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Introduction

A growing number of epidemiological
studies indicate that coronary heart dis-
ease (CHD) has become a main cause of
high morbidity and mortality worldwide
[1]. With the improvement of living con-
ditions and lifestyle in China, the inci-
dence of CHD has continually increased
over the years. In 2009, the mortality
rate of CHD increased to 94.96/100,000
in the urban setting and 71.27/100,000 in
rural China [2]. Researchers have shown
that a variety of factors contribute to the
pathogenetic process of CHD, including
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hyperlipidemia, hypertension, diabetes,
and smoking. However, in recent years,
a large number of studies have indicated
that genetic factors playan important role
in the pathogenesis of CHD [3]. Research
on different populations and ethnicities
indicated that patients whose first-degree
relatives (<60 years old) with early onset
CHD had a 2-10 times higher incidence
of CHD compared with people who have
no family history of CHD [4]. Therefore,
genetic predisposition has gradually at-
tracted attentions of researchers.
Paraoxonase 1 (PON1), located on the
long arm of chromosome 7 at q21.3, plays

233 of studies searched from electronic databases

44 relevant identified and screened

e Studies excluded (n=189)

Studies excluded with reviews, abstract

and duplicated data (n=29)

1 record was excluded because of no useful data

an important role in antiatherosclerosis.
Single-nucleotide polymorphism (SNP),
the most common type of DNA sequence
deviation, has been reported to account
for approximately 90% of genetic vari-
ations in the human genome [5]. The
genetic polymorphisms in the PON gene
might affect the concentration and activ-
ity of PON enzyme in serum, thus, ul-
timately impacting enzyme function in
vivo. Among all the SNPs in the PON1
gene, rs662 has been studied intensively
by many researchers. The relationship
between rs662 and susceptibility to CHD
has been widely studied in Chinese popu-
lation; however, the results have been in-
consistent. Wang et al. [6] suggested that
rs662 was significantly associated with
susceptibility to CHD in North China;

Abbreviations
CHD Coronary heart disease
a Confidence intervals

CNKI China National Knowledge
Infrastructure

HWE Hardy-Weinberg equilibrium

ORs Pooled odds ratios

Fig. 1 <« Flow dia-
gram of study selec-
tion SNP

Studies were included in the final analysis (n=14) PON1 Paraoxonase 1

Single nucleotide polymorphism
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Table 1 Characteristics of the included studies
Reference  Year Area Ethnicity Method Case Control
Genotype distribution Genotype distribution

Case GG AG AA Control GG AG AA HWE
Wangetal. 2002 Beijing Han PCR-RFLP 474 176 218 80 475 193 230 52 >0.05
[6]
Liu T*a et 2014 Liaoning Han PCR-RFLP 792 277 405 110 864 248 452 164 >0.05
al.[10]
LiuT*bet 2014 Fujian Han PCR-RFLP 400 148 205 47 400 117 212 71 >0.05
al. [10]
Suetal. [7] 2005 Beijing Han PCR-RFLP 184 85 75 24 239 83 116 40 >0.05
Yangetal. 2007 Hebei Han PCR-RFLP 151 61 73 17 61 7 21 33 >0.05
(1]
Zhaietal. 2010 Shandong  Han PCR-RFLP 128 31 68 29 110 34 54 22 >0.05
[12]
Du*aetal. 2012 Xinjiang Han PCR-RFLP 140 49 72 19 76 18 38 20 >0.05
[13]
Du*betal. 2012 Xinjiang Uighur PCR-RFLP 143 85 37 21 44 7 23 14 >0.05
[13]
Zhu et 2005 Jiangsu Han PCR-RFLP 145 51 74 20 67 15 38 14 >0.05
al.[9]
Wangetal. 2011 Shanghai Han PCR- 580 211 234 135 616 185 283 148 >0.05
[14] Sequence
Xieetal. [8] 2014 Fujian Han PCR-RFLP 22 13 8 1 86 43 28 15 >0.05
Kangetal. 2013 Guangdong Han TagMan 515 230 214 71 537 239 222 76 >0.05
[15] assay
Kangetal. 2006 Hongkong  Han PCR-RFLP 473 193 210 70 310 110 135 65 >0.05
[16]
Han etal. 2015 Singapore  Singaporean Chipassay 688 296 328 64 1226 560 524 142 >0.05
[17] Chinese

PCR-RFLP Polymerase chain reaction-restriction fragment length polymorphism

however, the study by Su et al. [7] came
to the opposite conclusion. Xie et al. [8]
reported that there was no significant im-
pact of rs662 genetic variations on CHD
in a southern Chinese population. Zhu
et al. [9], however, indicated that CHD
patients carrying rs662 were not signif-
icantly different from controls. To draw
a precise conclusion on the relationship
between rs662 and susceptibility to CHD,
we conducted this meta-analysis.

Method

Search strategy

Two researchers respectively searched
electronic search platforms, including
PubMed, Embase, Wanfang Data, and
Chinese National Knowledge Infras-
tructure (CNKI), to identify eligible
studies published before July 2017.
There was no restriction imposed on
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search language. The search terms
were as follows: (1) PON, paraoxonase;
(2) coronary heart disease, coronary
artery disease, arteriosclerosis, myocar-
dial infarction, ischemic heart disease,
carotid atherosclerosis, atherosclerosis;
(3) Chinese, China. All the terms were
combined in the search.

Inclusion criteria

The following inclusion criteria were
used: (1) case-control or cohort stud-
ies on the association between rs662
polymorphism and CHD; (2) providing
the distribution data in patients and
controls; (3) study describing a Chi-
nese population. Exclusion criteria were
(1) duplicate data, (2) incomplete rs662
distribution data, and (3) meta-analyses,
letters, reviews, meeting abstracts, or
editorial articles.

Data extraction

Two authors independently read the
14 studies that were included and ex-
tracted the following study character-
istics: first author, year of publication,
geographic area(s), ethnicity, sample
size, distribution data in patients and
controls.

Statistical analysis

Weused pooled oddsratio (ORs) and 95%
confidence intervals (CIs) to evaluate the
strength of the association between the
rs662 polymorphism and CHD. Hetero-
geneity in these studies was evaluated by
x*-based Q statistic test and I? statistics.
The fixed-effects model and random-ef-
fects model based on the Mantel-Haen-
szel method and the DerSimonian and
Laird method were used to evaluate the
sensitivity analysis. Publication bias by



Abstract - Zusammenfassung

the method of Egger’s linear regression
test was assessed by funnel plots. Strati-
fied analyses were performed by ethnicity
and geographicareas, including Han Chi-
nese, South China, and North China. All
data were analyzed with Review Manager
(version 5.0.0), using two-sided P values.

Results

Description of included studies

The flow diagram for the literature selec-
tion is shown in @ Fig. 1. After searching
the electronic search platforms, a total
of 233 articles that studied the associ-
ation between the rs662 polymorphism
and risk of CHD were identified. Based
upon the exclusion criteria, 219 studies
were excluded, while 14 studies met the
inclusion criteria. The characteristics of
the included studies were summarized in
@ Table 1. Thus, 4835 CHD patients and
5111 controls from 14 included articles
were included in the present meta-anal-
ysis to evaluate the relationship between
rs662 polymorphism and susceptibility
to CHD in the Chinese population.

Meta-analysis for the PON1 rs662
G>A polymorphism

In order to evaluate the precise associ-
ation between the rs662 polymorphism
and CHD risk, we compared the healthy
group to the CHD group. In the total
analysis, there was a significant associa-
tion between rs662 and risk of CHD for
all genetic models (G vs. A, OR 1.34, 95%
CI 1.13-1.58; GG vs. AA, OR 1.72, 95%
CI 1.25-2.36; GG+GA vs. AA, OR 0.74,
95% CI 0.60-0.90; GA+AA vs. GG, OR
1.48, 95% CI 1.14-1.93; @Fig. 2). Fur-
thermore, B Figs. 3 and 4 showed, in the
stratified analysis of ethnicity and geo-
graphic areas, the same results in the
Chinese Han population (G vs. A, OR
1.30, 95% CI 1.09-1.54; GG vs. AA, OR
1.20, 95% CI 1.08-1.32; GG+GA vs. AA,
OR 0.77, 95% CI 0.64-0.92; GA+AA vs.
GG, OR 1.46, 95% CI 1.08-1.97) and the
Southern Chinese population (G vs. A,
OR 1.19, 95% CI 1.09-1.30; GG vs. AA,
OR 1.40, 95% CI 1.17-1.68; GG+GA vs.
AA,0OR0.80,95% CI10.70-0.91; GA+AA
vs. GG,0R1.25,95% CI1.06-1.47) forall
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Abstract

Background. A growing number of studies population. Our result showed that overall
have suggested that the single nucleotide rs662 (G>A) was significantly associated
polymorphism (SNP) rs662 (G>A) in parao- with susceptibility to CHD in the Chinese
xonase 1 (PONT) is significantly associated population when compared with healthy
with susceptibility to coronary heart disease controls. Furthermore, a G allele suggested an
(CHD) in the Chinese population. To further elevated risk of CHD. In the subgroup analyses
evaluate the effects of the PONT RS662 stratified by ethnicity and geographic areas,
(G>A) polymorphism on the risk of CHD, significant associations were found in Chinese
we performed a meta-analysis in a Chinese Han and South China, but not in North China.
population. Conclusion. The present meta-analysis
Methods. PubMed, Embase, Wanfang Data, suggests that rs662 (G>A) SNP in PON1 is
Chinese National Knowledge Infrastructure associated with CHD risk; the G allele might
(CNKI) were searched to identify eligible be the risk allele for CHD susceptibility in the
studies. Pooled odds ratios (ORs) and 95% Chinese population. However, more research
confidence intervals (Cls) were used to is required to make a definite conclusion.
evaluate the strength of the associations

between RS662 (G>A) and CHD. Keywords

Result. In the meta-analysis, we identified Polymorphism, single nucleotide - Cardio-

14 articles, including a total of 4835 CHD vascular diseases - China - Genetics - Disease
patients and 5111 controls in the Chinese susceptibility

Signifikante Assoziation zwischen Paraoxonase-1-rs662-
Polymorphismus und koronarer Herzkrankheit. Eine Metaanalyse
in der chinesischen Bevolkerung

Zusammenfassung

Hintergrund. Immer mehr Studien liefern Kontrollen, dass rs662 (G>A) insgesamt
Belege, dass der Einzelnukleotidpolymor- signifikant mit der KHK-Anfélligkeit in
phismus (,single nucleotide polymorphism” der chinesischen Bevélkerung assoziiert
[SNP]) rs662 (G>A) in der Paraoxonase 1 war. Dariiber hinaus wies ein G-Allel

(PON1) signifikant mit der Anfalligkeit fir auf ein erhohtes KHK-Risiko hin. In der

die koronare Herzkrankheit (KHK) in der Subgruppenanalyse mit Stratifizierung nach
chinesischen Bevolkerung assoziiert ist. Zur ethnischer Zugehorigkeit und geografischer
genaueren Untersuchung der Effekte des Region wurden signifikante Assoziationen bei
PON1-rs662-(G>A)-Polymorphismus auf das Han-Chinesen gefunden, ebenso in Stidchina,
KHK-Risiko wurde eine Metaanalyse mit nicht jedoch in Nordchina.

chinesischen Populationen durchgefiihrt. Schlussfolgerung. GemaR der vorliegenden
Methoden. PubMed, Embase, Wanfang Metaanalyse ist der rs662-(G>A)-SNP in PON1
Data und Chinese National Knowledge mit dem KHK-Risiko assoziiert; das G-Allel
Infrastructure (CNKI) wurden nach relevanten kénnte das Risikoallel fiir KHK-Anflligkeit
Studien durchsucht. Mit gepoolten Odds in der chinesischen Bevdlkerung sein. Eine
Ratios (OR) und 95 %-Konfidenzintervallen endgiiltige Beurteilung setzt allerdings

(KI) wurde die Stérke der Assoziationen weitere Forschungsbemiihungen voraus.
zwischen RS662 (G>A) und KHK untersucht.

Ergebnisse. In der Metaanalyse wurden Schliisselworter

14 Beitrage mit insgesamt 4835 KHK- Einzelnukleotidpolymorphismus - Herz-
Patienten und 5111 Kontrollen aus der Kreislauf-Erkrankungen - China - Genetik -
chinesischen Bevélkerung identifiziert. Die Krankheitsanfalligkeit

Analyse ergab im Vergleich mit gesunden
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CHD Control Odds Ratio
Study or Subgrou Events Total Events Total Weight M.H, Random, 95% Cl
Du*a 2012 170 280 74 152 B1% 1.63[1.09, 2.43]
Du*h 2012 207 286 37 88  51% 3.61[2.20,5.93]
Han 2015 920 1376 1644 2452 8.9% 0.99 [0.86,1.14]
Kang 2013 674 1030 700 1074 8.5% 1.01[0.85,1.21)
Kang 2006 596 946 355 620 8.3% 1.27 [1.03,1.56]
Liu*a 2014 959 1584 948 1728 8.9% 1.26 [1.10,1.45]
Liu*b 2014 501 800 446 800 8.3% 1.33[1.09,1.62)
Su 2005 245 368 282 478  7.4% 1.38 [1.04,1.84)
Wang 2002 570 948 616 850 8.5% 0.82 [0.68, 0.98]
Wang 2011 656 1160 653 1232 87% 1.15[0.98, 1.36)
Xie 2014 34 44 114 172 31% 1.73[0.80,3.79)
‘Yang 2007 185 302 3 122 55% 4.53[2.87,7.16]
Zhai 2010 130 256 122 220 6.6% 0.83[0.58,1.19]
Zhu 2005 176 290 68 134 6.0% 1.50 [0.99, 2.26]
Total (95% CI) 9670 10222 100.0% 1.34 [1.13, 1.58]
Total events 6033 6094
Heterogeneity: Tau®= 0.08; Chi*= 88.78, df= 13 (P < 0.00001); I*= 85%
Test for overall effect Z= 3.44 (P = 0.00086)

a

CHD Control Odds Ratio
Study or Subgrou Events Total Events Total Weight M.H. Random. 95% Cl
Du*a 2012 49 68 18 38 6.0% 2.87 [1.25, 6.56)
Du*b 2012 85 106 TN 48% 8.10 [2.90, 22.57)
Han 2015 286 360 560 702 8.1% 1.17[0.85,1.63)
Kang 2013 230 301 233 315 89% 1.03[0.71,1.49)
Kang 2006 183 263 110 175 87% 1.63 [1.08, 2.46)
Liu™a 2014 277 387 248 412 83% 1.67 [1.24, 2.24)
Liu*b 2014 148 195 117 188  85% 1.91 [1.23, 2.97)
Su 2005 85 108 83 123 75% 1.71[0.95, 3.08)
Wang 2002 176 256 193 245 87% 0.59 [0.40, 0.89)
Wang 2011 211 346 185 333 8.2% 1.25(0.92,1.70)
Xie 2014 13 14 43 58 1.8% 4.53 [0.55, 37.67)
YYang 2007 61 78 T 40 52% 16.92 [6.37, 44.93)
Zhai 2010 31 60 34 56 B6.6% 0.69 [0.33,1.45)
Zhu 2005 51 71 15 29 56% 2.38[0.97, 5.81)
Total (95% CI) 2614 2735 100.0% 1.72[1.25, 2.36]
Total events 1906 1858

Heterogeneity: Tau®= 0.26; Chi*= 71.01, df=13 (P < 0.00001); F= 82%
Test for overall effect: Z= 3.34 (P = 0.0008)

b CHD Control Odds Ratio

Study or Subgrou Events Total Events Total Weight M.H. Random. 95% Cl
Du*a 2012 91 140 58 76 52% 0.58 [0.31,1.09)
Du*h 2012 58 143 37 44 35% 0.13 [0.05, 0.31)
Han 2015 392 688 666 1226 10.0% 1.11(0.92,1.34)
Kang 2013 285 515 298 537 95% 0.99 [0.78,1.27)
Kang 2006 280 473 200 310  89% 0.80 [0.59,1.07)
Liua 2014 515 792 616 864 8.9% 0.75 (0.1, 0.92)
Liu*h 2014 252 400 283 400 89% 0.70 [0.52, 0.95)
Su 2005 99 184 156 239  7.7% 0.62(0.42, 0.92)
Wang 2002 298 474 282 475 83% 1.16 [0.89, 1.50)
Wang 2011 369 580 431 616 8.5% 0.75 [0.59, 0.96)
Xie 2014 9 22 43 86 32% 0.69 [0.27,1.79)
Yang 2007 90 151 54 61  37% 0.19 [0.08, 0.45)
Zhai 2010 97 128 76 110  58% 1.40[0.79, 2.48)
Zhu 2005 94 145 52 67 49% 0.53 [0.27, 1.04)
Total (95% CI) 4835 5111 100.0% 0.74 [0.60, 0.90]
Total events 2929 3252

Heterogeneity: Tau®= 0.09; Chi*= 57.75, df= 13 (P < 0.00001); I*= 77%
Test for overall effect: Z= 3.00 (P = 0.003)

C CHD Control Odds Ratio

Study or Subgrouy Events Total Events Total Weight M.H, Random, 95% Cl
Du*a 2012 121 140 56 76 6.0% 2.27 [1.13, 4.60]
Du*h 2012 122 143 30 44 54% 2.71 [1.24,5.95)
Han 2015 624 688 1084 1226 9.0% 1.28[0.94,1.74)
Kang 2013 444 515 461 537 8.8% 1.03[0.73,1.46)
Kang 2006 403 473 245 310 86% 1.53[1.05, 2.22)
Liu*a 2014 682 792 700 864 9.4% 1.45[1.12,1.89)
Liu*h 2014 353 400 329 400 8.4% 1.62[1.09, 2.41)
Su 2005 160 184 189 239 7.2% 1.34[0.78, 2.32)
Wang 2002 384 474 423 475 86% 0.61[0.42, 0.889)
Wang 2011 445 580 468 616  9.4% 1.04 [0.80,1.36)
Xie 2014 21 22 71 86 1.4% 4.44 [0.55, 35.59]
Yang 2007 134 151 28 61 59% 9.29 [4.55,18.99]
Zhai 2010 99 128 88 110 6.6% 0.85 [0.46,1.59)
Zhu 2005 125 145 53 67 56% 1.65[0.78, 3.51)
Total (95% CI) 4835 5111 100.0% 1.48[1.14, 1.93]
Total events 4127 4235

Heterogeneity: Tau®= 0.18; Chi*= 61.35, df=13 (P < 0.00001); I*= 78%
Test for overall effect: Z= 2.90 (P = 0.004)
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Fig. 2 < Association of
the rs662 gene polymor-
phism on coronary heart
disease susceptibility in
the Chinese population.
The association were as-
sessed under four genetic
models: a Gvs A model,

b GGvs AAmodel, c GA+AA
vs GGmodel, d GG+GA

vs AA model
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CHD Control

Study or Subgrou Events Total Events Total Weight M.H, Random. 95% CI
Du*a 2012 170 280 74 152 7.0%
Kang 2013 674 1030 700 1074 10.1%
Kang 2006 596 946 355 620 9.7%
Liu*a 2014 959 1584 948 1728 10.6%
Liu*b 2014 501 800 446 800  9.8%
Su 2005 245 368 282 478  8.6%
Wang 2002 570 948 616 950 10.0%
Wang 2011 656 1160 653 1232 10.3%
Xie 2014 34 44 114 172 3.4%
Yang 2007 195 302 36 122 6.2%
Zhai 2010 130 256 122 220 7.5%
Zhu 2005 176 290 68 134 6.8%
Total (95% CI) 8008 7682 100.0%
Total events 4906 4413

Heterogeneity: Tau®= 0.07; Chi*= 63.39, df= 11 (P < 0.00001); F= 83%
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genetic models. However, as illustrated
in @ Fig. 5, no significant association was
observed between rs662 and the pop-
ulation of North China (G vs. A, OR
1.39, 95% CI 0.97-1.98; GG vs. AA, OR
1.82,95% CI 0.89-3.71; GG+GA vs. AA,
OR 0.73, 95% CI 0.51-1.05; GA+AA vs.
GG, OR 1.60, 95% CI 0.86-2.98). In ad-
dition, both in the total and the stratified
analysis, the G allele suggested a higher
susceptibility to CHD.
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Publication bias

Begg’s funnel plot and Egger’s test were
used to estimate publication bias. As
shown in @ Fig. 6, there was no significant
asymmetry in the funnel plot shapes.

Discussion

Currently, there are about 100 million
cardiovascular patients in China; in addi-
tion, the mortality rate due to cardiovas-
cular disease is significantly higher than

that of cancerand other diseases. Itisesti-
mated thatabout 10,000 people die of car-
diovascular disease every year in China
[18]. A large number of researchers have
suggested that the main mechanisms of
CHD pathogenesis include lipid infiltra-
tion, chronic inflammation, and oxida-
tion [19-21]. However, CHD is a com-
plex disease with multiple factors that
work together leading to the pathogene-
sis of the disease. Convincing evidence,
recently, has emerged to indicate that in-
dividual susceptibility to CHD might be
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partially determined by genetic predis-
position.

Paraoxonase 1 (PON1), a glycopro-
tein synthesized in the liver and secreted
into the blood, might take part in the
pathogenesis of arterial thrombosis and
atherosclerosis [22]. There are approx-
imately 200 single nucleotide polymor-
phisms (SNPs) in the human PONI1
gene. Rs662 is one SNP in the PON1
gene, which has attracted much atten-
tion from researchers. Large numbers of
studies have researched the relationship
between rs662 and the risk of CHD.
However, recent results have been in-
consistent. Therefore, we performed this

meta-analysis to conduct a more precise
estimate.

This is the first meta-analysis to eval-
uate the association of rs662 with CHD
in the Chinese population. There were
14 studies, including 4835 CHD patients
and 5111 controls in our meta-analysis.
In the total analysis, there was a signif-
icant association of rs662 with suscep-
tibility to CHD in China. G allele car-
ries have a higher risk of CHD. In the
subgroup analysis, the same result was
also observed in Chinese Han and South
China, but not in North China. In ad-
dition, the HWE data in the control and
CHD patients groups suggest that there

is no significant genetic background dif-
ferences between the participants. The
reliability and stability of the meta-anal-
ysis were examined by sensitivity analy-
sis. Inall, the results of our meta-analysis
provide strong evidence for the associ-
ation between the rs662 polymorphism
and susceptibility to CHD in the Chinese
population.

Our present study has demonstrated
that there is an association between the
rs662 polymorphism and risk of CHD;
however, there are several limitations.
First, the number of cases and controls
included in our study is relative small, so
there is insufficient statistical power to

Herz4.2020 | 353



Review articles

o--SE(0G[OR]) o SE(0S(OR)
:
%05,
I VIR e
[} i I N
01t (p@' S o
e 0sT e i N
1 4 i i
T / i \
g gt i i 2
= LN ‘ :
A i 3
i H ' 14 I 8
T i o N
' H ! \
03T / i | 3 5
[ 1 1 p' [ \\
g 1
o 157 i | \
04T e / |
f . g v ; ol
! : ! b ! *
/ | ol : } “LoR
0.5 + : ! } R / ; i LOR
0.01 01 1 10 100 0.01 0.1 1 10 100
a
- SE(08IORD ; o SE(0gIOR) o
i R
i i,
i A
1T Y £ ek
99 05T i kY
lap S ! 4,
5 : \
] i 1 ’ L \\
02T i
] i i I \
ion ‘ \
1 i 1 1+ 1 ~
Do) 1 o 5
03T s S / ! \
] H i 7 [ N
F O I /s 1 2
| ! \ i / b
! | | 157 i i \
04t / : i S/ : Y
' i 1
/ : \ ;
/ ! i 7 ! S
. ; @ ' ; OR / ‘ ', OR
0. t t t L |
0.01 0.1 1 10 100 001 01 1 10 100
c d

Fig. 6 A Funnelplotsforallele contrast of the rs662 polymorphism.The association were assessed under four genetic models:
a Gvs Amodel, b GG vs AA model, c GA+AA vs GG model, d GG+GA vs AA model

investigate the association between the
rs662 polymorphism and risk of CHD.
Second, the results of our study are only
applicable to China because data from
Chinese patients were included. Third,
the heterogeneity in the study was high,
and a stratification analysis was not possi-
ble due to the limited data of the included
studies.

Taken together, our study provides ev-
idence that the single nucleotide poly-
morphism rs662 has a significant asso-
ciation with susceptibility to CHD; the
G allele might be the risk allele. Fur-
thermore, studies with a larger number
of patients with an association between
rs662 and CHD are required to confirm
the present findings.
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