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Abstract: Background: Previous studies suggested that some types of single nucleotide polymorphisms (SNPs) in
PLA2G7 genes, encoding Lp-PLA2 have been reported to yield an antiatherogenic effect, but other studies mentioned otherwise. Thus, a comprehensive study to explore the effect of SNPs in PLA2G7 genes (V279F, A379V, R92H,
I198T) toward clinical atherosclerosis is needed. Methods: We searched eligible studies from PubMed, EBSCO, ProQuest, Science Direct, Springer, and Cochrane databases for case-control studies to assess the between four types
of SNPs in PLA2G7 gene with risk of clinical atherosclerosis (CVD = cardiovascular disease, CAD = coronary artery
disease, PAD = peripheral artery disease, ischemic stroke). All studies were assessed under Hardy-Weinberg Equilibrium, an additive model. This meta-analysis was performed by RevMan 5.3 to provide pooled estimate for odds
ratio (ORs) with 95% confidence intervals (95% CIs). Results: Fourteen clinical studies met our inclusion criteria.
Those included 12,432 patients with clinical atherosclerosis and 10,171 were controls. We found that ORs of two
variants SNPs (V279F, R92H) were associated with clinical atherosclerosis {V279F, OR = 0.88 (95% CI, 0.81-0.95);
p = 0.0007, I2 = 40%}, {R92H, OR = 1.29 (95% CI, 1.09-1.53); p = 0.003, I2 = 73%}. Meanwhile, there was no significant associations between the other two, A379V {OR = 1.08 (95% CI, 0.93-1.26); p = 0.31, I2 = 78%} and I198T {OR
= 1.12 (95% CI = 0.79-1.59); p = 0.53, I2 = 81%}. Conclusions: These results suggested that V279F polymorphism
in PLA2G7 gene has a protective effect for clinical atherosclerosis, whereas R92H polymorphism might contribute
toward increased risk of clinical atherosclerosis.
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Introduction
Oxidative stress and inflammation contribute
to atherosclerosis. Lipoprotein-associated phospholipase A2 (Lp-PLA2) and other human
phospholipases A2 (such as secretory phospholipase A2) [1, 2] propagate inflammation by
producing precursors of arachidonic acid from
membrane glycerophospholipids [3]. Lp-PLA2
(also known as platelet-activating factor acetylhydrolase or PAF-AH) hydrolyzes oxidized
phospholipids to produce pro-inflammatory products that are implicated in endothelial dysfunction, plaque inflammation, and formation

of a necrotic core in atherosclerotic plaque.
Therefore, circulating Lp-PLA2 has been studied rigorously as a marker of cardiovascular
disease (CVD) risk because the enzyme exhibits
pro-inflammatory and oxidative stress properties [2]. Clinical and epidemiological studies
demonstrate an association with an incident
and recurrent coronary artery disease events
[4,5]. Beside the traditional CVD risk factors,
higher plasma Lp-PLA2 is associated with
adverse long-term CVD outcomes [6, 7].
Heritability studies revealed that approximately 62% of the variation in Lp-PLA2 activity was
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deemed to genetic factors [8]. Consequently,
the endeavor of proving the association between single nucleotide polymorphisms (SNP)
on PLA2G7 function and CVD outcome had been conducted by recent studies. In Caucasian
population, some studies had revealed that
non-synonymous coding polymorphism (A379V) associated with plasma Lp-PLA2 levels [9,
11]. However, the association between the
A379V polymorphism and the enzymatic levels
and atherosclerotic outcome had been diverse
among studies, with some studies showing
V379 allele to be associated with increased
enzyme levels [9, 11], whereas others exhibiting lower levels [10]. There was a significant
association between the A379V polymorphism
and premature myocardial infarction, but V379
allele was paradoxically associated with decreased risk of myocardial infarction [10].
Additionally, another allele such as R92H in
exon 4 that is associated with coronary artery
disease in the USA [12]. Similar to both A379V
and R92H, missense mutation of V279F in exon 9 of PAF-AH gene leads to a complete loss
of catalytic activity and might be a risk factor
for stroke in Japanese [13]. This loss-of-function mutation has been reported to be associated with an increased CAD risk [14, 15], supporting the anti-atherogenic role of PAF-AH. On
the other hand, the other studies in European
population have proven otherwise [6]. Furthermore, in Korean men, there was a lack of function in Lp-PLA2 activity due to a variant of
PLA2G7 279 allele, thus protecting from CAD
[16]. Similar to three alleles mentioned above,
amino acid alterations caused by a mutation in
Ile198Thr may lead to lower PAF-AH expression. Nevertheless, all these findings are still
considered to be inconclusive [17].
Thus, it is still unknown whether Lp-PLA2 levels result in a pro- or anti-atherogenic effects
in human. Therefore, studies on the association of Lp-PLA2 genetic variations may reveal a
support for a causal role of Lp-PLA2 in clinical
atherosclerosis. Unfortunately, several studies
have shown polymorphisms in this gene, but
none to our knowledge has really proven the
causal relationship with atherosclerosis.
Therefore, it is justified to investigate the associations of SNPs in PLA2G7 genes (V279F,
A379V, R92H, I198T) with clinical atherosclerosis by conducting a meta-analysis. It is needed
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to estimate the strength of the associations
(eg, effect size, heterogeneity, publication bias
and cumulative evidence).
Methods
Literature search
We carried out a comprehensive electronic
search to identify all published prospective
cohort, and case-control studies that investigate the relationship between four types gene
polymorphisms (V279F, A379V, R92H, I198T)
in Lp-PLA2 gene and risk of clinical atherosclerosis. This study population is clinical atherosclerosis, namely: coronary artery disease
(CAD), cerebrovascular disease (CVD), ischemic stroke, TIA and peripheral arterial disease
(PAD) presumed to be of atherosclerotic origin.
PubMed, Science Direct, ProQuest, EBSCO, Springer, and Cochrane databases were searched
from March 2016 through October 2016, by
using the following search terms: “Lipoproteinassociated phospholipase A2” (“Lp-PLA2” or
“platelet-activating factor acetylhydrolase” or
“PAF-AH”) and “gene polymorphisms” (“gene
variants” or “SNP” or “single nucleotide polymorphisms”) and “atherosclerosis” (“CHD” or
“CAD” or “coronary heart disease” or “coronary
artery disease” or “acute coronary syndromes”
or “ischemic-stroke” or “cerebrovascular disease” or CVD or “peripheral artery disease”). A
manual search was also carried out to retrieve
potential articles cited in the previous metaanalysis, systematic review, and those considered to be pertinent by the reviewers.
Inclusion criteria
All studies were considered potentially eligible
if they aimed to investigate the relationship
between four types gene polymorphisms in
PLA2G7 gene and risk of clinical atherosclerosis. We had included a total of 14 studies
that met the following specified criteria: (1)
each clinical atherosclerosis terms (defined
based on the American College of Cardiology/
American Heart Association) [18] considered
as studied population; (2) prospective cohort,
and case-control studies as appropriate study
design; (3) risk of clinical atherosclerosis reported as RR (relative risk) and/or OR (odds
ratio) with the 95% confidence interval; (4) each genotype and allele frequency (V279F,
A379V, I198T, R92H) reported as independent
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variables; (5) includes human subjects; (6) published in English since 2001 and beyond.
Exclusion criteria
The excluded literatures were as follows: (1)
cross-sectional study, case report or series,
editorial and narrative review; (2) duplicate
publication; (3) flawed study design, namely:
having indefinite population recruited and
unqualified data; (4) non-English articles; (5)
studies assessing surrogate outcome; (6) published prior to 2000. We excluded those study
designs because both selected case-control
and prospective cohort were much better on
defining causal association between PLA2G7
gene polymorphisms and risk of clinical atherosclerosis.
Study selection
Four investigators (R.M., F.A., I.M., and A.D.P.)
independently conducted the literature search
and retrieved the titles, abstracts, and full texts of articles that matched with our searched
terms. The remaining investigators (A.S and
T.H) read full selected articles that met the
requirements and provided final suggestions.
These articles were fully read, and those that
fulfilled our criteria were included. Final inclusion of studies was merely based on the agreements of all investigators; the disagreement
was resolved by consensus.
Data extraction
Data were extracted by using a standardized
reporting form. The eligible articles included
the first author’s name, country of origin, year
of publication, study design, gender composition, mean age or age range, major CVD end
point, selection of controls (population-based
or hospital-based), allele frequencies of PLA2G7 gene, genotype distribution in case patients and controls, confounding factors by
matching, and study size, ethnicity, genotyping
method.
Quality assessment
The quality of the studies had been evaluated
using the guidelines for reporting observational studies, developed by the STROBE initiative
and STREGA [19, 20]. The STROBE initiative
developed recommendations on what should
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be included in an accurate and complete report of an observational study. The scope of
this recommendation is to cover three main
study designs: cohort, case-control and crosssectional studies. The STREGA recommendations further seek to enhance the transparency
of genetic study’s reporting, so it would assure
the quality of the genetic study [20].
Statistical analysis
Hardy-Weinberg Equilibrium (HWE) in the control group was examined by Chi Square test.
Review Manager 5.0 software (The Cochrane
Collaboration, Oxford, UK) and Comprehensive
Meta-Analysis (version 3.3.070, 2014) software was used for meta-analysis. The contrast
frequencies of genotype F-allele versus V-allele;
V-allele versus A-allele; H-allele versus R-allele
and T-allele versus I-allele (additive model) of
the Lp-PLA2 (V279F, A379V, R92H, I198T) polymorphisms were evaluated.
Heterogeneity was assessed with the Q-statistic test and I2 test. The I2 statistic measured
the percentage of total variation across the
studies due to clinical or methodological heterogeneity rather than chance. The pool estimated ORs was measured with models based
on fixed effects or random effects assumptions. If the significant Q statistic (P < 0.05)
indicated heterogeneity across the studies, a
random effects model was used for meta-analysis. Otherwise, a fixed effect model should be
chosen. The 95% confidence interval (CI) of
pool estimated OR was also calculated.
Publication bias
Inverted funnel plots of the four SNPs of PLA2G7 gene and Egger’s test [21] were performed to look for evidence of publication bias.
The inverted funnel plot should be asymmetric
and Egger’s test result was significant (P <
0.05) once there is a publication bias and otherwise in the case of no publication bias.
Results
Study characteristics
Initially, 151,269 studies abstract was primarily identified from the database. Potential relevant articles (n = 495) were initially selected,
moreover four hundred thirty-three of them had
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Figure 1. Flow Chart of study selection for
the meta-analysis.

been excluded since they were considered as
review articles (n = 138); commentaries and
editorials (n = 62); case report (n = 37); metaanalysis (n = 9); and article unrelated with polymorphisms (n = 187). Eventually, a total of 62
potentially articles were screened and met the
STROBE and STREGA recommendations. Nonetheless, after thoroughly scrutinizing them,
42 studies should be excluded from the analysis due to studying other polymorphisms in
the genes. Furthermore, 6 studies were also
excluded due to duplicate and overlapping publications. Finally, simply 14 studies [9, 10, 16,
22-32] were included in this meta-analysis
and all together recruited 22,603 individuals
(Figure 1), and they consisted of 12,432 cases
and 10,171 controls.
We had examined four PLA2G7 gene polymorphisms, namely V279F, A379V, R92H, and
I198T because other SNPs were less reported
in the previous studies. The majority of the clinical atherosclerosis was represented by coronary heart disease, except 3 studies recruited subjects with peripheral arterial occlusive
disease [25] and ischemic stroke [29, 31] and
mainly the study design was employing case125

control study, only one study was nested-case
control design [9]. The recruited samples consisted of males in 4 studies [16, 22, 23, 29]
and the remaining consisted of both gender in
10 studies [9, 10, 24-28, 30-32]. Most studies
matched controls to cases by age, gender and
ethnicity, in order to avoid selection bias. All
ethnicity largely consisted of Oriental and
Asian subjects, except 3 studies [9, 22, 26]
comprised Caucasian subjects and 1 study
assessed Turkish population [24]. So, Caucasian subjects were only represented by a
small proportion (5.25%) in the present metaanalysis. The controls from eight studies were
hospital-based patient, whilst those from the
rest of the studies were healthy subjects. The
characteristics of our final studies were summarized in Tables 1 and 2.
Association of V279F polymorphism with clinical atherosclerosis
Eleven eligible studies with 8,050 cases and
8,427 controls were examined for the association of V279F variants and clinical atherosclerosis. Majority studies had Asian descent,
except 1 study had Turkish subjects. There was
Am J Cardiovasc Dis 2017;7(6):122-133
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Table 1. Characteristics of published studies included in the meta-analysis
Study
Abuzeid AM

Sample size

Study design,
Publication year

Case (N = Control (N
12,432) = 10,171)

Ethnicity

Matching Genotyping
Variable
method

End point assessment

Case control (2003)

527

566

Caucasian

Age

PCR

Ninio E

Nested-case control (2004)

1314

485

Caucasian

None

PCR-SSCP

CHD, Post MI
CAD

Jang Y

Case control (2006)

532

670

Korean

None

SnaPShot

CVD

Sekuri C

Case control (2006)

115

128

Turkish

None

PCR-RFLP

Premature CVD

Liu PY

Case control (2006)

200

200

China

Sex, Age

AFLP-PCR

Premature MI

Unno N

Case control (2006)

150

158

Japan

Sex, Age

AS-PCR

PAOD Patients

Huo L

Case control (2009)

827

947

China

None

PCR-RFLP

CHD

Hoffmann MM

Case control (2009)

2541

693

Caucasian

None

PCR–RFLP

CAD Patients
CAD

Jang Y

Case control (2011)

3767

4358

Korean

None

AS-PCR

Li L

Case control (2011)

806

482

China

Age

PCR

CAD

Zheng GH

Case control (2014)

570

317

China

None

SNaPshot

CHD & Blood Stasis Syndrome

Liu X

Case control (2014)

386

386

China

Sex, Age

PCR-LDR

Ischemic Stroke

Ma Y

Case control (2015)

375

370

China

None

AFLP-PCR

Ischemic Stroke

Hong M

Case control (2015)

322

411

Asian

None

PCR-RFLP

CHD

AS-PCR the allele speciﬁc polymerase chain reaction; AFLP-PCR amplified fragment length polymorphism- polymerase chain reaction; PCR-SSCP polymerase chain
reaction-single-strand conformation polymorphism; PCR-RFLP polymerase chain reaction-restriction fragment length polymorphism; PCR-LDR polymerase chain reactionligation detection reaction method; CHD coronary heart disease; MI myocardial infarction; CAD coronary artery disease; CVD cardiovascular disease; PAOD peripheral
artery occlusive disease; CHD coronary heart disease.

Table 2. The ORs and 95% CI in PLA2 gene polymorphism and risk of clinical atherosclerosis under
additive genetic model
Allele contrast in additive
model
V279F
F allele vs V allele
A379V
V allele vs A allele
R92H
H allele vs R allele
I198T
T allele vs I allele
Egger’s test for all SNPs

OR (95% CI)

P value
for Z test

I2 for
heterogeneity (%)

P value for
heterogeneity

P value for
Egger’s test

0.88 (0.81, 0.95)

0.0007*

40

0.08

0.741

1.08 (0.93, 1.26)

0.31

78

< 0.0001*

0.038*

1.29 (1.09, 1.53)

0.003*

73

0.002*

0.007*

1.12 (0.79, 1.59)

0.53

81

0.001*

0.431
0.094

*P < 0.05.

a significantly inverse association of V279F
polymorphism with clinical atherosclerosis with
pool estimated OR of 0.88 (95% CI: 0.81-0.95;
P = 0.0007), and with a statistically insignificant heterogeneity across the studies (I2 =
40%; P = 0.08) (Figure 3 and Table 2). Among
controls, the prevalence of F-allele was obtained in 10.39% in Asian but none in Turkish.
Interestingly, Turkish population was particularly younger (46.2 ± 6.1 years old) than the
other Asian/Oriental subjects. Genotype frequency among control group had not deviated
from Hardy-Weinberg Equilibrium (P = 0.08)
and all populations were in Hardy-Weinberg
Equilibrium except three studies [24, 28, 30]
126

(Table 2). When we did a sub-group analysis of
Asian/Oriental population there was still consistently an inverse association of V279F polymorphism with clinical atherosclerosis with
pool OR of 0.88 (95% CI: 0.81-0.94; P =
0.0005) (Figure 2).
Association of A379V polymorphism with clinical atherosclerosis
Nine studies with 7,703 cases and 4,746 controls were recruited in the A379V-clinical atherosclerosis analysis. Only 3 studies examined
Caucasian descent, and the remaining studies
recruited Asian. Thus, the Caucasian subjects
comprised 50.24% of the population in this
Am J Cardiovasc Dis 2017;7(6):122-133
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Figure 2. (A) V279F polymorphism of PLA2G7 gene in Asian population (Chinese, Japanese, and Koreans). (B)
A379V polymorphism of PLA2G7 gene in Asian population (Chinese, Japanese, and Koreans). (C) R92H polymorphism of PLA2G7 gene in Asian population (Chinese, Japanese, and Koreans). (D) I198T polymorphism of PLA2G7
gene in Asian population (Chinese, Japanese, and Koreans). Forest plot of association between single nucleotide
polymorphisms of PLA2G7 gene in Asian population, (A) V279F, (B) A379V, (C) R92H, (D) I198T and clinical atherosclerosis (additive model). The p values for the association between V279F, A379V, R92H, I198T and clinical
atherosclerosis in Asian population were 0.0005, 0.05, 0.006, and 0.010, respectively.
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Figure 3. (A) V279F polymorphism of PLA2G7 gene in Asian and Caucasian population. (B) A379V polymorphism of
PLA2G7 gene in Asian and Caucasian population. (C) R92H polymorphism of PLA2G7 gene in Asian and Caucasian
population. (D) I198T polymorphism of PLA2G7 gene in Asian and Caucasian population. Forest plot of association
for single nucleotide polymorphisms of PLA2G7 gene in Asian and Caucasian population, (A) V279F, (B) A379V,
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(C) R92H, (D) I198T and clinical atherosclerosis (additive model). The p values for the association between V279F,
A379V, R92H, I198T and clinical atherosclerosis in all population were 0.0007, 0.31, 0.003, and 0.53, respectively.

sub-analysis. The prevalence of V-allele among
genotyped controls was 18.15%. We found no
significant association between V-allele compared with A-allele (OR = 1.08; 95% CI = 0.931.26; P = 0.31) with clinical atherosclerosis
(Figure 3), and with a statistically significant
heterogeneity across the studies (I2 = 78%; P <
0.0001). Observed genotype frequency among
control group was significantly different from
the expected frequency by HWE (P < 0.0001)
(Table 2). On sub-group analysis applied only in
Asian/Oriental population, it consistently presented no significant association between Vallele to A-allele (OR = 1.22; 95% CI = 1.001.48) to atherosclerosis (Figure 2).
Association of R92H polymorphism with clinical atherosclerosis
There were only 6 studies with 5,949 cases
and 3,223 controls available. Only 2 studies
had recruited Caucasian subjects, consisted of
56.6% of the all subjects. There was a significantly positive association of R92H polymorphism with clinical atherosclerosis (OR = 1.29;
95% CI: 1.09-1.53; P = 0.003) (Figure 3); however, we found that the 92 H allele was weakly
associated with increased risk of clinical atherosclerosis. A significant heterogeneity across
the studies was noted with I2 = 73%; P = 0.002
(Table 2). Among controls, the observed frequency of the H-allele was more prevalent in
Caucasian (9.3%) compared with Asian (8.7%).
There was a more reliable significant association between H-allele toward clinical atherosclerosis with OR of 1.42 (95% CI; 1.11-1.82; P
= 0.006) in sub-group analysis carried out in
Asian/Oriental population (Figure 2).
Association of I198T polymorphism with clinical atherosclerosis
Only 4 studies with 4,260 cases and 2,368
controls were available. Although the Caucasian subjects were only assembled in 1 study,
but their proportion reached 50.7% compared
to Asian. However, we obtained no significant
association between T-allele compared with
I-allele (OR = 1.12; 95% CI = 0.79-1.59; P =
0.53) to atherosclerosis (Figure 3). And a significant heterogeneity across the studies was
noted as well, with I2 = 81%; P = 0.001 (Table
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2). When the sub-group analysis was done in
Asian/Oriental population, interestingly there
was a weak positive association between Tallele and clinical atherosclerosis (OR = 1.26;
95% CI = 1.06-1.51; P = 0.01) (Figure 2).
In term of publication bias estimating, we did
not observe any visual asymmetry, and according to Egger’s test results was insignificant (P =
0.741 and P = 0.43 successively) particularly
in V279 polymorphism and I198T polymorphism groups. But in the remaining groups,
there were still evidences of publication bias
(Table 2). Overall for the whole SNP’s we did
not find any publication bias (P = 0.094 in
Egger’s test).
Discussion
In the absence of very large individual studies
and limited ethnicity involved, however we had
carried out this updated meta-analysis for clarifying the associations between PLA2G7 polymorphism and clinical atherosclerosis. Diagnostic criteria of clinical atherosclerosis are
based on 2013 ACC/AHA Guideline on the
Treatment of Blood Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults
[18]. Clinical atherosclerosis or clinical ASCVD
(atherosclerotic cardiovascular disease) is defined by using the inclusion criteria for the secondary prevention statin RCTs (acute coronary
syndromes, or a history of myocardial infarction, stable or unstable angina, coronary or
other arterial revascularization, stroke, TIA, or
peripheral arterial disease presumed to be of
atherosclerotic origin). This guideline highly recommended the clinical treatment of blood
cholesterol levels to reduce ASCVD risk using
the highest levels of evidence, namely: randomized controlled trials (RCTs) and systematic
reviews and meta-analysis of RCTs. Accordingly
the definition of clinical outcomes and recommendations are very robust [18].
The largest sample size available in this individual study was only 8,125 subjects. And the
only available ethnicity recruited within the
present study was as the following: Asian/Oriental, Caucasian and Turkish population. The
studies about PLA2G7 polymorphism had been
emerging since year 2000. To date, only very
Am J Cardiovasc Dis 2017;7(6):122-133
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few studies have investigated the relationship
between PLA2G7 polymorphism and clinical
atherosclerosis. Thus, we chose a wider time
frame than the previous meta-analysis, with a
range of 16 years, in order to have more eligible studies included in the present study.
In this study, R92H polymorphism yielded a significant positive association with clinical atherosclerosis, and with a strong evidence of heterogeneity across the available studies. Interestingly, the positive association of R92H polymorphism occurred only in the Chinese population, not in the Caucasian. This association
had been translated into increased levels of
plasma Lp-PLA2 (gain of function). Likewise,
R92H variants in PCOS (polycystic ovary syndrome) subjects in China were related to increased plasma Lp-PLA2 and changes in plasma lipoprotein levels, insulin resistance, aging
and weight gain, possibly increased the future
risk of CVD [33]. Accordingly, the activity and
mass of plasma Lp-PLA2 were heritable traits.
For Lp-PLA2 mass, there were 12 SNPs achieved genome-wide significance. All was clustering in a region on chromosome 6p12.3 closed to PLA2G7 gene [34]. Additionally, Lp-PLA2
activity and mass presented the continuous
association with risk of coronary heart disease,
in parallel with the magnitude to that with plasma non-HDL cholesterol and systolic blood
pressure. Anyway, an association of Lp-PLA2
mass and activity was not exclusive to vascular
outcomes, this association depends partly on
lipids role [35]. It is corroborating the joint
effects of both predictors.
Similarly, there was a significant negative association between V279F polymorphism with
clinical atherosclerosis, without any heterogeneity across the studies. A rare non-synonymous polymorphism (V279F) was only encountered in Japanese, Turk, Kyrgyz and Azerbaijan
population [36, 37]. These were associated
with a decreased enzymatic level of Lp-PLA2
in heterozygous and complete loss of enzymatic levels in homozygous subjects [37, 38].
Loss-of-function mutations in the PLA2G7 gene, which are common in this East Asian population, consequently this effectively eliminates
Lp-PLA2 activity [37]. Consequently, lifelong
lower Lp-PLA2 activity in this population had
been proven not associated with major risk of
clinical atherosclerosis [38]. This considerable evidence had emphasized that V279F po130

lymorphism in Asian subjects acting as a protective factor for clinical atherosclerosis.
Since known Lp-PLA2 genotype that is also
fairly common in European subjects have quite
weak effects on Lp-PLA2 activity; their study
really would need very large number of patients
recruited to prove the association [26]. These
above associations were undoubtedly considered to be robust, because when we did the
sensitivity analysis, by analyzing only Asian/
Oriental population and then the results were
still consistent. Let alone, the OR of the Asian/
Oriental subjects increased comparing to the
whole group (ORs = 1.29 → ORs = 1.42).
On the other hand, in Indonesian V279F genetic variants associated with acute myocardial infarction (MI) risk, shown by the GG genotype of 2.9 times greater risk of acute MI compared to GT/TT genotype (279Phe) [40]. Given
the small sample size, this study could not be
representing the population. This could be inferred that R92H polymorphism is considered
as an emerging risk predictor for clinical atherosclerosis, and V279F variants as a protective
factor.
Respectively, the previous meta-analysis [41]
revealed that the same result for the R92H variant with CHD, they indicated R92H allele
had probably increased the risk of CHD, while
the hypothesized effects of A379V and V279F
polymorphisms on CHD could not be confirmed
in that previous study. Our study suggested
that there was no association between A379V
and I198T polymorphisms with clinical atherosclerosis as well. Otherwise, there was an inverse significant association between V279F
variants with clinical atherosclerosis and regarded as a protective factor in our study with
OR of 0.88 (95% CI: 0.81-0.95). The more subjects employed in our meta-analysis compared to the previous one likely explain the significant association of V279F with clinical
atherosclerosis.
Thus this present study was affirming the dual effect of Lp-PLA2 levels on atherosclerosis
compared to the previous studies. Though we
believe that the results of this meta-analysis
supposed to be robust, but we could not comprehensively measure the combined effects
of genetics and CVD risk factors. There were still evidences of significant heterogeneity
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among the studies, additionally publication bias might slightly disturb this meta-analysis.
Nevertheless, our study had a greater external validity than the previous meta-analysis
because of larger sample size and wider time
frame, and the internal validity was appropriately achieved basically after accomplishing
the sensitivity analysis.
The limitations of this study were as the following; first, this meta-analysis only included a limited number of the eligible studies, particularly
available ethnicity. Second, we were not able to
get the raw data from each individual study;
consequently, there is no meta-regression analysis done.
In conclusion, this study revealed that R92H
polymorphism in PLA2G7 gene associated with
increased risk of clinical atherosclerosis and
also suggested that V279F polymorphism has
a protective risk of clinical atherosclerosis.
Acknowledgements
This is investigators-initiative and self-funded
study.
Disclosure of conflict of interest
None.
Address correspondence to: Dr. Anwar Santoso,
Department of Cardiology and Vascular Medicine,
Faculty of Medicine, Universitas Indonesia, Harapan
Kita Hospital, National Cardiovascular Centre,
Letjen S. Parman Road, Slipi, Jakarta, 11420, Indonesia. Tel: +62811-388-069; E-mail: anwarsantoso@inaheart.org

References
[1]

[2]

[3]

131

Rosenson RS, Hislop C, McConnell D, Elliot M,
Stasiv Y, Wang N and Waters DD; PLASMA Investigators. Effects of 1-H-indole-3-glyoxamide
(A-002) on concentration of secretory phospholipase A2 (PLASMA study): a phase II double- blind, randomised, placebo-controlled trial. Lancet 2009; 373: 649-58.
Santoso A, Kaniawati M, Bakri S, and Yusuf I.
Secretory phospholipase A2 is associated with
the odds of acute coronary syndromes through
elevation of serum amyloid-A protein. Int J Angiol 2013; 22: 49-54.
Corson MA. Phospholipase A2 inhibitors in atherosclerosis: the race is on. Lancet 2009; 373:
608-10.

[4]

Koenig W, Twardella D, Brenner H, and Rothenbacher D. Lipoprotein-associated phospholipase A2 predicts future cardiovascular events
in patients with coronary heart disease independently of traditional risk factors, markers of
inflammation, renal function, and hemodynamic stress. Arterioscler Thromb Vasc Biol
2006; 26: 1586-93.
[5] Ballantyne CM, Hoogeveen RC, Bang H, Coresh
J, Folsom AR, Heiss G and Sharrett AR. Lipoprotein-associated phospholipase A2, high-sensitivity C-reactive protein, and risk for incident
coronary heart disease in middle-aged men
and women in the atherosclerosis risk in communities (ARIC) study. Circulation 2004; 109:
837-42.
[6] Blake GJ, Dada N, Fox JC, Manson JE and Ridker PM. A prospective evaluation of lipoproteinassociated phospholipase-A2 levels and the
risk of future cardiovascular events in women.
J Am Coll Cardiol 2001; 38: 1302-6.
[7] Daniels LB, Laughlin GA, Sarno MJ, Bettencourt R, Wolfert RL and Barrett-Connor E. Lipoprotein-associated phospholipase-A2 is an independent predictor of incident coronary heart
disease in an apparently healthy older population: the rancho bernardo study. J Am Coll Cardiol 2008; 51: 913-9.
[8] Guerra R, Zhao BR, Mooser V, Stafforini D,
Johnston JM and Cohen JC. Determinants of
plasma-activating factor acetyl hydrolase: heritability and relationship to plasma lipoproteins.
J Lip Res 1997; 38: 2281-88.
[9] Ninio E, Tregouet D, Carrier JL, Stengel D, Bickel C, Perret C, Rupprecht HJ, Cambien F, Blankenberg S and Tiret L. Platelet-activating factor-acetylhydrolase and PAF-receptor gene
haplotypes in relation to future cardiovascular
event in patients with coronary artery disease.
Hum Mol Genet 2004; 13: 1341-1351.
[10] Liu PY, Li YH, Wu HL, Chao TH, Tsai LM, Tsai
LM, Lin LJ, Shi GY and Chen JH. Platelet-activating factor-acetyl hydrolase A379V (exon 11)
gene polymorphism is an independent and
functional risk factor for premature myocardial
infarction. J Thromb Haemost 2006; 4: 10238.
[11] Wootton PT, Stephens JW, Hurel SJ, Durand H,
Cooper J, Ninio E, Humphries SE and Talmud
PJ. Lp-PLA2 activity and PLA2G7 A379V genotype in patients with diabetes mellitus. Atherosclerosis 2006; 189: 149-56.
[12] Sutton BS, Crosslin DR, Shah SH, Nelson SC,
Bassil A, Hale AB, Haynes C, Goldschmidt PJ,
Vance JM, Seo D, Kraus WE, Gregory SG and
Hauser ER. Comprehensive genetic analysis of
the platelet activating factor acetyl hydrolase
(PLA2G7) gene and cardiovascular disease in
case-control and family datasets. Hum Mol
Genet 2008; 17: 1318-28.

Am J Cardiovasc Dis 2017;7(6):122-133

PLA2G7 gene polymorphisms and clinical atherosclerosis
[13] Hiramoto M, Yoshida H, Imaizumi T, Yoshimizu
N and Satoh K. A mutation in plasma plateletactivating factor acetylhydrolase (Val279 Phe)
is a genetic risk factor for stroke. Stroke 1997;
28: 2417-20.
[14] Packard CJ, O’Reilly DS, Caslake MJ, McMahon
AD, Ford I, Cooney J, Macphee CH, Suckling
KE, Krishna M, Wilkinson FE, Rumley A and
Lowe GD. Lipoprotein-associated phospholipase-A2 as an independent predictor of coronary heart disease. West of scotland coronary
prevention study group. N Engl J Med 2000;
343: 1148-1155.
[15] Caslake MJ, Packard CJ, Suckling KE, Holmes
SD, Chamberlain P and Macphee CH. Lipoprotein-associated phospholipase-A2, platelet-activating factor acetylhydrolase: a potential new
risk factor for coronary artery disease. Atherosclerosis 2000; 150: 413-19.
[16] Jang Y, Waterworth D, Lee JE, Song K, Kim S,
Kim HS, Park KW, Cho HJ, Oh IY, Park JE, Lee
BS, Ku HJ, Shin DJ, Lee JH, Jee SH, Han BG,
Jang HY, Cho EY, Vallance P, Whittaker J, Cardon L and Mooser V. Carriage of the V279F null
allele within the gene encoding LpPLA2 is protective from coronary artery disease in South
Korean males. PLoS One 2011; 6: e18208.
[17] Grallert H, Dupuis J, Bis JC, Dehghan A, Barbalic M, Baumert J, Lu C, Smith NL, Uitterlinden
AG, Roberts R, Khuseyinova N, Schnabel RB,
Rice KM, Rivadeneira F, Hoogeveen RC, Fontes
JD, Meisinger C, Keaney JF, Lemaitre R,
Aulchenko YS, Vasan RS, Ellis S, Hazen SL,
Duijn CM, Nelson JJ, Marz W, Schunkert H,
McPherson R, Stirnadel HA, Psaty BM, Gieger
C, Siscovick D, Hofman A, Illig T, Cushman M,
Yamamoto JF, Rotter JI, Larson MG, Stewart AF,
Boerwinkle E, Witteman JC, Tracy RP, Koenig
W, Benjamin EJ and Ballantyne CM. Eight genetic loci associated with variation in lipoprotein-associated phospholipase A2 mass and
activity and coronary heart disease: metaanalysis of genome-wide association studies
from five community-based studies. Eur Heart
J 2012; 33: 238-51.
[18] Stone NJ, Robinson JG, Lichtenstein AH, Bairey
Merz CN, Blum CB, Eckel RH, Goldberg AC,
Gordon D, Levy D, Lloyd-Jones DM, McBride P,
Schwartz JS, Shero ST, Smith SC Jr, Watson K,
Wilson PW; American College of Cardiology/
American Heart Association Task Force on
Practice Guidelines. 2013 ACC/AHA guideline
on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in
adults. Circulation 2013. http://circ.ahajournals.org/lookup.suppl/doi:10.1161/01.
cir.0000437738.63853.7a/-/DC1.
[19] Von Elm E, Altman DG, Egger M, Pocock SJ,
Gφtzsche PC and Vandenbroucke JP. The

132

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

strengthening the reporting of observational
studies in epidemiology (STROBE) statement:
guidelines for reporting observational studies.
Lancet 2007; 370: 1453-57.
Little J, Higgins JP, Ioannidis JP, Moher D, Gagnon F, von Elm E, Khoury MJ, Cohen B, DaveySmith G, Grimshaw J, Scheet P, Gwinn M, Williamson RE, Zou GY, Hutchings K, Johnson CY,
Tait V, Wiens M, Golding J, van Duijn C,
McLaughlin J, Paterson A, Wells G, Fortier I,
Freedman M, Zecevic M, King R, Infante-Rivard
C, Stewart AF, Birkett N. Strengthening the reporting of genetic association studies (STREGA): an extension of the strengthening the
reporting of observational studies in epidemiology (STROBE) statement. J Clin Epidemiol
2009; 62: 597-608.
Egger M, Davey Smith G, Schneider M and
Minder C. Bias in meta-analysis detected by a
simple, graphical test. BMJ 1997; 315: 62934.
Abuzeid AM, Hawe E, Humphries SE and Talmud PJ; HIFMECH Study Group. Association
between the Ala379Val variant of the lipoprotein associated phospholipase A2 and risk of
myocardial infarction in the north and south of
Europe. Atherosclerosis 2003; 168: 283-88.
Jang Y, Kim OY, Koh SJ, Chae JS, Ko YG, Kim JY,
Cho H, Jeong TS, Lee WS, Ordovas JM and Lee
JH. The Val279Phe variant of the lipoproteinassociated phospholipase A2 gene is associated with catalytic activities and cardiovascular disease in Korean men. J Clin Endocrinol
Metab 2006; 91: 3521-27.
Sekuri C, Cam FS, Tengiz I, Ercan E, Bayturan O
and Berdelli A. Association of platelet-activating factor acetyl hydrolase gene polymorphism
with premature coronary artery disease in
Turkish patients. Anadolu Kardiyol Derg 2006;
6: 132-4.
Unno N, Sakaguchi T, Nakamura T, Yamamoto
N, Sugatani J, Miwa M and Konno H. A single
nucleotide polymorphism in the plasma PAF
acetylhydrolase gene and risk of atherosclerosis in Japanese patients with peripheral artery
occlusive disease. J Surg Res 2006; 134: 3643.
Hoffman MM, Winkler K, Renner W, Winkelmann BR, Seelhorst U, Wellnitz B, Boehm BO
and Marz W. Genetics variants and haplotypes
of lipoprotein associated phospholipase A2
and their influence on cardiovascular disease
(the Ludwigshafen risk and cardiovascular
health study. J Throm Haemost 2009; 7: 41-8.
Hou L, Chen S, Yu H, Lu X, Chen J, Wang L,
Huang J, Fan Z and Gu D. Associations of
PLA2G7 gene polymorphisms with plasma lipoprotein associated phospholipase A2 activity and coronary heart disease in a Chinese

Am J Cardiovasc Dis 2017;7(6):122-133

PLA2G7 gene polymorphisms and clinical atherosclerosis

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

133

Han population: the Beijing atherosclerosis
study. Hum Genet 2009; 125: 11-20.
Li L, Qi L, Lv N, Gao Q, Cheng Y, Wei Y, Ye J, Yan
X and Dang A. Association between lipoproteinassociated phospholipase A2 gene polymorphism and coronary artery disease in the Chinese Han population. Ann Hum Genet 2011;
75: 605-11.
Liu X, Zhu RX, Tian YL, Li Q, Li L, Deng SM and
He ZY. Association of PLA2G7 polymorphisms
with ischemic stroke in northern Chinese Han
population. Clin Biochem 2014; 47: 404-8.
Zheng GH, Xiong SQ, Chen HY, Mei LJ and
Wang T. Associations of platelet-activating factor acetylhydrolase (PAF-AH) gene polymorphisms with circulating PAF-AH levels and risk
of coronary heart disease or blood stasis syndrome in the Chinese Han population. Mol Biol
Rep 2014; 41: 7141-51.
Ma Y. Associations of platelet activating factor
acetylhydrolase gene polymorphisms with risk
of ischemic stroke. Biomed Report 2016; 4:
24-50.
Hong M, Zhang M and Lu X. Nonsynonymous
polymorphisms in PLA2G7 gene are associated with the risk of coronary heart disease in a
southern Chinese population. Mamm Genome
2015; 26: 191-9.
Zhang R, Song Q, Liu H, Bai H, Zhang Y, Liu Q,
Guan L and Fan P. Effect of the R92H and
A379V genotypes of platelet-activating factor
acetylhydrolase on its enzymatic activity, oxidative stress and metabolic profile in Chinese
women with polycystic ovary syndrome. Lipids
Health Dis 2017; 16: 57.
Suchindran S, Rivedal D, Guyton JR, Milledge
T, Gao X, Benjamin A, Rowell J, Ginsburg GS
and McCarthy JJ. Genome-Wide Association
Study of LpPLA2 Activity and Mass in the Framingham Heart Study. PLoS Genet 2010; 6:
e1000928.
Lp-PLA(2) Studies Collaboration, Thompson A,
Gao P, Orfei L, Watson S, Di Angelantonio E,
Kaptoge S, Ballantyne C, Cannon CP, Criqui M,
Cushman M, Hofman A, Packard C, Thompson
SG, Collins R, Danesh J. Lipoprotein-associated phospholipase A2 and risk of coronary disease, stroke, and mortality: collaborative analysis of 32 prospective studies. Lancet 2010;
375: 1536-44.

[36] Balta G, Gurgey A, Kudayarov DK, Tunc B and
Altay C. Evidence for the existence of the PAF
acetylhydrolase mutation (Val279Phe) in nonJapanese populations: a preliminary study in
Turkey, Azerbaijan, and Kyrgystan. Thromb Res
2001; 101: 231-34.
[37] Stafforini DM, Satoh K, Atkinson DL, Tjoelker
LW, Eberhardt C, Yoshida H, Imaizumi TA, Takamatsu S, Zimmerman GA, Mcintyre TM, Gray
PW and Prescott SM. Platelet-activating factor
acetylhydrolase deficiency. A missense mutation near the active site of an anti-inflammatory phospholipase. J Clin Invest 1996; 97:
2784-91.
[38] Millwood IY, Bennet DA, Walters RG, Clarke R,
Waterworth D, Johnson T, Chen Y, Yang L, Guo
Y, Bian Z, Hacker A, Yeo A, Parish S, Hill MR,
Chissoe S, Peto R, Cardon L, Collins R, Li L and
Chen Z. A phenome-wide association study of
a lipoprotein-associated phospholipase A2
loss-of-function variant in 90000 Chinese
adults. Int J Epidemiology 2016; 45: 1589-99.
[39] Ishihara M, Iwasaki T, Nagano M, Ishii J, Takano
M, Kujiraoka T, Tsuji M, Hattori H and Emi M.
Functional impairment of two novel mutations
detected in lipoprotein-associated phospholipase A2 (LpPLA2) deficiency patients. J Hum
Gen 2004; 49: 302-7.
[40] Cahyaningtias M, Rohman MS, Widodo Adi AW,
Yuda R, Indrayana Y, Putri JF, Rusdianto, Lukitasari M and Hendrawan D. Val279Phe variant
of LpPLA2 is a risk factor for a subpopulation
of Indonesia patients with acute myocardial infarction. Genes & Disease 2016; 3: 289-93.
[41] Wang Q, Hao Y, Mo X, Wang L, Lu X, Huang J,
Cao J, Li H and Gu D. PLA2G7 gene polymorphisms and coronary heart disease risk: a
meta-analysis. Thrombosis Research 2010;
126: 498-503.

Am J Cardiovasc Dis 2017;7(6):122-133

