 0.72 (0.45–1.13) 0.15 - F

A vs. G 2 0.82 (0.68–0.99) 0.04 0.74, 0.00 F

Japan AA vs. GG 2 0.39 (0.24–0.65) 0.0003 0.94, 0.00 F

AG vs. GG 2 0.56 (0.38–0.84) 0.005 0.14, 0.55 R

AA/AG vs. GG 3 0.61 (0.50–0.74) < 0.00001 0.18, 0.42 F

AA vs. AG/GG 2 0.50 (0.30–0.81) 0.005 0.93, 0.00 F

A vs. G 2 0.62 (0.52–0.75) < 0.00001 0.20, 0.38 F

a Number of studies
b P for OR

Co-dominant model; dominant model; recessive model; allelic contrast model

https://doi.org/10.1371/journal.pone.0177023.t004

Table 5. Meta-analysis of association between ALDH2 rs671 polymorphism and EH risk in female

participants.

Category Subgroup Genetic

comparison

Na OR (95%CI) P b Test of heterogeneity

P, I2(%) Effect model

Overall AA vs. GG 4 1.01 (0.81–1.26) 0.94 0.43, 0.00 F

AG vs. GG 5 1.02 (0.79–1.31) 0.90 0.01, 0.68 R

AA/AG vs. GG 5 1.01 (0.78–1.30) 0.94 0.01, 0.70 R

AA vs. AG/GG 4 0.99 (0.79–1.23) 0.91 0.61, 0.00 F

A vs. G 5 1.00 (0.83–1.21) 0.99 0.02, 0.66 R

Country China AA vs. GG 1 0.71 (0.45–1.15) 0.16 - F

AG vs. GG 2 0.35 (0.04–2.89) 0.33 0.008, 0.86 R

AA/AG vs. GG 2 0.35 (0.04–2.77) 0.32 0.009, 0.85 R

AA vs. AG/GG 1 0.75 (0.47–1.19) 0.22 - F

A vs. G 2 0.38 (0.06–2.58) 0.32 0.01, 0.84 R

Japan AA vs. GG 3 1.12 (0.87–1.45) 0.38 0.97, 0.00 F

AG vs. GG 3 1.10 (0.95–1.28) 0.20 0.35, 0.5 R

AA/AG vs. GG 3 1.10 (0.96–1.26) 0.15 0.40, 0.0 F

AA vs. AG/GG 3 1.07 (0.84–1.37) 0.59 0.98, 0.0 F

A vs. G 3 1.08 (0.97–1.20) 0.18 0.64, 0.0 F

a Number of studies
b P for OR

Co-dominant model; dominant model; recessive model; allelic contrast model

https://doi.org/10.1371/journal.pone.0177023.t005
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AG versus GG, OR = 0.75, 95% CI = 0.58–0.96) for Japanese cases and controls. Besides, the

association between rs671 polymorphism and EH risk remained significant in all genetic mod-

els overall and in Japanese male subjects. We only found a significant association under the

Fig 3. Funnel plot for association between ALDH2 rs671 polymorphism and EH risk. (A) co-dominant model (AA vs. GG); (B) co-dominant model (AG

vs. GG); (C) dominant model (AA/AG vs. GG); (D) recessive model (AA vs. AG/GG); (E) the allelic model (A vs. G).

https://doi.org/10.1371/journal.pone.0177023.g003
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allelic contrast model among Chinese male subjects (A vs. G, OR = 0.82, 95% CI = 0.68–0.99),

and no significant association between rs671 polymorphism and EH risk was found in

women. Thus, we concluded that the GG genotype of rs671 appears to be associated with an

increased risk of EH only in male subjects, especially in Japanese male subjects.

Fig 4. Sensitivity analysis of summary OR on association between ALDH2 rs671 polymorphism and risk of EH. (A) co-dominant model (AA

vs. GG); (B) co-dominant model (AG vs. GG); (C) dominant model (AA/AG vs. GG); (D) recessive model (AA vs. AG/GG); (E) allelic model (A vs. G).

https://doi.org/10.1371/journal.pone.0177023.g004
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Mitochondrial ALDH2 is responsible for the metabolism of toxic aldehydes [29].Individ-

uals carrying inactive ALDH2 may have a lower risk of alcohol-induced high blood pressure

than people with the wild-type enzyme, who can consume more alcohol without experienc-

ing acetaldehydemia [22]. Several studies suggested that ALDH2 could reduce ROS-induced

vascular contraction in angiotensin-II (AngII) hypertensive mice. And ALDH2 protected

both the microvasculature and microvasculature against reactive aldehydes generated

under the condition of sustained oxidative stress [24, 30, 31]. Because of its ability to reduce

the accumulation of acetaldehyde and the generation of reactive oxygen species (ROS), the

rs671 GG genotype could be associated with a lower incidence of hypertension. Our case-

control study showed that the ALDH2 rs671 polymorphism was significantly associated

with EH risk. Besides, the results showed that alcohol consumption was not a risk factor for

EH, for there was no significant difference of drinking habit between cases and controls

(P = 0.583). Thus, we concluded that the rs671 polymorphism of ALDH2 gene was likely to

be an independent risk factor.

A recent meta-analysis was published and also reported that the GG genotype of the rs671

polymorphism was a risk factor for EH [19]. However it was not clear whether or not the rs671

polymorphism is an independent risk factor of EH. Our study suggested that the rs671 poly-

morphism may be an independent risk factor according to the result of the case-control study.

The association between the rs671 polymorphism and EH risk was also confirmed by the fol-

lowing comprehensive meta-analysis. However, populations in different geographical areas

should be favored for the future study because both meta-analyses were conducted in Asian

populations.

A study has shown that the rs671 polymorphism is associated with EH risk among Mongo-

lian women but not men [23]. Our results are contrary to those studies. We found that the

rs671 polymorphism was significantly associated with risk of EH among male subjects in the

case-control study but not in women. Our findings can be explained in part by the physiologi-

cal differences between men and women. Lagranha et al. have found that the female heart has

increased phosphorylation and ALDH2 activity, which detoxifies ROS-producing aldehyde

adducts [32]. Meanwhile, some studies have shown that female hormones may protect women

from developing high blood pressure [33]. In addition, ethnic background may also have

played a role in the study of Hasi et al., which found a significant increase in the incidence of

hypertension in women carrying ALDH2 rs671 polymorphism [23].

Our study had some limitations. First, all case-control studies and meta-analyses were con-

ducted in China and Japan, therefore, our findings might be applicable only to Asian popula-

tions. Second, due to the lack of uniform background data for studies included in meta-

analysis, the data were not further stratified by other factors such as age, smoking, alcohol con-

sumption and other lifestyle factors.

In conclusion, this study provides evidence that the rs671 GG genotype may influence the

risk of EH independently of alcohol consumption, and mainly affects male subjects. Further

investigations with larger sample sizes and detailed gene–environment data should be carried

out to confirm these results, to provide an evidence base for public health management of EH.
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