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Paraoxonase 1 -L55M polymorphism and coronary heart disease risk in the Chinese
population: evidence from a meta-analysis
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Abstract

Many studies have examined the association between paraoxonase 1 (PON1) -L55M polymorphisms and risk of coronary
heart disease (CHD), but the results remained inconsistent. We therefore aimed to address this association by performing an
updated meta-analysis in the Chinese population. The PubMed, EMBASE, Web of Science, and Chinese National Knowledge
Infrastructure were searched up to May 2020. The strength of statistical association was assessed with odds ratio (OR) and 95%
confidence interval (CI). A total of eight studies with 1826 CHD cases and 1817 controls were finally included in the analysis.
In the overall and subgroup analyses by control sources and geographic areas, the results showed no significant associations
with CHD among all analysis models. Furthermore, we performed the analysis by including or excluding the HWE-violating
studies. The results suggested that the MM genetype were significantly associated with CHD in studies not consistent with
HWE under recessive and dominant models. This meta-analysis demonstrates that the PON1 -L55M polymorphism may not
be associated with CHD risk in the Chinese population. Further studies with strict selection of patients and controls in different
ethnic populations will be required to clarify this finding.
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Practical Application: This study includes more studies on the Chinese population. In addition, we not only evaluated the
impact of risk alleles and coronary heart disease, but also the impact of heterozygotes, homozygotes, and coronary heart disease.
Through subgroup analysis, the influence of gene-environment interaction on the risk of coronary heart disease was also studied.
In addition, we explored potential sources of heterogeneity across studies and the possibility of publication bias. The sensitivity

analysis confirmed the reliability and stability of the meta-analysis.

1 Introduction

Coronary heart disease (CHD), one of the major causes
of morbidity and mortality worldwide, had become a growing
public health problem in developing or lower-income countries
(Teo & Dokainish, 2017). Despite advances in our understanding
of cardiovascular disease, detailed pathogenetic mechanisms of
CHD are not fully understood. However, it has been hypothesized
that the greatest impact of increased prevalence of CHD may
be associated with genetic and environmental predisposing
factors (Dalen et al., 2014; Sayols-Baixeras et al., 2014).
Paraoxonase 1 (PON1) -L55M (rs854560) has been identified
as one of single nucleotide polymorphisms contributing to the
CHD susceptibility. The results, however, are not frequently
reproducible. In retrospect, individual studies with small sample
sizes that are known to have low statistical power and yielded
poor replication record. Moreover, this lack of reproducibility
might also stem from racial or regional differences and discrepant
lifestyle backgrounds. In order to reduce the influence of the
diverse backgrounds, we performed a meta-analysis to assess the
relationship between PONI -L55M polymorphism and CHD
risk in the Chinese population.

2 Materials and methods
2.1 Identification of eligible studies and data extraction

We performed the meta-analysis according to the guidelines of
the PRISMA group. Genetic association studies published before
the end of May 2020 on CHD and PON1 -L55M polymorphism
were identified through a search of PubMed, EMBASE, Web of
Science, and Chinese National Knowledge Infrastructure without
language restrictions. The search keywords were (paraoxonase-1 or
PONI1) and (CHD or coronary artery disease or coronary heart
disease) and (Chinese or China). Additional eligible studies
were manually searched from the reference lists. Studies were
selected according to the following criteria: (1) studies on the
association between PON1 -L55M polymorphism and CHD;
(2) independent case-control or cohort studies in humans; (3)
providing sufficient genetypes data to calculate the odds ratio (OR)
and 95% confidence interval (95% CI); (4) Chinese participants;
(5) in the case of duplication with multiple articles publishing
data on the same population, the most complete data set was
included. Review papers, letters, case reports, meeting abstract
or editorial articles were excluded. The following information
was abstracted from each study: first author’s name, publication
year, control sources, geographic areas, sample size, frequency of
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genotypes and consistency of genotype frequencies with Hardy-
Weinberg equilibrium (HWE) in controls. Control sources were
divided into population-based control (PB) and hospital-based
control (HB). The quality assessment of individual study was
conducted according to the nine-star Newcastle-Ottawa Scale
(Wells et al., 2000).

2.2 Statistical analysis

The strength of association between PON1 -L55M
polymorphism and CHD susceptibility was assessed with ORs
and 95% ClIs. Deviation from HWE was examined by Chi-
square test. The meta-analysis examined the overall association
of M allele with the risk of CHD relative to the L allele; and the
contrast of homozygotes MM versus LL, the contrast MM versus
(LL+LM), and the contrast (MM+LM) versus LL. Heterogeneity
of pooled results as well as Hardy-Weinberg equilibrium (HWE)
in controls was assessed by I-squared statistic based on Q-test
. The random-effects model was applied to estimate the pooled
ORs when Pheterogeneity< 0.1 or I2 > 50%; otherwise, the fixed-
effects model was adopted. The significance of the pooled ORs
were evaluated by a Z-test. Sensitivity analysis was performed
by removing each individual study in turn from the total and
re-analyzing the remainder. Publication bias was assessed with
Begg’s funnel plot and Egger’s linear regression test. All statistical
analyses were conducted using the Stata, version 12 (StataCorp
LP, College Station, TX). A P value less than 0.05 was considered
to be statistically significant.

3 Results
3.1 Description of included studies

Figure 1 illustrates the literature search process with a flow
chart. Seventy-nine articles which examined the association
between PON1 -L55M polymorphisms and CHD were identified.
According to the inclusion and exclusion criteria, eight studies
(Sanghera et al., 1998; Wang et al., 2003; Chi et al., 2006;
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Figure 1. Flow diagram of the literature search.

Yang et al., 2007; Zhou et al., 2009; Wang, 2011; Kang et al,,
2013; Mo et al.,, 2016) were finally included in the analysis.
The publication year of involved studies ranged from 1998 to
2016. In total, 1826 CHD cases and 1817 controls were included
in this meta-analysis. The source of controls in two included
studies was population-based, others were hospital-based studies.
PONT1 -L55M polymorphisms in controls were found to occur
in frequencies consistent with HWE in four studies. The main
study characteristic were provided in Table 1.

3.2 Meta-analysis results

Overall, the per-allele OR of the 55M variant for CHD was
1.10 (95% CI =0.76-1.59), with corresponding results for homozygotes,
recessive and dominant models of 0.76 (95% CI = 0.46-1.27),
0.76 (95% CI = 0.46-1.26) and 1.18 (95% CI = 0.78-1.76,
respectively (Table 2). In the stratified analysis by control sources
and geographic areas, no significant associations between the
L55M polymorphism and CHD risk were detected in all genetic
models (Table 2). Furthermore, we performed the analysis by
including or excluding the HWE-violating studies. The results
suggested that the MM genetype were significantly associated
with CHD in HWE-violating studies under all recessive and
dominant models (MM vs. LL: OR = 0.40, 95%CI = 0.16-0.98;
MM vs. LL+LM: OR = 0.38, 95%CI = 0.16-0.95, Table 2, Figure 2).

3.3 Sensitivity analysis and publication bias diagnosis

Sensitivity analysis indicated that no single study influenced
the pooled OR qualitatively, suggesting that the results of this
meta-analysis are stable (Figure 3). The shape of the funnel
plot was symmetrical (Figure 4A). The Egger’s linear regression
statistical results still did not show publication bias in these
studies for L55M (t=-0.30, p=0.779, Figure 4B).

Study %
ID OR (95% CI) Weight
In HWE
Sanghera 1998 1.51(0.09, 24.45) 2.29
Wang 2003 > 3.00 (0.27, 33.63) 2.29
Wang 2011 —_— 0.95(0.48, 1.86) 50.89
Mo 2016 (Excluded) 0.00
Subtotal (I-squared = 0.0%, p = 0.644) <:> 1.06 (0.57,1.97) 5547
Not In HWE
Chi 2006 0.50(0.03,8.12) 3.84
Yang 2007 0.29 (0.06, 1.35) 16.06
Zhou 2009 043 (0.11,1.72) 18.99
Kang 2013 0.52(0.05,5.80) 5.65
Subtotal (I-squared =0.0%, p = 0.970)<>> 0.40 (0.16,0.98) 44.53
Overall (I-squared =0.0%, p = 0.647) <:> 0.76 (0.46, 1.27) 100.00
T I
.0297 1 33.6

Figure 2. The forest plot on the association between PONI1 -L55M
polymorphism and CHD susceptibility under homozygotes model.
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Table 1. Characteristics of studies included in the meta-analysis.
References Control Geographic Case  Control Cases Controls HWE Quality
sources area number number LL LM MM LL LM MM X P score
Sanghera et al. (1998) PB Beijing 120 182 111 8 1 168 13 1 1.68 0.195 8
Wang et al. (2003) HB Beijing 93 138 82 9 2 123 14 1 0.7 0.403 7
Chi et al. (2006) PB Guangdong 263 103 197 65 1 99 3 1 15.27 0 7
Yang et al. (2007) HB Hebei 151 61 126 22 3 49 8 4 10.99  0.001 8
Zhou et al. (2009) HB Sichuan 86 89 72 11 3 72 10 7 23.92 0 8
Wang (2011) HB Shanghai 437 616 317 105 15 441 153 22 3.51  0.061 8
Kang et al. (2013) HB  Guangdong 516 536 491 24 1 515 19 2 13.01 0 7
Mo et al. (2016) HB  Guangdong 160 92 156 4 0 89 3 0 0.03 0.874 8
Table 2. Association of the PON1 -L55M polymorphism and CHD susceptibility.
Analysis model n OR_ (95%CI) OR, (95%CI) P,

Myvs. L Total analysis 8 1.10 (0.76-1.59) 1.08 (0.90-1.28) 0.013

Population-based 2 2.41 (0.41-14.23) 2.73 (1.57-4.75) 0.004

Hospital-based 6 0.94 (0.78-1.14) 0.94 (0.78-1.14) 0.719

North China 3 0.91 (0.59-1.38) 0.91 (0.59-1.40) 0.489

South China 5 1.25 (0.71-2.20) 1.11 (0.92-1.35) 0.003

In HWE 4 0.98 (0.79-1.21) 0.98 (0.79-1.21) 0.927

Not in HWE 4 1.28 (0.56-2.93) 1.31 (0.95-1.79) 0.001

MM vs. LL Total analysis 7 0.76 (0.45-1.27) 0.76 (0.46-1.27) 0.647

Population-based 2 0.87 (0.12-6.24) 0.88 (0.12-6.30) 0.583

Hospital-based 5 0.75 (0.44-1.28) 0.76 (0.45-1.28) 0.420

North China 3 0.82(0.18-3.71) 0.73 (0.24-2.23) 0.229

South China 4 0.78 (0.44-1.38) 0.77 (0.44-1.37) 0.744

In HWE 3 1.05 (0.56-1.97) 1.06 (0.57-1.97) 0.644

Not in HWE 4 0.39 (0.16-0.96) 0.40 (0.16-0.98) 0.970

MM vs. LL+LM Total analysis 7 0.76 (0.45-1.26) 0.76 (0.46-1.26) 0.609

Population-based 2 0.77 (0.11-5.50) 0.79 (0.11-5.66) 0.497

Hospital-based 5 0.75 (0.44-1.29) 0.76 (0.45-1.28) 0.401

North China 3 0.82 (0.18-3.76) 0.72 (0.24-2.21) 0.223

South China 4 0.78 (0.44-1.37) 0.77 (0.44-1.36) 0.690

In HWE 3 1.06 (0.57-1.99) 1.07 (0.57-1.98) 0.648

Not in HWE 4 0.38 (0.15-0.93) 0.38 (0.16-0.95) 0.976

MM+LM vs. LL Total analysis 8 1.18 (0.78-1.76) 1.14 (0.94-1.39) 0.014

Population-based 2 2.79 (0.32-24.53) 3.13 (1.74-5.62) 0.001

Hospital-based 6 0.97 (0.78-1.20) 0.97 (0.78-1.20) 0.937

North China 3 0.94 (0.59-1.51) 0.95 (0.59-1.52) 0.865

South China 5 1.38 (0.72-2.63) 1.19 (0.96-1.48) 0.002

In HWE 4 0.96 (0.75-1.23) 0.96 (0.75-1.23) 0.978

Not in HWE 4 1.53 (0.62-3.74) 1.60 (1.13-2.26) 0.001

OR,, odds ratio; 95%CI, 95% confidence interval; P, statistical difference.

4 Discussion

Although the multifactorial nature of CHD is well known,
genetic factors are considered to be strong determinants of
these diseases (Jouki et al., 2020; Lorenzo et al., 2021; Wang
& Jin, 2021). Thus encouraging researchers to search for the
responsible genes. PON1 gene are known to determine strongly
the activity of serum paraoxonase against exogenous substances
(such as organophosphates) (Adkins et al., 1993; Sapian-
Raczkowska et al., 2010; Goswami et al., 2009; Yilmaz et al.,
2010). Thus, many association studies have reported on
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PONI -L55M polymorphism and CHD (Cascorbi et al., 1999;
Mackness et al., 2001; Watzinger et al., 2002; Likidlilid et al.,
2010; Ahmad etal., 2012). These studies have yielded apparently
conflicting results, perhaps partly because of small sample sizes,
racial or regional differences. Till now, there are two published
meta-analyses regarding PON1 -L55M polymorphisms and CHD
risk (Wheeler et al., 2004; Wang, 2011). Both of the two meta-
analyses reported that there is no significant association between
PONI -L55M polymorphism and CHD risk. No meta-analysis
has been conducted in a separate ethnic group. Therefore, we
performed this meta-analysis to assess the relationship between
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Figure 3. Sensitivity analysis to evaluate the stability of the meta-analysis.

PONT1 -L55M polymorphism and CHD risk in the Chinese
population.

Our meta-analysis involved eight studies with 1826 CHD cases
and 1817 controls. In the overall and subgroup analyses by control
sources and geographic areas, the results showed no significant
associations with CHD among all analysis models. The findings
were consistent with the previous meta-analyses (Wheeler et al.,
2004; Wang, 2011). The controls in four cohorts (Chi et al., 2006;
Yang et al., 2007; Zhou et al., 2009; Kang et al., 2013) were not
consistency with HWE (P<0.05), which contributes more than
40% of the controls included in the study. Therefore, we further
performed the analysis by including or excluding HWE-violating
studies in control groups, the results also showed no significant
association between PON1 -L55M polymorphism and CHD
risk in the studies consistent with HWE. However, we found a
significantly decreased risk association between PON1 -L55M
polymorphism and CHD risk in studies not consistent with HWE
(MM vs. LL: OR = 0.40, 95%CI = 0.16-0.98; MM vs. LL+LM:
OR =0.38,95%CI = 0.16-0.95).

Compared with the previous meta-analysis (Wheeler et al.,
2004; Wang, 2011), the present study included a larger number of
studies, which were conducted in Chinese population. In addition,
we assessed not only the effect of risk allele and CHD but also
the effects between heterozygous, and homozygous and CHD.
And the effects of gene-environment interactions with respect
to CHD risk were also conducted by the subgroup analyses.
Furthermore, we explored potential sources of heterogeneity
across studies and the possibility of publication bias. The sensitivity
analysis confirmed the reliability and stability of the meta-
analysis. Our results suggest an overestimation of the true genetic
association between PON1 -L55M polymorphism and CHD
risk in the Chinese population. However, this ethnic-specific
meta-analysis only included data from Chinese patients, and
thus, further studies are needed to assess the association in
other population. In addition, the etiology of CHD is complex
and is mediated by the activities of multiple genes. The effect of
any single gene might have a limited impact on CHD risk so far.
Finally, due to half of the included studies with HWE-violating
controls, it may affect the authenticity of the results.
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Figure 4. Publication bias assessment with (A) Begg’s funnel plot and
(B) Egger test.

In conclusion, this meta-analysis demonstrated that the
PONI -L55M polymorphism may not be associated with the
CHD risk in the Chinese population. For future association
studies, strict selection of patients and controls, larger studies
of different ethnic populations will be required to clarify the
findings.
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