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Abstract

Aim

To evaluate the association between the EPHX1 Tyr113His and His139Arg polymorphisms

in the EPHX1 gene and the risk of head and neck cancer.

Materials and Methods

Studies on the association of EPHX1 Tyr113His and His139Arg polymorphisms with HNC

performed up until June 1st, 2014, were identified using a predefined search strategy. Sum-

mary odds ratios (ORs) and 95% confidence intervals (CIs) were used to evaluate the

strength of these associations.

Results

In this meta-analysis, 10 case-control studies, which included 9 studies of Tyr113His (1890
cases and 1894 controls) and 10 studies of His139Arg polymorphisms (1982 cases and

2024 controls), were considered eligible for inclusion. Overall, the pooled results indicated

that the EPHX1 Tyr113His polymorphism was significantly associated with increased HNC

risk (Tyr/His vs. Tyr/Tyr, OR = 1.26, 95%1.02–1.57;His/His+ Tyr/His vs. Tyr/Tyr, OR = 1.29,

95% I = 1.03–1.61). However, no significant association was found between the His139Arg
polymorphism and HNC risk. In the subgroup analysis, a statistically significant association

between the EPHX1 Tyr113His polymorphism and HNC was observed in population-based

case-control studies (PCC), which involved less than 500 participants and genotype fre-

quencies in HWE. This association showed minimal heterogeneity after excluding studies

that were determined to contribute to heterogeneity. After categorizing the studies by publi-

cation time, a sensitivity analysis and cumulative meta-analysis of the two associations

were conducted, and the results of the two analyses were consistent.

PLOS ONE | DOI:10.1371/journal.pone.0123347 April 29, 2015 1 / 15

OPEN ACCESS

Citation: Chen H, Ge L, Sui Q, Lin M (2015)
Systematic Review and Meta-Analysis of the
Relationship between EPHX1 Polymorphisms and
the Risk of Head and Neck Cancer. PLoS ONE 10(4):
e0123347. doi:10.1371/journal.pone.0123347

Academic Editor: Keitaro Matsuo, Kyushu
University Faculty of Medical Science, JAPAN

Received: July 13, 2014

Accepted: March 2, 2015

Published: April 29, 2015

Copyright: © 2015 Chen et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.

Funding: This study was supported by grants from
the National Natural Science Foundation of China
(No. 81102059).

Competing Interests: The authors have declared
that no competing interests exist.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0123347&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Conclusion

Our meta-analysis suggests that EPHX1 Tyr113His polymorphism may be a risk factor for

HNC, while the EPHX1 His139Arg polymorphism has no association with HNC risk.

Introduction
Head and neck cancer (HNC) is the fifth most common type of human cancer [1], with ap-
proximately 434,000 new cases diagnosed annually worldwide [2]. HNC occurs more frequent-
ly in developing countries, such as India, Brazil, and Thailand [3–4]. Although the mechanism
underlying HNC is still not fully understood, accumulating evidence suggests that tobacco
smoking, drinking alcohol, and chewing betel quid are three main risk factors for HNC [5–6].
Several previous studies reported that tobacco smoke and alcohol metabolites may induce de-
fects in DNA and genomic instability, which can lead to mutations and malignant transforma-
tion [7–9].

Microsomal epoxide hydrolase (mEH) (EPHX1), which is one of the phase I detoxification
enzymes found on the endoplasmic reticulum in many tissues, plays a role in the metabolism
of potential carcinogens in tobacco smoke[10]. Epoxides, with their highly reactive oxidative
metabolites, are often the most toxicologically active drugs and environmental chemical [11].
EPHX1 catalyzes the hydrolysis of reactive epoxides to trans-dihydrodiols, and some dihydro-
diols can be subsequently metabolized to highly mutagenic polycyclic hydrocarbon diol epox-
ides [12–13]. Therefore, EPHX1 plays a dual role in the activation and detoxification of
procarcinogens. Moreover, some studies have reported that the role of EPHX1 in carcinogene-
sis may depend on exposure to different environmental substrates [14].

The EPHX1 gene is 35.48 kb in length with nine exons and eight introns [11], and it is locat-
ed on chromosome 1q42.1. More than 110 single nucleotide polymorphisms (SNPs) have been
identified in the EPHX1 gene, and these SNPs can be found in the dbSNP database (http://
www.ncbi.nlm.nih.gov/SNP). Two alleles of EPHX1 are common and have been associated
with altered enzyme activity [15]. With the differential effect of EPHX1 alleles on the detoxifi-
cation of procarcinogens, we proposed that the two functional polymorphisms may affect
HNC risk.

Several previous studies were conducted to evaluate the association between EPHX1 poly-
morphisms (Tyr113His and His139Arg) and the risk of HNC in different populations; however,
the results of these studies were inconclusive. Up to now, no remarkable evidence has been pre-
sented to suggest the precise role of EPHX1 (Tyr113His and His139Arg) in HNC. Accordingly,
a comprehensive evaluation of the associations between EPHX1 polymorphisms (Tyr113His
and His139Arg) and HNC risk is urgently needed. In this study, we reviewed the existing litera-
ture and performed a meta-analysis to evaluate the association between Tyr113His and
His139Arg polymorphisms in the EPHX1 gene and HNC susceptibility.

Materials and Methods

Search strategy
We conducted a computerized literature search of Medline, PubMed, EMBASE and China Na-
tional Knowledge Infrastructure Whole Article Database (CNKI) prior to the June 1st, 2014
using the following key words: (‘microsomal epoxide hydrolase’OR ‘EPHX1’OR ‘mEH’) AND
(‘head and neck’ OR ‘oral’ or ‘oropharynx’ OR ‘larynx’ OR ‘pharynx’) AND (‘cancer’OR
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‘tumor’OR ‘carcinoma’) AND (‘polymorphism’OR ‘variant’OR ‘allele’ OR ‘genotype’). The
search was not restricted by language but was restricted to human studies. The references cited
by the identified original studies and relevant reviews were searched at the same time. Further-
more, we contacted some experts in the area to obtain information about unpublished results
or ongoing trials nearing completion.

Inclusion and exclusion criteria
Relevant articles and abstracts were selected and reviewed independently by two of the authors
(Hong Chen and Lin Ge). The following inclusion criteria were used for published studies: (i)
case control studies that were performed to assess the association between at least one of the
two polymorphisms (Tyr113His and/or His139Arg) and HNC risk; (ii) papers that clearly de-
scribe HNC diagnoses and the sources of cases and controls; (iii) papers that include sufficient
genotype data such that the odds ratios (ORs) and 95% confidence intervals (CIs) can be calcu-
lated. If the samples described in two studies overlapped, we selected the study in which the
larger sample was identified. The major exclusion criteria were as follows: (i) papers classified
as reviews, editorials, letters, comments, or case reports; (ii) cell line studies; (iii) duplicate stud-
ies; (iv) studies in which the participants had distant metastasis or synchronous malignancy in
other organs.

Data extraction
Working independently, two authors (Hong Chen and Lin Ge) extracted the data from all eligi-
ble publications according to the inclusion criteria listed above. Any disagreements in data
quality scores and abstraction were assessed further and dealt with by discussion between the
authors. The following characteristics were extracted: the first author, year of publication,
country of origin of participants, ethnicity, cancer type, source of control group (population-
or hospital-based controls), number of cases and controls, genotypes, minor allele frequency
(MAF) in controls, and P for Hardy–Weinberg equilibrium (HWE) (Table 1). In this meta-
analysis, we defined a population-based case-control study (PCC) as a study that enrolled con-
trols from healthy populations, and we defined a hospital-based case-control study (HCC) as a
study that enrolled controls from hospitalized patients, as reported in previous studies [11,16].

Data synthesis
All data from the eligible studies were abstracted. We first evaluated HWE in the controls for
each eligible study using the chi-square goodness of fit test, and P>0.05 was considered statisti-
cally significant. Crude odds ratios (ORs) and 95% confidence intervals (95% CIs) were used
to estimate the strength of the association between HNC and the EPHX1 Tyr113His and
His139Arg polymorphisms. A Z-test was also used, and P values <0.05 indicated statistically sig-
nificant associations. Pooled ORs were estimated for genetic models including the dominant
model, recessive model, homozygote comparison and heterozygote comparison. Using EPHX1
Tyr113His as an example, the codominant model would be His/His vs. Tyr/Tyr and Tyr/His vs.
Tyr/Tyr, the dominant model would be His/His+ Tyr/His vs. Tyr/Tyr, and the recessive model
would be His/His vs. Tyr/His+ Tyr/Tyr [17].

We tested statistical heterogeneity by using Cochran’s Q statistic [18] and the I2 statistic
[19], where P<0.1 was considered significant heterogeneity, and I2>50% indicated large het-
erogeneity. If heterogeneity existed, a random-effects model (the DerSimonian and Laird
method) was adopted [20]; otherwise, a fixed-effects model (the Mantel-Haenszel method) was
adopted [21] as appropriate. In addition, heterogeneity was also examined in subgroup analy-
ses by ethnicity, source of controls (HCC/PCC), study sample size (�500/<500 subjects),
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matched control (Yes/No), and HWE in controls (Yes/No). The reliability of the results was
evaluated by performing sensitivity analysis. A funnel plot, Begg’s rank correlation method
[22] and the Egger’s weighted regression method [23] were adopted to statistically assess publi-
cation bias (P< 0.05 was considered statistically significant). All analyses were performed
using STATA software, version 12.0 (STATA Corp., College Station, TX, USA).

Results

Description of the included trials
267 publications relevant to the search words were identified, and all of them were written in
English. The two reviewers (Hong Chen and Lin Ge) independently screened the title and

Table 1. Characteristics of studies included in this meta-analysis.

Author Year Country Ethnicity Cancer
types

SNPs
studied

Source
of
Control

Sample
size
(case/
control)

Specimen Genotyping
Methods

MAF in
Controls

P for
HWE

Jourenkova-
Mironova

2000 France Caucasian oral/
pharyngeal/
laryngeal
cancer

Tyr113His;
His139Arg

HCC 250/172 peripheral
blood

ASO-PCR 0.40;0.14 0.36;0.22

Amador 2002 India mixed oral/
pharyngeal/
laryngeal
cancer

Tyr113His;
His139Arg

PCC 137/99 peripheral
blood

RFLP-PCR 0.45;0.16 0.69;0.05

Lacko 2008 Netherlands Caucasian oral/
pharyngeal/
laryngeal
cancer

Tyr113His;
His139Arg

PCC 429/419 peripheral
blood

RFLP-PCR 0.31;0.20 0.55;0.70

To-Figueras 2002 Spain Caucasian laryngeal
cancer

Tyr113His;
His139Arg

PCC 204/203 peripheral
blood

RFLP-PCR 0.31;0.19 0.24;0.96

Wenghoefer 2003 German Caucasian oral/
pharyngeal/
laryngeal
cancer

Tyr113His;
His139Arg

PCC 280/289 peripheral
blood

Taqman 0.31;0.22 0.51;0.13

Boccia 2008 Italy Caucasian oral/
pharyngeal/
laryngeal
cancer

Tyr113His;
His139Arg

HCC 210/245 peripheral
blood

RFLP-PCR 0.28;0.20 0.01;0.10

Balaji 2011 India Asian oral cancer Tyr113His;
His139Arg

PCC 157/132 peripheral
blood

Taqman 0.39;0.23 0.80;0.37

Varela-
Lema

2008 Chile Caucasian oral/
pharyngeal
cancer

His139Arg HCC 92/130 peripheral
blood

RFLP-PCR 0.17 0.10

Park 2003 USA Caucasian oral/
laryngeal
cancer

Tyr113His;
His139Arg

HCC 143/213 either
buccal
cells or
tissue

RFLP-PCR 0.38;0.18 5.56E-
09;0.91

2003 USA African
American

oral/
laryngeal
cancer

Tyr113His;
His139Arg

HCC 80/122 either
buccal
cells or
tissue

RFLP-PCR 0.18;0.30 0.00;0.74

Abbreviations: SNPs: single nucleotide polymorphisms; HCC, hospital-based case-control; PCC, population-based case-control; PCR-RFLP, polymerase

chain polymorphism reaction-restriction fragment length; ASO-PCR, allelespecific oligonucleotide-polymerase chain reaction; MAF, minor allele frequency;

HWE, Hardy–Weinberg equilibrium.

doi:10.1371/journal.pone.0123347.t001
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abstract with the focus question, and12 articles were identified [24–35]. Of these articles, three
were excluded after full-text assessment for eligibility for the following reasons: one study was
irrelevant, one study did not examine the association between these two polymorphisms
(Tyr113His and His139Arg), and one study (an HNC risk study) did not yield an accurate re-
sult. A flow chart illustrating the study selection and specific reasons for exclusion is presented
in Fig 1. Thus, 10 studies reported in 9 articles [24–32], which included 9 studies of Tyr113His
(1890cases and 1894 controls) and 10 studies of His139Arg polymorphisms (1982 cases and
2024 controls), were found to match our inclusion criteria. One article [31] mentioned two in-
dependent case-control studies (Caucasians and African Americans), and the article was thus
treated as two separate estimates.

The characteristics of the studies included in the meta-analysis are presented in Table 1.
The ethnicities studied included Asians, African Americans, Caucasians, and mixed ethnicities.
The studies were carried out in India, the Netherlands, Spain, Germany, Italy, Chile, France,
and the USA. Among these studies, 5 studies focused on oral/pharyngeal/laryngeal cancer, 3

Fig 1. Flow chart of study selection and specific reasons for exclusion from themeta-analysis.

doi:10.1371/journal.pone.0123347.g001

EPHX1 Polymorphisms on the Risk of HNC: A Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0123347 April 29, 2015 5 / 15



on oral /laryngeal cancer, 1 on oral cancer and 1 on laryngeal cancer. Most of the studies in-
volved extraction of DNA from peripheral blood and employed the classic PCR-RFLP assay
and PCR for genotyping. The genotype distributions among the controls of all studies followed
HWE except for two studies [28, 31] that examined the Tyr113His polymorphism.

Quantitative synthesis
The EPHX1 Tyr113His polymorphism and HNC susceptibility. Eight articles [24–29,

31–32] included in this meta-analysis described 9 case-control studies, with 1890 cases and
1894 controls, revealing an association between the EPHX1 Tyr113His polymorphism and
HNC susceptibility. The main results of this pooled analysis are presented in Table 2 and Fig 2
shows forest plots illustrating the effect of the EPHX1 Tyr113His polymorphism on HNC risk.
Overall, the combined results based on all studies showed that the Tyr113His polymorphism
was significantly associated with HNC susceptibility (homozygote comparison model, Tyr/His
vs. Tyr/Tyr, OR = 1.26, 95% 1.02–1.57; dominant model: His/His+ Tyr/His vs. Tyr/Tyr,
OR = 1.29, 95% I = 1.03–1.61). However, the same association was not found in the homozy-
gote comparison or recessive genetic models (homozygote comparison model, OR = 1.35, 95%
CI = 0.93–1.96; recessive model, OR = 1.18, 95% CI = 0.86–1.62).

To determine the reason underlying the potential underestimation of the true effect of these
polymorphisms on HNC risk, we performed subgroup analysis according to ethnicity, source
of controls, study sample size, matched controls, and HWE in controls. Different ethnicities

Table 2. Quantitative analyses of the EPHX1 Tyr113His polymorphism on the head and neck cancer risk.

Genetic model Homozygote Heterozygote Dominant model Recessive model

Variables Sample size His/His vs. Tyr/Tyr Tyr/His vs. Tyr/Tyr His/His+ Tyr/His vs. Tyr/
Tyr

His/His vs. Tyr/His
+Tyr/Tyr

Na Case/control OR(95%CI) Pvalue
b OR(95%CI) Pvalue

b OR(95%CI) Pvalue
b OR(95%CI) Pvalue

b

Total 9 1890/1894 1.35(0.93,1.96) 0.00 1.26(1.02,1.57) 0.02 1.29(1.03,1.61) 0.01 1.18(0.86,1.62) 0.01

Ethnicity

Caucasians 6 1516/141 1.14(0.82,1.59) 0.08 1.21(0.95,1.55) 0.03 1.20 (0.95,1.52) 0.03 1.04(0.78,1.39) 0.15

others 3 374/353 2.07(0.72,5.98) 0.01 1.44(0.86,2.41) 0.10 1.56(0.85,2.85) 0.03 1.65(0.68,4.01) 0.02

Source of controls

HCCc 4 683/752 1.30(0.73,2.29) 0.04 1.15(0.70,1.89) 0.01 1.20(0.77,1.86) 0.01 1.19(0.71,1.98) 0.06

PCCc 5 1207/1142 1.40(0.80,2.47) 0.00 1.28(1.05,1.57) 0.29 1.34(1.02,1.77) 0,04 1.18(0.75,1.88) 0.02

Study sample size

�500 2 709/708 0.96(0.66,1.39) 0.84 1.12(0.90,1.40) 0.66 1.09(0.89,1.35) 0.66 0.91(0.63,1.30) 0.93

<500 7 1181/1186 1.52(0.93,2.48) 0.00 1.32(0.97,1.80) 0.01 1.37(1.01,1.87) 0.00 1.30(0.86,1.97) 0.01

Matched control

Yes 3 617/549 1.06(0.59,1.90) 0.06 1.46(0.82,2.58) 0.01 1.33(0.75,2.35) 0.00 0.89(0.64,1.24) 0.35

No 6 1273/1345 1.56(0.94,2.59) 0.01 1.17(0.96,1.42) 0.27 1.26(0.99,1.60) 0.07 1.40(0.91,2.17) 0.02

HWEd in controls

Yes 7 1600/127 1.50(1.00,2.23) 0.01 1.38(1.09,1.75) 0.04 1.42(1.12,1.80) 0.02 1.27(0.90,1.79) 0.02

No 2 290/367 0.80(0.39,1.67) 0.23 0.88(0.62,1.24) 0.86 0.85(0.62,1.16) 0.70 0.84(0.40,1.76) 0.22

aNumber of comparisons.
bP value of Q-test for heterogeneity test. Random-effects model was used when Pvalue <0.1, otherwise, fixed-effects model was adopted
cHCC, hospital-based case control; PCC, population-based case control.
dHWE: P for Hardy–Weinberg.

doi:10.1371/journal.pone.0123347.t002
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were categorized as Caucasians and others, while different sources of controls were defined as
HCC and PCC.

Regarding ethnicity and the source of controls subgroup analysis, a significantly increased
HNC risk was observed in PCC studies (Tyr/His vs. Tyr/Tyr, OR = 1.28, 95%CI = 1.05–1.57;
His/His+ Tyr/His vs. Tyr/Tyr, OR = 1.34, 95%CI = 1.02–1.77). When stratified by study size, a
significant association was found in studies with less than 500 participants (His/His+ Tyr/His
vs. Tyr/Tyr, OR = 1.37, 95%CI = 1.01–1.87). This association remained consistently strong
when the analyses were limited to studies in which genotype frequencies were in HWE (His/
His vs. Tyr/Tyr, OR = 1.50, 95%CI = 1.00–2.23; Tyr/His vs. Tyr/Tyr, OR = 1.38, 95%CI = 1.09–
1.75; His/His+ Tyr/His vs. Tyr/Tyr, OR = 1.42, 95%CI = 1.12–1.80) (Table 2).

The EPHX1 His139Arg polymorphism and HNC susceptibility. Nine articles [24–32]
were included in this meta-analysis that described 10 case-control studies, with 1982 cases and
2024 controls, reporting the association between the EPHX1 His139Arg polymorphism and

Fig 2. Forest plots of ORs with 95%CIs for EPHX1 Tyr113His polymorphisms and HNC risk. The center of each square represents the OR, the area of
the square is the number of sample and thus the weight used in the meta-analysis, and the horizontal line indicates the 95%CI. (A) Tyr/His vs. Tyr/Tyr. (B)
Tyr/His vs. Tyr/Tyr. (C) His/His+ Tyr/His vs. Tyr/Tyr. (D) His/His vs. Tyr/His +Tyr/Tyr.

doi:10.1371/journal.pone.0123347.g002
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HNC susceptibility. The main results of this pooled analysis are presented in Table 3 and Fig 3
shows forest plots illustrating the effect of the EPHX1 Tyr113His polymorphism on HNC risk.

Overall, the EPHX1 His139Arg polymorphism was not significantly associated with HNC
susceptibility in four genetic models: Arg/Arg+ Arg/His vs. His/His (dominant model,
OR = 1.13, 95% CI = 0.91–1.41), Arg/Arg vs. Arg/His+His/His (recessive model, OR = 0.77,
95% CI = 0.58–1.02), Arg/Arg vs. His/His (homozygote comparison, OR = 0.79, 95%
CI = 0.57–1.09), and Arg/His vs. His/His (heterozygote comparison, OR = 1.11, 95% CI = 0.74–
1.65). There were no significant associations found in the four genetic models between the
His139Arg polymorphism and HNC susceptibility in any of the subgroup analyses (Table 3).

Heterogeneity analysis
For the Tyr113His polymorphism, significant heterogeneity was found in the overall compari-
sons in four genetic models: dominant model P = 0.01, recessive model P = 0.01, homozygote
comparison P = 0. 00, and heterozygote comparison P = 0.02.

Significant heterogeneity was also detected for theHis139Arg polymorphism. No significant
heterogeneity was found in the homozygote comparison or the recessive model comparison;
however, significant heterogeneity was detected in the heterozygote comparison and dominant
model (dominant model P = 0.02, recessive model P = 0.60, homozygote comparison P = 0.51,
and heterozygote comparison P = 0.00.). Galbraith plot analyses were used to evaluate the po-
tential sources of heterogeneity in this article. In this analysis, three studies [24, 28, 32] were
found to be contributors of heterogeneity for the Tyr113His polymorphism (S1 Fig). After ex-
cluding these three outlier studies, we re-evaluated the association with reduced heterogeneity
(His/His vs. Tyr/Tyr: P = 0.55; Tyr/His vs. Tyr/Tyr: P = 0.66; His/His+ Tyr/His vs. Tyr/Tyr:
P = 0.86; His/His vs. Tyr/His+ Tyr/Tyr: P = 0.32). Regarding theHis139Arg polymorphism, two

Table 3. Quantitative analyses of the EPHX1 His139Arg polymorphism on the head and neck cancer risk.

Genetic model Homozygote Heterozygote Dominant model Recessive model

Variables Sample size Arg/Arg vs. His/His Arg/His vs. His/His Arg/Arg+Arg/His vs.
His/His

Arg/Arg vs.Arg/His
+His/His

Na Case/control OR(95%CI) Pvalue
b OR(95%CI) Pvalue

b OR(95%CI) Pvalue
b OR(95%CI) Pvalue

b

Total 10 1982/2024 0.79(0.57,1.09) 0.51 1.11(0.74,1.65) 0.00 1.13(0.91,1.41) 0.02 0.77(0.58,1.02) 0.60

Ethnicity

Caucasians 7 1608/1671 0.83(0.56,1.21) 0.23 1.24(0.72,2.16) 0.00 1.27(0.98,1.64) 0.03 0.77(0.56,1.07) 0.30

others 3 374/353 0.70(0.38,1.30) 0.99 0.88(0.64,1.22) 0.42 0.86(0.63,1.16) 0.50 0.77(0.42,1.40) 0.94

Source of controls

HCCc 4 683/752 0.69(0.41,1.15) 0.29 1.08(0.29,3.99) 0.00 1.28(0.73,2.25) 0.00 0.72(0.49,1.07) 0.34

PCCc 5 1299/1272 0.86(0.57,1.32) 0.61 1.14(0.96,1.37) 0.98 1.11(0.93,1.31) 0,91 0.83(0.55,1.26) 0.62

Study sample size

�500 2 709/708 0.78(0.46,1.35) 0.94 1.17(0.94,1.47) 0.95 1.12(0.90,1.40) 0.94 0.74(0.43,1.28) 0.92

<500 8 1273/1316 0.79(0.53,1.19) 0.31 1.08(0.58,1.98) 0.00 1.15(0.84,1.58) 0.01 0.78(0.56,1.09) 0.40

Matched control

Yes 3 617/549 0.66(0.33,1.34) 0.74 0.46(0.12,1.80) 0.00 1.04(0.76,1.42) 0.19 0.64(0.32,1.29) 0.81

No 7 1365/1475 0.83(0.57,1.20) 0.28 1.32(0.89,1.97) 0.00 1.20(0.89,1.62) 0.02 0.80(0.59,1.09) 0.35

aNumber of comparisons.
bP value of Q-test for heterogeneity test. Random-effects model was used when Pvalue <0.1, otherwise, fixed-effects model was adopted
cHCC, hospital-based case control; PCC, population-based case control.

doi:10.1371/journal.pone.0123347.t003
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studies [24, 31] were found to be contributors of heterogeneity (S1 Fig), and this heterogeneity
was significantly reduced after the two studies were excluded(Arg/Arg vs.His/His: P = 0.58;
Arg/Arg vs. Arg/His+His/His: P = 0.89).

Heterogeneity analysis
For the Tyr113His polymorphism, significant heterogeneity was found in the overall compari-
sons in four genetic models: dominant model P = 0.01, recessive model P = 0.01, homozygote
comparison P = 0. 00, and heterozygote comparison P = 0.02.

Significant heterogeneity was also detected for theHis139Arg polymorphism. No significant
heterogeneity was found in the homozygote comparison or the recessive model comparison;
however, significant heterogeneity was detected in the heterozygote comparison and dominant
model (dominant model P = 0.02, recessive model P = 0.60, homozygote comparison P = 0.51,
and heterozygote comparison P = 0.00.). Galbraith plot analyses were used to evaluate the po-
tential sources of heterogeneity in this article. In this analysis, three studies [24, 28, 32] were

Fig 3. Forest plots of ORs with 95%CIs for EPHX1 His139Arg polymorphisms and HNC risk. The center of each square represents the OR, the area of
the square is the number of sample and thus the weight used in the meta-analysis, and the horizontal line indicates the 95%CI. (A) Arg/Arg vs. His/His. (B)
Arg/His vs.His/His. (C) Arg/Arg+Arg/His vs. His/His. (D) Arg/Arg vs.Arg/His+His/His.

doi:10.1371/journal.pone.0123347.g003
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found to be contributors of heterogeneity for the Tyr113His polymorphism (S1 Fig). After ex-
cluding these three outlier studies, we re-evaluated the association with reduced heterogeneity
(His/His vs. Tyr/Tyr: P = 0.55; Tyr/His vs. Tyr/Tyr: P = 0.66; His/His+ Tyr/His vs. Tyr/Tyr:
P = 0.86; His/His vs. Tyr/His+ Tyr/Tyr: P = 0.32). Regarding theHis139Arg polymorphism, two
studies [24, 31] were found to be contributors of heterogeneity (S1 Fig), and this heterogeneity
was significantly reduced after the two studies were excluded (Arg/Arg vs. His/His: P = 0.58;
Arg/Arg vs. Arg /His+His/His: P = 0.89).

Sensitivity analysis
Sensitivity analysis was conducted to detect the influence of a single study on the overall meta-
analysis by omitting one study at a time. Regarding the association of the EPHX1 Tyr113His
polymorphism with HNC risk, the study [32] seemed to have the greatest influence on the
overall pooled estimates. Without that study, a re-evaluation of the meta-analysis showed that
the OR became 1.13 (95% CI: 0.91–1.41). Compared with the previous result (OR = 1.35, 95%
CI: 0.93–1.96), this result was not obviously different, which indicated the stability of the re-
sults. Regarding the association of the EPHX1 His139Arg polymorphism with CRC risk, the
study [31] seemed to have the most influence on the overall pooled estimates. After the removal
of this study, the meta-analysis showed that the OR changed from 1.11 (95% CI: 0.74–1.65) to
1.98 (95% CI: 0.84–1.14), which indicated the stability of the results. When the studies that
were not in HWE were excluded, the estimated pooled OR was only altered in the homozygote
comparison for the Tyr113His polymorphism (Table 2), demonstrating that our results
were reliable.

Cumulative meta-analysis
Cumulative meta-analyses were used to examine how the evidence has changed over time. In
this article, we conducted cumulative meta-analyses of the 2 associations by categorizing the
studies by publication time.

S2 Fig displays the results from the cumulative meta-analysis of the association between the
EPHX1 Tyr113His polymorphism (His/His+ Tyr/His vs. Tyr/Tyr) and overall HNC in chrono-
logical order. The results showed a minimally significant association between the EPHX1
Tyr113His polymorphism and HNC risk when the data were categorized by publication year.
A lack of significant associations between the EPHX1 His139Arg polymorphism and HNC risk
was observed when the data were categorized by publication year (S2 Fig).

Publication bias
Publication bias appears if no significant findings remain unpublished, which will artificially
expand the apparent magnitude of an effect. In this meta-analysis, funnel plot, Begg’s and
Egger’s tests were used to evaluate publication bias of the literature on HNC. S3 Fig and S4 Fig
show funnel plots of overall HNC risk and EPHX1 polymorphisms with basic symmetry,
which suggested a lack of publication bias. Moreover, the results of statistical analysis revealed
that publication bias was not evident, with the exception of the meta-analysis of the EPHX1
His139Arg homozygote comparison [(1) EPHX1Tyr113His,His/His vs. Tyr/Tyr: Begg’s
test P = 0.12, Egger’s test P = 0.34; Tyr/His vs. Tyr/Tyr: Begg’s test P = 0.40, Egger’s test
P = 0.25; dominant model: Begg’s test P = 0.18, Egger’s test P = 1.30; recessive model: Begg’s
test P = 0.12, Egger’s test P = 0.46. (2) EPHX1 His139Arg, Arg/Arg vs.His/His: Begg’s test
P = 0.28, Egger’s test P = 0.05; Arg/His vs. His/His: Begg’s test P = 0.86, Egger’s test P = 0.16;
dominant model: Begg’s test P = 0.86, Egger’s test P = 0.61; recessive model: Begg’s test
P = 0.86, Egger’s test P = 0.59](Table 4).
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Discussion
Some previous articles reported a significant association between EPHX1polymorphism and
several human diseases, such as type 2 diabetes mellitus [36], alcohol dependence [37], and
chronic obstructive pulmonary disease [38], while others found no such association [39–41].
In this meta-analysis, the pooled results indicated that subjects carrying the EPHX1 Tyr113His
genotype had an increased risk of developing HNC. Our approach also allowed us to identify
some potential differences, such as ethnicity, source of controls, study sample size and others.

In different ethnicities, the EPHX1 polymorphism did not have a significant association
with HNC risk. Our result differed from that of Zhong J H [42] and Liu F [11], which may be
due to the limited number of studies in these analyses. Thus, well-designed studies with a large
sample size that evaluate multiple ethnicities are required. The results of meta-analyses often
depend on control selection procedures [43], such as the source of participants. In this meta-
analysis, a statistically significant association between the EPHX1 Tyr113His polymorphism
and HNC was observed in PCC studies, but not HCC studies, as the latter may contribute to
some selection biases. Controls from a hospital population may not be a representative of the
general population, especially when the investigated genotypes are associated with disease con-
ditions [11]. In a subgroup analysis of controls in HWE, the 2 associations were only statistical-
ly significant in studies in which the controls followed HWE. Potential errors may occur in
studies examining populations that deviate from HWE, such as laboratory or genotyping er-
rors, population stratification, selection bias in the choice of controls and other confounding
factors [44–45]. Simultaneously, the limited sample size may be an obstacle to obtaining accu-
rate results. In this meta-analysis, a statistically significant association between the EPHX1
Tyr113His polymorphism and HNC was observed in studies enrolling less than 500
participants.

The degree of heterogeneity in a meta-analysis partially determines the difficulty in drawing
overall conclusions [46]. Q-test and I2 statistics were calculated to test the impact of heteroge-
neity on the overall comparisons and some subgroup analyses where P<0.1 was considered sig-
nificant heterogeneity and I2>50% indicated large heterogeneity. Galbraith plot analyses were
used to evaluate the potential sources of heterogeneity in this article. In this analysis, three
studies [24, 28, 32] were found to be contributors of heterogeneity for the Tyr113His polymor-
phism, while two studies [24, 31] were found to be contributors of heterogeneity for the
His139Arg polymorphism. The heterogeneity was significant reduced after excluding these
outlier studies; however, the conclusion was still consistent in the overall comparisons. Fur-
thermore, although we conducted a sensitivity analysis by omitting one study at a time, we

Table 4. Pooled data for EPHX1and HNC risk in meta-analyses.

EPHX1 Tyr113His EPHX1 His139Arg

His/His vs.
Tyr/Tyr

Tyr/His vs.
Tyr/Tyr

His/His+ Tyr/
His vs. Tyr/
Tyr

His/His vs.
Tyr/His +Tyr/
Tyr

Arg/Arg
vs. His/
His

Arg/His
vs. His/His

Arg/Arg+Arg/
His vs. His/His

Arg/Arg vs.
Arg/His+His/
His

P-Publication
bias

Egger 0.34 0.25 1.30 0.46 0.05 0.16 0.61 0.59

Begg 0.12 0.40 0.18 0.12 0.28 0.86 0.86 0.86

Heterogeneity
test

P
value

0.00 0.02 0.01 0.01 0.51 0.00 0.02 0.61

I2 66.4% 55.1% 63.8% 58.2% 0% 80.9% 53.0% 0%

1. Fixed effects models were used, weighted by the inverse variance; 2. P < 0.1 is considered statistically significant for Q statistics; I2 is interpreted as the

proportion of total variation contributed by between-study variation; 3. Egger’s test and Begg’s test to evaluate publication bias, P < 0.05 is considered

doi:10.1371/journal.pone.0123347.t004
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found no significant difference, indicating that our results were statistically reliable. Cumula-
tive meta-analyses were also conducted to examine how the evidence has changed over time,
and the results were borderline significant.

However, the meta-analysis described herein had some limitations. First, unadjusted OR es-
timates were adopted in this meta-analysis because we could not obtain sufficient information
to calculate adjusted ORs with potential confounders, such as age and sex. Second, the study
size and the sample size for some subgroup analyses were limited, which contributes to the pos-
sibility of type I and type II errors. Thus, the reliability of our results may need to be further
tested. Third, similar to previous studies[11], this meta-analysis only focused on analyzing two
individual SNPs—a combination (two-SNP) analysis was not performed. However, the activity
of EPHX1 can be affected by single Tyr113His andHis139Arg polymorphisms or a combina-
tion of these polymorphisms [46–47]. In this analysis, only combination (two-SNP) analyses
were considered, which prevented us from performing a pooled analysis. Finally, significant
heterogeneity was found in studies examining EPHX1 polymorphisms, and in some studies,
the genotype distribution showed a deviation from HWE. As a retrospective study, the quality
of a meta-analysis is dependent on the methodological limitations of the original studies. To
minimize bias, we first designed a detailed protocol and performed a meticulous search as a
predefined search strategy.

In conclusion, this meta-analysis evaluates the relationship between EPHX1 polymorphisms
and HNC risk. Our meta-analysis suggests that the EPHX1 Tyr113His polymorphism may be a
risk factor for HNC, while the EPHX1

His139Arg polymorphism has no association with HNC risk. In subgroup analysis, a statisti-
cally significant association between the EPHX1 Tyr113His polymorphism and HNC was ob-
served in population-based case-control studies, studies that enrolled more than 500
participants and studies in which the genotype frequencies were in HWE. When stratified by
ethnicity, no significant associations were found in this study; thus, well-designed studies with
a large sample size that examine multiple ethnicities are required. Moreover, further meta-anal-
yses must be performed to estimate the effects of both single SNP analysis and combination
(two-SNP) analysis. Gene–environment interactions should also be examined to determine the
association between the EPHX1 polymorphisms and HNC risk.
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