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artery disease risk
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Abstract
The myeloperoxidase (MPO) gene 463G/A and 129G/A polymorphisms have been reported to be associated with coronary artery
disease (CAD), but the results remain inconclusive. This meta-analysis was designed to clarify these controversies.
PubMed, EMBASE, and the Cochrane Library were used to retrieve the relevant literature up to March 2015 according to

keywords. A total of 8 case–control studies, including 3491 cases and 7293 controls, were included in this meta-analysis. Summary
odds ratios (ORs) and their corresponding 95% confidence intervals (CIs) were calculated.
There was strong evidence of an association between the MPO 463G/A polymorphism and CAD. The data revealed that only the

dominant model was associated with CAD (dominant model: OR=0.872, 95% CI=0.77–0.99). Regarding the 129G/A gene
polymorphism, the pooled OR for the genotype AA+AG versus GG was 0.906 (95% CI=0.74–1.10).
This meta-analysis suggested an association between the MPO 463G/A polymorphism and the risk of CAD, but there is no

significant association between the MPO 129G/A gene polymorphism and CAD risk.

Abbreviations: A = adenine, CAC = coronary angiography-confirmed CAD, CAD = coronary artery disease, CI = confidence
interval, G = guanine, HWE = Hardy–Weinberg equilibrium, MI = myocardial infarction, MPO = myeloperoxidase, OR = odds ratio,
SNP = single-nucleotide polymorphism, SP1 = specificity protein 1.
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1. Introduction

Coronary artery disease (CAD) is a multifactorial disease that is
pathologically based on atherosclerosis and thrombogenesis in
the artery. CAD is influenced by genetic polymorphisms and
environmental factors, and genetic differences in molecules have
been linked to the susceptibility to this disease.[1]

Evidence has accumulated that indicates that an unbalanced
production of oxidizedmoleculeswithin the vascular wall is one
of the mechanisms that is involved in the onset and progression
of atherosclerosis and CAD.[2] Myeloperoxidase (MPO) is a
member of the heme peroxidase super family of neutrophils and
monocytes and has been proposed to be a novel risk indicator
for future coronary events in healthy people and a prognostic
marker in CAD patients.[3–5] Elevated serum MPO levels have
been reported to be associated with a higher risk for CAD.[6] A
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number of polymorphisms have been identified in the promoter
of the MPO gene and the coding regions.[7] Two single-
nucleotide polymorphisms (SNPs) in the MPO gene, that is,
463G/A and 129G/A, have been demonstrated to the
regulate MPO protein level and activity.[8] The A-allele at the
MPO gene position 129 and homozygosity for a G at position
463 result in lower MPO concentrations.[9] The A-allele at the
MPO gene position 129 and homozygosity for a G at position
463 result in lower MPO concentrations.[10,11] Therefore, we
performed a comprehensive meta-analysis with the aim of
determining whether there are significant associations of the
MPO 463G/A and 129G/A polymorphisms with the suscepti-
bility to CAD.

2. Methods

2.1. Search strategy

We searched the PubMed, EMBASE, and Cochrane Library
platforms up to December 2015 for observational studies that
evaluated the associations of the 129G/A and 463G/A polymor-
phisms of the MPO gene with the risk of CAD. The following
terms were used for the search: “myeloperoxidase” or “MPO,”
“polymorphism” or “variation” or “mutation” combined with
“coronary artery disease” or “coronary heart disease” or
“ischemic heart disease” or “myocardial infarction” or
“CAD” or “CHD (coronary heart disease)”. The search results
were limited to articles published in the English language. Two
investigators (YW and XZ) screened each of the titles, abstracts,
and full texts to independently determine inclusion, and
disagreements were followed by discussion until a consensus
was reached. All analyses were based on previous published
studies, thus ethical approval and patient consent were not
required.
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2.2. Study selection

The inclusion criteria were as follows: evaluation of the
association of the MPO 463G/A and 129G/A polymorphisms
with CAD risk, case–control studies, the MPO 129G/A or 463G/
A frequencies were provided, and the CAD diagnoses were
appropriate (i.e., angiographically confirmed or elevations of
cardiac enzymes), changes in electrocardiographic and clinical
symptoms according to the WHO criteria were present. Studies
were excluded as follows: duplicate publications (the studies with
smaller data sets were excluded), review articles, laboratory or
animal studies, and other studies clearly unrelated to the MPO
129G/A and 463G/A polymorphisms or CAD.

2.3. Data extraction

Two reviewers (YW and XZ) independently performed the data
extraction from all of the eligible publications using a redesigned
form. The following data were collected from each study: the first
author’s name; the year of publication; the study population
(ethnicity, sex, and age); the percentage of males among the cases
and controls; the mean ages and number of cases and controls;
and the numbers of individuals with the GG, AG, and AA
genotypes in both cases. The results were compared, and
disagreements were settled by consensus.

2.4. Assessment of study quality

The qualities of the included studies were assessed using the
Newcastle–Ottawa Quality Assessment Scale for case–control
studies. A study can be granted a maximum of 1 star for each
numbered item within the selection and exposure categories. A
maximum of 2 stars can be awarded for comparability. The total
quality scores ranged from 0 to 9 stars.

2.5. Statistical analysis

The statistical analyses were performed with the STATA software
version 11.0 (STATACorp., College Station, TX). Tomeasure the
strengths of the genetic associations of the MPO 129G/A and
463G/A polymorphism with the risk of CAD, the pooled odds
ratios (ORs) and 95% confidence interval (CI) were calculated. A
x2 test was used to check whether the frequencies of the genotypes
deviated from the Hardy–Weinberg equilibrium (HWE). The
heterogeneityamong studieswasanalyzedusing theQ statistic test.
P< .10 was considered statistically significant.[12] If significant
heterogeneity was observed, the DerSimonian–Laird method was
used to evaluate the pooled ORs (95% CIs) in random effects
model. If no significant heterogeneity was observed, the Mantel–-
Haenszel test was used to calculate the pooled ORs (95% CIs) in
fixed effects models.[13] To explore the effect of heterogeneity
among the studies, subgroup analyses were performed. Sensitivity
analysiswas performedbyomitting each study to assess the quality
and consistency of the results. We also performed Egger test to
examine publication bias, and P< .05 was considered representa-
tive of statistical significance.[14]

3. Results

3.1. Study characteristics

Theprocess of study selection and exclusionwith specific reasons is
illustrated in Fig. 1. Two SNPs in the MPO gene, that is, MPO
129G/A andMPO 463G/A, were considered. Five studies[10,15–18]

including 1881 cases and 5554 controls investigated the associa-
tion between theMPO 463G/A genotype and the CAD risk. Three
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studies comprising 1610 patients and 1739 controls
addressed the association between the MPO 129G/A polymor-
phism and CAD and were included in this meta-analysis. For 1
study[16] that involved 2 stage groups, each group was analyzed
separately. The quality scores of all of the included studies were
greater than 5 stars. The main characteristics of all of the
case–control studies are listed in Table 1. In addition, all of the
studies used blood samples for deoxyribonucleic acid (DNA)
extraction, and the polymerase chain reaction, TaqMan (Applied
Biosystems, Foster City, CA), or DNA sequencing methods were
used for the genotyping. The controls weremainlymatched for sex
and age. All of the studies were included in analysis of the
association of the MPO 463G/A polymorphism and CAD,
although 1 study exhibited evidence of a departure from the
HWE. The distributions of the genotypes of the MPO 129G/A
polymorphism in all of the control groups were found to be
consistent with the HWE. The genotype frequencies of the studies
included in the meta-analysis are listed in Table 2.

3.2. Meta-analysis results
3.2.1. Association between the MPO 463G/A polymorphism
and CAD risk. Table 3 lists the main results of the meta-analysis
of the association between the MPO 463G/A polymorphism and
CAD risk. When all studies were pooled in the meta-analysis,
only the dominant model was associated with CAD, and the data
indicated that the subjects with the AA+AG genotypes exhibited
a 12.8% decrease in the risk of CAD relative to the subjects with
the GG genotype (dominant model: OR=0.872, 95% CI=
0.77–0.99). However, there was noteworthy heterogeneity
between the studies. Hence, we then performed subgroup
analysis. Through stratified analyses, the heterogeneities of the
subgroups were notably reduced. In the subgroup analysis of
ethnicity, heterogeneity almost completely disappeared in Asian
populations, and we discovered that the 463G/A polymorphism
was significantly associated with a decreased CAD risk in Asians
under the AA versus GG model (OR=0.353, 95% CI=
0.16–0.78) and the recessive model (OR=0.372, 95% CI=
0.17–0.81). Interestingly, a conflicting association was found in
the A allele versus G allele model (OR=1.326, 95% CI=
1.05–1.67). In addition, no significant associations were detected
between MPO 463G/A and the risk of CAD in Caucasians in all
the genetic model (Table 3). In the subgroup analysis of subjects,
different subjects were categorized as coronary angiography-
confirmed CAD patients (CAC group) and myocardial infarction
patients (MI group), shown in Table 1. We discovered that the
463G/A polymorphism was significantly associated with a
decreased CAD risk in the CAC group under the dominant
model (OR=0.76, 95% CI=0.59–0.97; Fig. 2C), but no
associations were found in the MI group (Fig. 3).

3.2.2. Association between the MPO 129G/A polymorphism
and CAD risk. No comparison between alleles or other genotypes
were mentioned, so we only illustrated the relationship between
MPO129G/AAA+AG/GGand the riskofCAD.The heterogeneity
was not obvious (I2=31.5%, P= .232); thus, a fixed-effects model
was applied. Nevertheless, the MPO 129G/A genotype polymor-
phismdidnotpresent any statistical associationwith the riskofCAD
(AA+AG vs GG: OR: 0.906, 95% CI=0.74–1.10; Table 4).
3.3. Publication bias

Eggers’ tests were performed to assess the publication biases of
the included studies. The results suggest no evidence of



Figure 1. Flow diagram of study selection process.
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publication biases among the studies (P> .05) in any of the
genetic models (Tables 3 and 4).
3.4. Sensitivity analysis

Sensitivity analyses were conducted to evaluate the component of
study quality. First, we performed a sensitivity analysis based on
the sample sizes. The study with the largest sample[16] was
Table 1

Characteristics of the studies included in the meta-analysis.

Mean age

Reference Year Regions Gene SNPs Cases Controls Ca

Nikpoor et al[15] 2001 French MPO-463G/A 59.3 56.8 77
Chen et al[10] 2009 China MPO-463G/A 52.3 52.9 57
Zotova et al[16] 2009 Sweden MPO-463G/A 60.2 62.1 70
Katakami et al[17] 2010 Japan MPO-463G/A 62.2 59.5 64
Ergen et al[18] 2011 Turkish MPO-463G/A 58.2 53.4 76
Berg et al[19] 2009 Norway MPO-129G/A 60.0 57.0 81
Zotova et al[16] 2009 Sweden MPO-129G/A 60.2 62.1 70
Hu et al[20] 2011 China MPO-129G/A 64.0 58.0 59

CAC patients = coronary angiography-confirmed CAD patients, MI patients = myocardial infarction pat
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removed to reflect the influence of this study on the result. The
pooled ORs in all models were not significantly altered, which
indicated the reliability of our results (Fig. 4).

4. Discussion

CAD is a multifactorial disease which is influenced by genetic
polymorphisms and environmental factors, and genetic poly-
Male, % Sample size (n)

ses Controls Cases Controls Subjects of cases Quality score

.3 42.4 229 217 CAC patients 5

.2 54.3 229 230 CAC patients 5

.2 67.5 1097 1414 MI patients 6

.2 60.6 226 3593 MI patients 6

.0 46.0 100 100 CAC patients 6

.5 36.0 130 100 CAC patients 5

.2 67.5 1213 1561 MI patients 6

.2 34.6 267 78 CAC patients 5

ients, MPO = myeloperoxidase, SNP = single-nucleotide polymorphism.
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Table 2

Genotype frequencies in the studies included in the meta-analysis.

Genotype frequency (n)

Cases Controls

Reference Year Gene SNPs AA AG GG A G AA AG GG A G PHWE

Nikpoor et al[15] 2001 MPO-463G/A 3 75 151 81 377 19 78 120 116 318 .23
Chen et al[10] 2009 MPO-463G/A 8 69 152 85 373 21 74 135 116 344 .03
Zotova et al[16] 2009 MPO-463G/A 47 368 682 462 1732 72 488 854 632 2196 .83
Katakami et al[17] 2010 MPO-463G/A 1 37 188 39 413 37 645 2911 719 6467 .85
Ergen et al[18] 2011 MPO-463G/A 21 52 27 94 106 20 47 33 87 113 .66
Berg et al[19] 2009 MPO-129G/A 0 23 107 23 237 0 17 83 17 183 .35
Zotova et al[16] 2009 MPO-129G/A 6 156 976 168 2108 12 207 1258 231 2723 .28
Hu et al[20] 2011 MPO-129G/A 0 57 210 57 477 0 25 53 25 131 .09

HWE = Hardy–Weinberg equilibrium, MPO = myeloperoxidase, SNPs = single-nucleotide polymorphisms.
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morphisms have been linked to the susceptibility to this disease.
In recent years, genome-wide association studies have identified
SNPs are associated with some complex diseases.[21] MPO, a
member of the heme peroxidase super family of neutrophils and
monocytes, is strongly associated with CAD. Two SNPs in the
MPO gene, that is, 463G/A and 129G/A, have been demonstrat-
ed to the regulate MPO protein level and activity, but the
associations between MPO polymorphisms and CAD risk are
conflicting. Therefore, we performed a meta-analysis to combine
a substantial number of cases and controls for a better
understanding of the associations of the MPO 463G/A and
129G/A polymorphisms with the risk of CAD.
A growing body of evidence demonstrates that theMPOmight

play a crucial role in the pathogenesis of CAD. Oxidative stress
and inflammation play important roles in the pathogenesis of
CAD, and MPO is an important oxidant generating enzyme that
has been found to alter the incidence of CAD via its abilities to
oxidize low-density lipoproteins[22] and consume nitric oxide.[23]

MPO 463G/A and 129G/A have been reported to regulate the
MPO protein level and activity; thus, it is rational to hypothesize
that polymorphisms in this gene may be related to the CAD risk.
Piedrafita et al found that the A allele at the 129 locus of theMPO
gene can destroy the MPO gene’s specificity protein 1 (SP1)-
binding site. SP1 is a strong transcription factor; thus, the A allele
Table 3

Summary ORs and 95% CIs of the association of the MPO 463G/A p

Sample size Type of model Test

Subgroup Genetic model Cases Controls I2, %

Overall A vs G 1881 5554 Random 91.5
AA vs GG Random 70.3
AG vs GG Random 0.0
Dominant model

∗
Fixed 32.8

Recessive model† Random 65.9
Caucasian A vs G 1426 1731 Random 91.5

AA vs GG Random 80.1
AG vs GG Random 11.7
Dominant model Fixed 58.5
Recessive model Random 76.8

Asian A vs G 455 3823 Fixed 0.0
AA vs GG Fixed 0.0
AG vs GG Fixed 0.0
Dominant model Fixed 0.0
Recessive model Fixed 0.0

∗
Dominant model, AA+AG versus GG.

† Recessive model, AA versus AG+GG.
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is associated with lower MPO expression. Thus, we thought
that MPO polymorphisms might be involved in CAD via their
influences on the activities of SP1-binding site.
In our study, the incidences of gene polymorphisms varied

substantially between different racial populations. Therefore, we
performed an analysis stratified by ethnicity. Interestingly,
different associations of the MPO 463G/A and 129G/A
polymorphisms were found. Regarding the 463G/A polymor-
phism, the GG genotype was associated with an increased CAD
risk in Asians but was not associated with CAD in Caucasians.
Regarding the 129G/A polymorphism, associations between the
GG genotype and the risk of CADwere not found in either Asians
or Caucasians. The reasons underlying these results are unclear,
but some factors may account for these results. First, different
genetic backgrounds and environmental factors may account for
the differences between ethnic groups. Second, the sample size is
still relatively small and may not provide sufficient power to
estimate the association between MPO gene polymorphism and
CAD risk, especially the MPO 129A/G. In addition, this meta-
analysis was based on only published studies in English,
publication bias, selection bias, and different matching criteria
between studies may play roles.
Different CAD subtypes are associated with different patho-

physiological mechanisms. So we conducted stratified analysis by
olymorphism with CAD risk.

of heterogeneity Test of association Test of publication bias

P OR 95% CI z P

.000 1.321 0.96–1.81 0.00 1.000

.009 0.516 0.25–1.06 0.73 .462

.627 0.916 0.80–1.04 0.00 1.000

.203 0.872 0.77–0.99 0.24 .806

.019 0.535 0.28–1.01 1.22 .221

.000 1.323 0.76–2.30 0.00 1.000

.007 0.590 0.22–1.58 0.00 1.000

.322 0.934 0.80–1.09 0.00 1.000

.090 0.898 0.78–1.04 0.00 1.000

.013 0.600 0.26–1.39 0.00 1.000

.332 1.326 1.05–1.67 0.00 1.000

.846 0.353 0.16–0.78 0.00 1.000

.800 0.861 0.66–1.13 0.00 1.000

.50 0.79 0.61–1.03 0.00 1.000

.88 0.372 0.17–0.81 0.00 1.000



Figure 2. Forest plot of the association of the myeloperoxidase 463G/A polymorphism with coronary artery disease (CAD) risk stratified by subjects in the CAC
group. (A) AA versus GG; (B) AG versus GG; (C) dominant model, AA+AG versus GG; (D) recessive model, AA versus AG+GG. CAC group = group of coronary
angiography-confirmed CAD patients.

Figure 3. Forest plot of the association of the myeloperoxidase 463G/A polymorphism with the coronary artery disease risk stratified by subjects in the myocardial
infarction group. (A) AA versus GG; (B) AG versus GG; (C) dominant model, AA+AG versus GG; (D) recessive model, AA versus AG+GG. MI group = group of
myocardial infarction patients.

Wang et al. Medicine (2017) 96:27 www.md-journal.com
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Table 4

Summary ORs and 95% CIs of the association of the MPO 129G/A polymorphism with CAD risk.

Test of heterogeneity Test of association Test of publication bias

Genetic model Type of model I2, % P OR 95% CI z P

A vs G Fixed 13.8 .313 0.902 0.75–1.08 0.00 1.000
AA+AG vs GG Fixed 31.5 .232 0.906 0.74–1.10 0.00 1.000

Wang et al. Medicine (2017) 96:27 Medicine
subjects. In the CAC group, studies designed by Chen et al and
Ergen et al,[18] coronary angiography revealed 50% stenosis in at
least 1 major coronary vessel, and the research of Nikpoor
et al[15] took the presence of one or more coronary artery stenoses
obstructing the lumen diameter by 30% or more to define an
individual as a case. Other researchers have focused on MI
patients. The heterogeneity was decreased after the subgroup
analysis, although there was no significant association between
the MPO 463A/G gene polymorphism and CAD risk. Regretta-
bly, we did not have adequate data or the relevant studies to
explain this nonconformity, but it confirmed our speculation that
the subjects could have substantially influenced the initial
heterogeneity.
Furthermore, several potential limitations of the present

meta-analysis should be considered. First, this meta-analysis
was based only on papers published in English. Although an
Egger test did not find evidence for a publication bias in the
present study, publication bias may have occurred. Second, our
results are based on unadjusted estimates, whereas more precise
analyses could have been conducted if all of the individual raw
Figure 4. (A) Sensitivity analysis of the association of the coronary artery
disease (CAD) risk with the myeloperoxidase (MPO) 463G/A polymorphism
under the dominant model. (B) Forest plot of the association of the MPO 463G/
A polymorphismwith the CAD risk stratified under the dominant model after the
study with the largest sample was removed.
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data were available and would allow for adjustments for other
covariants, including cigarette consumption, alcohol drinking,
family history, and lifestyle. Third, CAD is a multifactorial
disease, which interactions betweenmany factors including age,
sex, and so on. So a single gene factor cannot impact CAD
susceptibility alone, but data for young adults were limited, and
data were not available to perform subgroup analyses based on
non-Caucasian ethnicity or female sex. Fourth, our populations
included only Asians and Caucasians, and other ethnic
populations, such as Africans, should be involved in future
studies. Moreover, the sample size was still relatively small. In
particular, there were only 2 studies with Asian populations,
and the exploration of moderator variables was limited by the
low number of studies. The number of studies and participants
included in this meta-analysis for MPO 129G/A study is small
and may not have provided sufficient power to estimate the
associations between the MPO 129G/A gene polymorphisms
and CAD risk.
Despite these limitations, the meta-analysis still has some

merits, and the MPO 436A variant genotype may be a risk factor
in the etiology of CAD, especially in Asians. Studies involving
larger sample sizes should be conducted to further understand the
relationship of the MPO 129G/A gene polymorphism with CAD
risk. Additional well-designed studies, including Caucasians as
well as other ethnic populations, are needed to further elucidate
the association of the MPO 463G/A polymorphism with CAD
risk.
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