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Abstract
Although many studies have investigated the association of paraoxonase 1 (PON1) 
polymorphisms with coronary artery disease (CAD). However, the outcomes were 
not consistent and remain uncertain. Therefore, it is the need of the hour to analyze 
the available literature and evaluate the association of PON1 polymorphisms with 
the CAD. All the relevant studies published in the English language from January 1, 
2000, up to September 20, 2020, were identified by searching through various elec-
tronic databases. The two researchers independently extracted the information. The 
data were analyzed by using the MetaGenyo program. The pooled odds ratio was 
used to find the associations between CAD and PON1 polymorphisms. In the final 
analysis, we include 10 studies regarding the association of PON1 polymorphisms 
(rs662 and rs854560) with CAD. Overall, the Q192R polymorphism increased the 
risk of CAD in the tested genetic models including the homozygote model: OR 1.35, 
CI 1.02–1.79; allelic model: OR 1.16, CI 1.00–1.33; dominant model: OR 1.25, CI 
1.03–1.52. The L55M polymorphism does not significantly associated with CAD 
in all the tested genetic models including the homozygote model: OR 1.00 CI, 
0.64–1.56; allelic model: OR 1.02, 95% CI 0.84–1.23; dominant model: OR 1.08, CI 
0.89–1.31. Further analysis showed no publication bias exists in meta-analysis. Our 
findings suggested that rs662 in the coding region was significantly associated with 
the CAD however, rs854560 has no significant association with the disease. Never-
theless, in future, there is a need for more studies with a larger sample size which 
may provide a more definite conclusion.
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Introduction

Cardiovascular diseases (CVDs) are the group of disorders in the two systems, the 
circulatory system and the heart. Among the CVDs, the coronary artery disease 
(CAD) is the most prevalent. Due to the atherosclerosis the constriction of blood 
vessels leads to the poor blood supply to the heart that’s why coronary artery disease 
is also known as ischemic heart disease (IHD) (Ashiq et al. 2020). Clinical manifes-
tations of coronary artery disease consist a host of chronic and acute conditions such 
as heart failure, stable angina and acute coronary syndrome (Shabana et al. 2018). In 
developing countries, its prevalence rate ranked at the top. In the South Asian coun-
tries the increasing prevalence of coronary artery disease poses a major threat and 
burden to the healthcare system (Jamee Shahwan et al. 2019). Worldwide, CVDs are 
responsible for 31% of all global mortality. Approximately 7.4 million deaths were 
reported due to the coronary artery disease (Shahid et al. 2018). According to the 
recent World Health Organization (WHO) report among the CVDs group the CAD 
represent a non-communicable killer in Pakistan (Larifla et al. 2016).

The coronary artery disease is a multifactorial disorder involving the complex 
interaction between the genetic and environmental factors (Sekhri et  al. 2014). 
There are two broad categories of the conventional risk factors modifiable and 
non-modifiable risk factors. Obesity, hypertension, diabetes mellitus and smok-
ing are the modifiable risk factors while family history, age and sex are the non-
modifiable risk factors (Matam et al. 2015).

The human paraoxonase 1 (PON1) is a calcium dependent glycoprotein which 
have a molecular weight of 44 kDa. Its initial identification was done by its abil-
ity to hydrolyze multiple organophosphates, including sarin, soman, paraoxon and 
diazoxon and arylesters (Hassan et al. 2013). It predominantly expressed in the liver, 
which is a high-density lipoprotein associated esterase that hydrolyses lipoperoxides. 
It prevents the low density lipoprotein cholesterol concentration by hydrolyzing lipid 
peroxides. The enzymatic activity of paraoxonase1 enzyme varies among the indi-
viduals. The PON1 levels in serum are low if the high density lipoprotein levels are 
also low. There are several evidences of low PON1 activity in serum in the patients 
with lipid disorders such as diabetes mellitus, myocardial infarction, atherosclerosis 
and familial hypercholesterolemia (Taşkıran et al. 2009).

To date, up to 184 single nucleotide polymorphisms (SNPs) have been 
reported five common SNPs, two within the coding sequence Q192R [rs662], 
L55M [rs854560] region, five within the promoter and one seventy six within 
gene sequence (Gupta et al. 2012).

We selected two single nucleotide polymorphisms in the PON1 gene. The 
rs854560 caused by the substitution of the adenine at the place of thymine thus 
resulting M/L polymorphism at the position 55 (Shahsavari et  al. 2020). In the 
rs662 caused by the substitution of the guanine at the place of the adenine which 
is located in exon six of the PON1 gene thus resulting Q/R SNP at 192 in protein. 
The SNPs in the PON1 gene affects the catalytic activity for various substrate 
hydrolysis and the oxidation of low density lipoprotein thus causing an increase 
in susceptibility to coronary artery disease (Ashiq et al. 2020).
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Rationale

The results of rs662 and rs854560 in PON1 gene inconsistent among different ethnic 
groups, including Asian (Ahmad et al. 2012), Turkish (Hazar et al. 2011) and Cau-
casian population (Szpakowicz et al. 2016) thus it is the need of hour to analyze the 
available literature that provides us the most conclusive results for the association of 
these two SNPs with CAD.

Objectives

The aim of the current study was to evaluate the association of genetic polymor-
phisms in PON1 gene with coronary artery disease.

Materials and Methods

In the present study, we followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses 2009 statement. The current study is registered with 
PROSPERO (PROSPERO registration number CRD42020202278). A PRISMA 
checklist is shown in Table 1.

Search Strategy

We searched all published articles in, PubMed, MEDLINE, EMBASE, Web of Sci-
ence, Ovid, and the Cochrane Library (from January 1, 2000, up to September 20, 
2020) using the following MeSH terms and keywords:, including ‘coronary artery 
disease’, ‘CAD’, ‘PON1’, ‘Paraoxonase 1’, ‘gene polymorphism’, ‘variant’, ‘geno-
type’, ‘mutation’, ‘atherosclerosis’, ‘coronary heart disease’ and ‘worldwide’. To 
avoid missing any relevant study, we have also searched the related articles manu-
ally. Finally, all the duplicates studies were not included in the final analysis.

Inclusion and Exclusion Criteria

The articles consider eligible for the inclusion when the following conditions were 
met (1) retrospective case–control studies using either a hospital based design or 
population based design (2) The full length original articles on the association of 
PON1 polymorphisms and CAD in human subjects (3) Adequate information was 
provided for estimating the statistical analysis, including odds ratio (OR). Those 
not written in English language or not provided the adequate data and not designed 
as case–control studies or designed as meta-analysis or systematic reviews, were 
excluded.
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Data Extraction

To reduce the selection bias, the authors used, predesigned data extraction table. 
Both the authors independently reviewed and extracted the data required from all 
the eligible studies. From each original article, the following data were abstracted: 
author names, year of publication, country, baseline characteristics, sample size 
(controls and cases), method, the distribution of genotypes and alleles in subjects, 
and evidence of conforming to the Hardy–Weinberg equilibrium (HWE). The 
detailed characteristics of each included study are given in Tables 2 and 3.

Quality Score Assessment

The quality of each included study was assessed by using the Newcastle–Ottawa 
Scale (NOS). The NOS ranges between 0 (worst) and 9 stars (best). Both the authors 
independently assessed the quality of articles and any disagreements were decided 
through discussion to achieve a consensus.

Statistical Analysis

The association of the PON1 polymorphism and risk of CAD was estimated by cal-
culating the pooled ORs and 95%CI. The heterogeneity among the included studies 
was calculated using the chi-squared test and I2 statistic. A fixed effect model (Man-
tel–Haenszel) was used in the absence of heterogeneity and if heterogeneity is pre-
sent then the random effect model (DerSimonian–Laird) was adopted to investigate 
the variation both from in-study and between-study. The genetic models used for 
both rs662 and rs854560 were: allelic model, homozygote model, recessive model 
and dominant model. The sensitivity test was performed to assess the stability of 
results. Publication bias was analyzed by using the funnel plot which was calcu-
lated by using the Begg’s and Egger’s tests. All statistical analysis was performed by 
using the MetaGenyo tool.

Results

Literature Search and Study Characteristics

Through a literature searching, initially 365 published articles were identified, of 
which 355 articles were excluded as they did not investigate the association of PON1 
polymorphisms with CAD. Thus, after a comprehensive literature search applying 
our inclusion criteria, 10 eligible full text published articles were included in the 
final analysis. The detailed screening process for all relevant literature is explained 
in a flow diagram shown in Fig. 1. Two studies involved Egyptian, Indian, 1 study 
involved Northern and Southern Han population and Iran whereas the other 4 studies 
were performed in European populations. Of all the 10 studies, controls of 5 studies 
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were based on hospital population and the other five were from the general popula-
tion (Table 2) (Godbole et  al. 2020; Murillo-González et  al. 2020; Fridman et  al. 
2016; Munshi et  al. 2018; El-Lebedy et  al. 2014; Birjmohun et  al. 2009; Kaman 
et al. 2009; Liu et al. 2014; Mohamed et al. 2010; Shahsavari et al. 2020). The con-
trols of 10 studies met Hardy–Weinberg equilibrium of genotype distributions. The 
detailed genotype distribution and allele frequencies were described in Table 3. All 
the included studies investigate the effect of rs662 and rs854560 genotypes on par-
aoxonase enzymatic activity (Table 4).

Association of rs662 with Coronary Artery Disease

The result of the pooled analysis of rs662 polymorphism in PON1 shows the signifi-
cant association with coronary artery disease. We chose random effects models to 

Fig. 1   Flow diagram of study selection
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merge all data based. Overall, the Q192R polymorphism increased the risk of CAD 
in all the tested genetic models (allelic model: OR 1.16, 95% CI 1.00–1.33; homozy-
gote model: OR 1.35, CI 1.02–1.79; recessive model: OR 1.18, CI 0.94–1.49; domi-
nant model: OR 1.25, CI 1.03–1.52). The main results of meta-analysis are shown in 
Fig. 2.

Fig. 2   Result analysis for rs662 association with CAD a, b, c and d showing the forest plot for genetic 
models: allelic, homozygote, recessive and dominant respectively
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Association of rs854560 with Coronary Artery Disease

The result of the pooled analysis of rs854560 polymorphism in PON1 reveals the 
non- significant association with CAD. The main results of meta-analysis are shown 
in Fig.  3. We chose random-effects models to merge all data based. Overall, the 
L55M polymorphism does not increase the risk of CAD in all the tested genetic 
models (allelic model: OR 1.02, 95% CI 0.84–1.23; homozygote model: OR 1.00, 
CI 0.64–1.56; recessive model: OR 0.89 CI, 0.58–1.37; dominant model: OR 1.08, 
CI 0.89–1.31).

Sensitivity Analysis

Sensitivity analyses revealed that after excluding each literature the overall calcu-
lated odd ratio did not change significantly, which confirmed the stability and reli-
ability of our analysis.

Publication Bias

The shapes of funnel plots do not show any apparent asymmetry in all the genetic 
models for both rs662 and rs854560 as shown in Figs.  4 and 5. The Eggers test 
also showed no statistical significant effect of the publication bias in both the tested 
SNPs. For the rs662 the p-value in all genetic models were non-significant for all 
genetic models (allelic: 0.77 homozygote: 0.57 recessive: 0.45 and dominant: 0.18). 
For the rs854560 the p-value in all genetic models were non-significant for all 
genetic models (allelic: 0.86 homozygote: 0.98 recessive: 0.88 and dominant: 0.75).

Discussion

Although several recent systematic review and meta-analysis, investigate the poten-
tial role of PON1 gene polymorphisms in coronary artery disease (Hernández-Díaz 
et al. 2016), but current analysis was the comprehensive assessment of its associa-
tion with coronary artery disease. Moreover, our systematic review also provides 
insight about the effect of PON1 polymorphism on paraoxonase enzyme levels. 
The key characteristic of paraoxonase enzyme is that it exhibits hydrolytic activity 
and plays a vital role in inhibiting the oxidation of low density lipoprotein and high 
density lipoproteins. Thus, a single nucleotide polymorphism in the PON1 gene 
can affect the catalytic activity of enzyme and hence can be associated with CAD 
(Moreno-Godínez et al. 2018).

In the present study, we selected two major SNPs (rs662 and rs854560) in the 
PON1 gene and the pooled analysis results indicated a significant association 
between rs662 and coronary artery disease. While in the present study the rs854560 
showed the non-significant association with CAD. The current study results for 
the SNP rs662 suggested that the minor allele G is significantly associated with 
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coronary artery disease and the genotypes also have the significant effect on par-
aoxonase enzyme activity. We found the association between the CAD and all the 
genetic models tested for the rs662 in the analysis.

Fig. 3   Result analysis for rs854560 association with CAD a, b, c and d showing the forest plot for 
genetic models: allelic, homozygote, recessive and dominant, respectively
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Our findings consistent with previous results reported by Shabana et al. (2018) 
and Liu et al. (2014) but contrast to those performed by the Birjmohun et al. (2009). 
Similarly a meta-analysis conducted by the Zhang et  al. in Chinese population 
showed the weak association of Q192R polymorphism in PON1 with coronary 
artery disease (Zhang et al. 2018). Our study results also in general agreement those 
performed by the Kaur et al. in Asian Indians (Kaur et al. 2018). Lawlor et al. per-
formed a meta-analysis in Caucasian populations, but they reported non-significant 
association of rs662 polymorphism in coronary artery disease (Lawlor et al. 2004). 
The results of the current study also in accordance to the meta-analysis study per-
formed by the Wang et al. (Wang et al. 2018). Zeng et al. also performed a meta-
analysis and reported the significant association of rs662 with CAD in Caucasians, 
South Asians and East Asians populations (Zeng and Zeng 2019).

We also found no association between our second SNP, i.e. rs854560 and coro-
nary artery disease. The current analysis results consistent with the meta-analysis 
performed by the Hazar et al. in Turkish population (Hazar et al. 2011). While the 

Fig. 4   Result analysis for rs662 association with CAD a, b, c and d showing the funnel plot for genetic 
models: allelic, homozygote, recessive and dominant respectively



936	 Biochemical Genetics (2021) 59:919–939

1 3

significant association of L55M polymorphism reported by the Zeng and Zeng 
(2019). Similarly the meta-analysis results reported by the Hernández-Díaz et  al. 
showed the significant association of the rs854560 polymorphism with CAD in 
European and Asian populations (Hernández-Díaz et  al. 2016). Bounafaa et  al. 
also reported that the M allele and R allele are significantly associated with coro-
nary artery disease. Furthermore, these polymorphisms also affect the paraoxonase 
enzyme catalytic activity which may prove an important marker for monitoring 
the atherosclerosis (Bounafaa et al. 2015). In addition to all the analysis, it is also 
important to assess the publication bias that may introduce false positive in a meta-
analysis study (Egger et  al. 1997). So, in order to avoid this publication bias, we 
performed Begg and Egger test on the enrolled studies and we found no significant 
bias in our study. From the current analysis results, we confirmed that subjects with 
the R allele in PON1 gene are at high risk of CAD and need to be detected early in 

Fig. 5   Result analysis for rs854560 association with CAD a, b, c and d showing the funnel plot for 
genetic models: allelic, homozygote, recessive and dominant respectively
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addition to receive the appropriate counseling in case contracting coronary artery 
disease.

Limitations

Though, the results of the present meta-analysis are quite comprehensive, however, 
there are a few study limitations also exist. First, we only select the articles that were 
published in English language and possibly this can influence the publication bias-
ness. Second, in this study, we mainly focused on the two coding region SNPs in the 
PON1 gene and were not able to evaluate the other genes association with coronary 
artery disease.

Conclusions

It is concluded that the Q192R single nucleotide polymorphism in the coding region 
was significantly associated with CAD. However, in the current study L55M showed 
non-significant role in CAD. It is suggested that there is a need for more studies with 
a larger sample size in different subgroups, which could be beneficial to get a more 
definite conclusion.
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