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Abstract

rs662 polymorphism on plasma Ox-LDL and lipid levels.

Background: Several meta-analyses have demonstrated that the rs662 polymorphism in Paraoxonase 1 gene (PONT)
gene is associated with coronary heart disease (CHD). However, it is still uncertain whether this polymorphism is
associated with the plasma levels of oxidized low-density lipoprotein (Ox-LDL) and lipids. This meta-analysis is aimed to
clarify the relationships between the rs662 polymorphism and plasma levels of Ox-LDL and lipids.

Methods: By searching in PubMed, Google Scholar, Web of Science, Cochrane Library, Wanfang, VIP and CNKI

databases, 5 studies (1369 subjects) and 85 studies (46,740 subjects) were respectively identified for Ox-LDL association
analysis and lipid association analysis. Standardized mean difference (SMD) was used to estimate the effects of the

Results: The carriers of the variant R allele had higher levels of Ox-LDL (SMD =0.23, 95% Cl=0.10-0.36, P < 0.01),
triglyceride (TG) (SMD = 0.06, 95% Cl=0.01-0.11, P=0.02), total cholesterol (TC) (SMD = 0.04, 95% Cl=0.00-0.07, P=0.
05) and low-density lipoprotein cholesterol (LDL-C) (SMD = 0.04, 95% Cl = 0.00-0.08, P = 0.04) than the non-carriers.

Conclusions: This meta-analysis suggests that the association between the PONT rs662 polymorphism and CHD may
partly be mediated by abnormal Ox-LDL and lipid levels caused by the R allele.
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Introduction

Coronary heart disease (CHD) is currently the leading
cause of death in developed and some developing countries
like China [1]. CHD is a multifactorial disease with a num-
ber of risk factors being identified in the past few decades.
Among these risk factors, the increase in circulating oxi-
dized low-density lipoprotein (Ox-LDL) and dyslipidemia
were widely reported with regard to their important roles
in the occurrence and development of CHD [2, 3].
Ox-LDL, formed by oxidative modification of low density
lipoprotein, is thought to play a key role in atherogenesis
and induce a wide range of biological effects on smooth
muscle cells. Dyslipidemia is a state of abnormal amounts
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of lipids (e.g., triglycerides, cholesterol and/or phospho-
lipids) in the blood, and is characterized by increased levels
of triglycerides (TQ), total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL-C), and/or decreased level of
high-density lipoprotein cholesterol (HDL-C) in circulation.
Intensive efforts have been made in the scientific commu-
nity to investigate the associations of the genetic polymor-
phisms in specific genes with the risk factors for CHD, but
the results were inconsistent and inconclusive. It is difficult
to successfully identify the genetic polymorphisms being as-
sociated with the risk factors for CHD due to various rea-
sons such as small sample sizes and ethnic differences.

In humans, PON has three isoforms: paraoxonase 1
(PON1), paraoxonase 2 (PON2) and paraoxonase 3 (PON3).
Among them, PON1 is a calcium-dependent multifunc-
tional enzyme that connects metabolisms of homocysteine
(Hcy) and lipoproteins. First of all, PON1 plays a key role in
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Hcy metabolism by irreversibly catalyzing the conversion of
homocysteine thiolactone (Hcy T) to Hcy. By detoxifying
Hcy T, the PON1 would protect proteins against homocys-
teinylation, a potential risk factor for CHD [4]. Secondly,
PONI is a HDL-associated enzyme that inhibits the oxida-
tion of LDL [5] and HDL [6] as well as promote cholesterol
efflux from macrophage foam cells [7]. PON1 has been re-
ported to be associated with abnormal lipid levels and CHD
risk [8, 9]. Shih et al. [10] reported that PON1 (-/-) mice
had significantly higher levels of plasma Ox-LDL and
Ox-HDL compared with PON1 (+/+) mice. When fed on a
high-fat diet, PON1 (-/-) mice were more susceptible to
atherosclerosis than PON1 (+/+) mice.

The PONI gene is located on the long arm of human
chromosome 7 (7q21.3-22.1), and it contains 9 exons and
8 introns. There are several polymorphisms in the PONI
gene. The rs662 polymorphism (also known as Q192R) is
located in exon 6 of the PON1I gene and formed by a tran-
sition from adenine (A) to guanine (G). Accordingly, the
192th genetic code is changed from CAA to CGA, result-
ing in the replacement of glutamine (Gln) by arginine
(Arg) in the PONI polypeptide. A large number of re-
searches have investigated the associations of the rs662
polymorphism with plasma Ox-LDL and lipid levels. In
some of these studies, the R allele of the rs662 polymorph-
ism was reported to be associated with increased levels of
Ox-LDL [11, 12], TG [9, 13, 14], TC [8, 9, 15] and LDL-C
[8, 9, 15-17], and reduced levels of HDL-C [18-20]. How-
ever, the results obtained from other studies did not sup-
port these findings [21-23]. Hence, a meta-analysis is
required to clarify the relationships of the rs662 poly-
morphism with Ox-LDL and lipids.

In this study, a systematic review and meta-analysis
was performed based on previous publications to investi-
gate the associations of the rs662 polymorphism with
Ox-LDL and lipid levels. Our analysis results can pro-
vide an opportunity to unveil the interrelationships
among the rs662 polymorphism, Ox-LDL, dyslipidemia
and susceptibility to CHD.

Methods

Literature search

The articles published until September 2018 on the
associations of the rs662 polymorphism with circulat-
ing Ox-LDL and lipid levels were identified. The lan-
guages of the articles were limited to English and
Chinese. A comprehensive search was conducted and
nine electronic databases were searched to identify all
relevant articles. The databases were as follows:
PubMed, Embase, Baidu Scholar, Google Scholar,
Web of Science, Cochrane Library, Wanfang, CBM
and CNKI. The following keywords were used: (“Para-
oxonase 1”7 or “PON1”), (“Q192R” or “rs662” or
“GIn192Arg”), (“polymorphism” or “mutation” or
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“variant”), (“Ox-LDL” or “oxidized low-density lipo-
protein”) and (“plasma lipid” or “blood lipid” or
“serum lipid”).

Inclusion and exclusion criteria

The inclusion criteria for the meta-analysis are as fol-
lows: 1) studies which presented the genotype and allele
frequencies of the rs662 polymorphism; 2) studies in
which mean Ox-LDL and mean lipids with standard de-
viation (SD) or standard error (SE) according to the
rs662 genotypes were available; 3) studies which re-
ported at least one of the five variables, ie., Ox-LDL,
TG, TC, LDL-C and HDL-C. All references cited by the
included articles were reviewed to check the published
work which was not indexed by PubMed, Embase, Baidu
Scholar, Google Scholar, Web of Science, Cochrane Li-
brary, Wanfang, CBM and CNKI. Reports with incom-
plete data, studies based on pedigree data, case reports,
review articles, abstracts and animal studies were ex-
cluded from the meta-analysis. Pre-intervention data
were used for interventional studies.

Data extraction

Data were extracted from each study by using a structured
data collection form and by two investigators independ-
ently according to the pre-specified selection criteria. De-
cisions were compared and disagreements about study
selection were resolved by consensus or involving a third
investigator. For the overlapping articles, only the publica-
tions that presented the most detailed information were
included. In this meta-analysis, the data extracted from
each of the included studies are as follows: first author,
year of publication, age, ethnicity, gender, health status,
type of study, lipid assay method, sample size, and mean
with SD or SE according to the rs662 genotypes. If data in
a study were unconvincing, we attempted to contact the
corresponding or first author by e-mail or telephone.

Data analysis

Statistical analysis was performed using STATA version
12.0 (Stata Corporation LP, College Station, TX, USA). All
the tests were two-sided and a P-value of less than 0.05 for
any test or model was considered to be statistically signifi-
cant. The pooled standardized mean difference (SMD) with
95% confidence interval (CI) was used to assess the
strength of the associations between the rs662 polymorph-
ism and plasma levels of Ox-LDL and lipids.
Random-effect model (DerSimonian-Laird method) was
used to evaluate the results if heterogeneity among the in-
cluded studies was significant (P >50%). Otherwise,
Fixed-effect model (Mantel-Haenszel method) was used
[24]. Heterogeneity was investigated by Cochran’s y*-based
Q-statistic, and Galbraith plots were used to detect the po-
tential sources of heterogeneity. SMD values were
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recalculated after excluding the studies with heterogeneity.
Subgroup analyses were performed according to gender,
ethnicity and health status. Ethnic subgroup was defined as
Caucasian, Asian, African, and the subjects of other ethnic
origin. Health status was defined as CHD, T2DM and
Hyperlipidemia. HWE was assessed by Fisher’s exact test.
Publication bias was tested by Begg’s funnel plot and
Egger’s test [25].

Result

Characteristics of the included studies

Initial search of the databases yielded 2481 articles.
Two thousand one hundred and eighty-five studies
were excluded according to titles and abstracts. Then
full-text articles were retrieved and assessed on the
basis of the inclusion criteria. Forty studies were in-
eligible for the following reasons: 28 studies presented
data for other polymorphisms, 4 studies had subjects
overlapping with other publications, 5 studies were
based on pedigree analysis, and 3 studies were treated
with lipid-lowering drugs. In the end, 85 studies were
selected for this meta-analysis (Fig. 1). Of them, 5
studies (1369 subjects) were included in the Ox-LDL
association analysis and 85 studies (46,740 subjects)
were included in the lipid association analysis. The
references for the studies included in the present
meta-analysis were listed in Additional file 1.

The characteristics of the studies included in the
Ox-LDL and lipids association analysis were summarized
in Additional file 2: Table S1. The plasma Ox-LDL levels
by the genotypes of the rs662 polymorphism were
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presented in Additional file 2: Table S2. One study and 4
studies were involved in Caucasians and Asians, respect-
ively. The plasma lipid levels by the genotypes of the
rs662 polymorphism were presented in Additional file 2:
Table S3. Forty-three studies, 25 studies, 5 studies and
12 studies were involved in Caucasians, Asians, Africans
and the subjects of other ethnic origins, respectively.

Association of the rs662 polymorphism with ox-LDL

The carriers of the variant R allele had higher levels of
Ox-LDL (SMD=0.23, 95% CI=0.10-0.36, P< 0.01)
(Table 1, Fig. 2) than the non-carriers. When the analysis
was limited to the studies in HWE, the association between
the rs662 polymorphism and Ox-LDL was also significant
(SMD =0.32, 95% CI = 0.12-0.53, P < 0.01) (Table 1).

The subgroup analyses stratified by the characteristics
of the subjects were performed, and the results showed
that the rs662 polymorphism was significantly associated
with Ox-LDL levels in Asians and CHD patients (Table 1).

Associations of the rs662 polymorphism with plasma lipid
levels

The outcomes of the analysis on all comparisons
showed that the R allele carriers had higher levels of
TG (SMD=0.06, 95% CI=0.01-0.11, P=0.02), TC
(SMD =0.04, 95% CI =0.00-0.07, P=0.05) and LDL-C
(SMD =0.04, 95% CI=0.00-0.08, P=0.04) than the
non-carriers (Table 2, Figs. 3, 4 and 5), and that there
was no association detected between the rs662 poly-
morphism and plasma levels of HDL-C (SMD = -0.01,
95% CI = -0.05-0.04, P = 0.68) (Table 2, Fig. 6). When
the analysis was limited to the studies in HWE, the R

2481 records identified
through database searching

No additional records identified
through other sources

|

2

2310 records after
duplicates removed

2185 records excluded by title and abstract:
-studies not related to research

125 full-text articles
assessed for eligibility

topics (N=1963)
-Reviews (N=128)
-Studies not on human beings (N=94) o

40 full-text articles excluded due to: ™
-Data on other polymorphisms (N=28)
-Studies with overlapping population (N=4)
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quantitative synthesis
(meta-analysis)

5 studies for Ox-
LDL analysis

Fig. 1 Flow diagram of the study selection process

[ Included ] { Eligibility ] { Screening J {Identiﬁcation]

85 studies for lipid

analysis

-Data based on pedigree analysis (N=5)
-Studies treated with lipid-lowering drug
\(N=3)




Luo et al. Lipids in Health and Disease (2018) 17:281 Page 4 of 13
Table 1 Meta-analysis between the PONT rs662 polymorphism and Ox-LDL levels
Groups or subgroups Comparisons (Subjects) SMD (95% Cl) Pheterogeneity Psmo
Ox-LDL
All 13 (1369) 0.23 (0.10-0.36) <001 <001
Studies in HWE 3 (426) 032 (0.12-0.53) <001 <001
Caucasian 2 (345) —0.16 (- 0.37-0.06) 0.34 0.15
Asian 11 (1024) 044 (0.28-0.60) <001 <001
CHD 3(274) 039 (0.12-0.66) <001 <001
Healthy or control 4 (518) 0.03 (-0.16-0.22) 063 0.74

PONT Paraoxonase 1 gene, SMD standardized mean difference, 95% Cl 95% confidence interval, HWE Hardy-Weinberg equilibrium, Ox-LDL oxidized low density

lipoprotein, CHD coronary heart disease

allele carriers had higher level of TG (SMD = 0.06, 95%
CI=0.00-0.12, P =0.04) and LDL-C (SMD = 0.04, 95% CI
=0.00-0.09, P =0.04) than the non-carriers (Table 2). No
associations were found between the rs662 polymorphism
and plasma levels of TC (SMD=0.03, 95% CI=-
0.01-0.07, P =0.13) and HDL-C (SMD = - 0.01, 95% CI =
-0.05-0.04, P =0.78) (Table 2).

Then the subgroup analysis stratified by the character-
istics of the subjects was performed. The significant as-
sociation of the rs662 polymorphism with higher levels
of LDL-C (SMD=0.26, 95% CI=0.01-0.51, P=0.04)
was detected in the females, but not in the males. The
significant associations of the rs662 polymorphism with
higher levels of TG (SMD =0.12, 95% CI = 0.00-0.23, P
=0.04), TC (SMD =0.14, 95% CI=0.05-0.24, P< 0.01)
and LDL-C (SMD =0.13, 95% CI=0.01-0.26, P =0.04)

were detected in Asians, but not in the other ethnicities.
When health status was taken into account, the signifi-
cant association of the rs662 polymorphism with higher
levels of TG was detected in CHD patients and T2DM
patients, but not in hyperlipidemia patients and healthy
subjects; the significant association of the rs662 poly-
morphism with higher levels of TC (SMD =0.07, 95%
CI=0.01-0.14, P=0.04) was only detected in healthy
subjects, but not in CHD patients, T2DM patients and
hyperlipidemia patients; furthermore, association of the
rs662 polymorphism with higher levels of LDL-C was
detected in T2DM patients and healthy subjects, but not
in CHD patients and hyperlipidemia patients; continu-
ously, association of the rs662 polymorphism with lower
levels of HDL-C (SMD = - 0.06, 95% CI = - 0.12--0.01, P
=0.02) was only detected in CHD patients, but not in

Study %
D SMD (95% Cl) Weight
;
Qian QW1 (2003) e 062 (0.14,1.11) 6.93
Qian QW2 (2003) —é—o— 0.65 (-0.03, 1.34) 3.51
Qian QW3 (2003) —o——é— -0.17 (-0.90, 0.55) 314
Qian QW4 (2003) ——04:— 0.14 (-0.30, 0.58) 8.55
Qian SH1 (2003) —-—é— 0.00 (-0.61, 0.61) 4.44
Qian SH2 (2003) ——,Lo— 0.40 (-0.28, 1.07) 3.57
Qian SH3 (2003) —4—?— 0.07 (-0.52, 0.66) 468
Qian SH1 (2006) ——o*:— 0.16 (-0.33, 0.65) 6.81
Qian SH2 (2006) —;—4— 0.49 (0.01, 0.97) 7.19
Qian SH3 (2006) ——-:v— 0.22 (-0.21, 0.66) 8.51
Lakshmy R1(2010) — i -0.31(-0.68, 0.07) 1.72
Lakshmy R2 (2010) —+—E -0.08 (-0.35, 0.18) 2353
Zhang CH (2016) i ——— 1.72(1.25,2.19) 7.42
Overall (I-squared = 79.8%, p = 0.000) <> 0.23 (0.10, 0.36) 100.00
Y
i
i
T T
219 0 2.19
Fig. 2 Forest plot of the meta-analysis between the PONT rs662 polymorphism and circulating oxidized low-density lipoprotein (Ox-LDL) levels
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Table 2 Meta-analysis between the PONT rs662 polymorphism and plasma lipid levels

Groups or subgroups Comparisons (Subjects) SMD (95% Cl) Phieterogeneity Psmo
TG
All 91 (24,704) 0.06 (0.01-0.11) <0.01 0.02
Studies in HWE 64 (20,340) 0.06 (0.00-0.12) <001 0.04
Male 5(3322) —0.01 (- 0.26-0.24) <0.01 0.93
Female 6 (1210) 0.10 (-0.04-0.25) 0.73 0.15
Caucasian 32 (11,555) 0.06 (—0.01-0.13) <001 0.08
Asian 35 (7659) 0.12 (0.00-0.23) <0.01 0.04
African 6 (1880) 0.03 (-0.09-0.15) 0.94 0.58
Other ethnicity 18 (3610) —0.00 (-0.10-0.10) 0.02 0.98
CHD 16 (3912) 0.10 (0.04-0.17) <0.01 <001
T2DM 10 (1715) 0.18 (0.07-0.28) 0.03 <001
Hyperlipidemia 3 (296) —0.13 (- 043-0.17) 0.66 0.39
Healthy or control 36 (8693) 0.03 (-0.02-0.08) 030 022
TC
All 103 (33,696) 0.04 (0.00-0.07) < 001 0.05
Studies in HWE 75 (27,792) 0.03 (-0.01-0.07) < 001 0.13
Male 5(4354) —0.03 (- 0.09-0.03) 0.58 0.26
Female 4(914) 0.19 (-0.03-0.40) 0.24 0.09
Caucasian 46 (19,714) 0.01 (-0.03-0.05) 0.01 0.65
Asian 36 (7869) 0.14 (0.05-0.24) <0.01 <001
African 3(1051) 0.10 (-0.15-0.35) 022 042
Other ethnicity 18 (5062) —-0.02 (- 0.10-0.07) 0.07 0.68
CHD 19 (5995) 0.01 (-0.05-0.06) 0.58 0.84
T2DM 12 (2213) 0.12 (-0.04-0.28) <001 0.14
Hyperlipidemia 3 (296) —0.16 (- 0.46-0.14) 0.75 0.29
Healthy or control 40 (11,168) 0.07 (0.01-0.14) < 001 0.04
LDL-C
All 94 (34,757) 0.04 (0.00-0.08) < 001 0.04
Studies in HWE 73 (31,416) 0.04 (0.00-0.09) <001 0.04
Male 4 (1570) 0.10 (-0.22-0.02) 0.72 0.08
Female 4(914) 0.26 (0.01-0.51) 0.12 0.04
Caucasian 41 (21,056) 0.01 (-=0.03-0.05) 0.01 049
Asian 31 (7034) 0.13 (0.01-0.26) < 001 0.04
African 4 (1605) 0.12 (-0.17-0.40) 0.02 043
Other ethnicity 18 (5062) 0.02 (-0.08-0.12) 0.01 0.69
CHD 16 (5148) —-0.01 (- 0.06-0.05) 045 0.85
T2DM 8 (1446) 0.36 (0.03-0.69) < 001 0.03
Hyperlipidemia 4 (399) —0.09 (- 0.34-0.16) 0.56 048
Healthy or control 39 (12,230) 0.06 (0.00-0.13) <001 0.05
HDL-C
All 116 (40,336) —0.01 (-0.05-0.04) < 001 0.68
Studies in HWE 87 (34,743) —0.01 (- 0.05-0.04) < 001 0.78
Male 7 (3729) 0.03 (-0.05-0.11) 0.28 051

Female 7 (2724) —-0.01 (- 0.09-0.07) 0.63 0.78
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Table 2 Meta-analysis between the PONT rs662 polymorphism and plasma lipid levels (Continued)

Groups or subgroups Comparisons (Subjects) SMD (95% Cl) Phieterogeneity Psmo
Caucasian 54 (26,409) —0.03 (- 0.08-0.02) < 001 0.22
Asian 35 (7802) 0.08 (-0.06-0.22) <0.01 0.25
African 8 (2180) —0.01 (- 0.17-0.14) 0.09 0.90
Other ethnicity 19 (3945) —0.02 (- 0.12-0.09) <0.01 0.76
CHD 18 (5355) —0.06 (- 0.12-—0.01) 0.01 0.02
T2DM 13 (2328) -0.01 (- 0.09-0.08) 0.62 091
Hyperlipidemia 3 (296) 0.11 (-0.19-041) 0.55 048
Healthy or control 47 (15,342) 0.02 (-0.01-0.06) < 0.01 0.21

PON1 Paraoxonase 1 gene, SMD standardized mean difference, 95% Cl 95% confidence interval, HWE Hardy-Weinberg equilibrium, TG triglyceride, TC total
cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, CHD coronary heart disease, T2DM type 2 diabetes mellitus

T2DM patients, hyperlipidemia patients and healthy
subjects (Table 2).

Heterogeneity analysis

In the Ox-LDL association analysis, there was significant
heterogeneity in the analysis with all comparisons (I =
79.8%, Pheterogencity < 0.01). Two comparisons (Lakshmy
R1 2010, Zhang CH 2016) were identified as the main
contributors to the heterogeneity by using Galbraith
plot. The SMD value and 95% CI (SMD =0.17, 95% CI
=0.03-031, Pheserogencity =027, Pspp=0.02) did not
change substantially after excluding these outlier
comparisons.

In the lipids association analysis, there was significant
heterogeneity in the total comparisons for TG (I° = 58.2%,
Pheterogeneity < 001)’ TC (12 = 44'5%1 Phetemgeneity < 0'01))
LDL-C (F = 55.2%, Pheterogencity < 0.01) and HDL-C (I =
69.8%, Preterogeneity < 0.01). Nine comparisons, 9 compari-
sons, 10 comparisons and 14 comparisons were respect-
ively identified as the main contributors to the
heterogeneity for TG, TC, LDL-C and HDL-C by using
Galbraith plots. The SMD value and 95% CI of TG (SMD
=0.03, 95% CI=0.00-0.06, Pheterogencity=0.87, Psyp =
0.03), LDL-C (SMD = 0.02, 95% CI = 0.00-0.05, Ppererogene-
ity = 0.54, Pgpp =0.05) and HDL-C (SMD =0.01, 95% CI
=-0.02-0.04, Ppererogencity =0.09, Pspp=042) did not
change substantially after excluding these outlier compari-
sons. However, The SMD values and 95% CIs of TC
(SMD =0.01, 95% CI=-0.02-0.04, Pererogencity = 0.17,
Pspp=0.54) changed significantly after excluding these
outlier comparisons.

Publication bias test

Begg’s test and Egger’s test were used to evaluate the
publication bias of the included studies, and no publica-
tion bias was detected.

Discussion
Several meta-analyses [26—29] demonstrated that the R
allele of rs662 polymorphism in PONI is significantly

associated with increased risk of CHD, but the under-
lying mechanisms have not yet been clarified. In the
present study, we found that the R allele of the rs662
polymorphism is significantly associated with increased
levels of Ox-LDL, TG, TC and LDL-C, but there is no
effect of the rs662 polymorphism on HDL-C was ob-
served. It suggests that the association between the
rs662 polymorphism and CHD may partly be mediated
by high Ox-LDL levels as well as abnormal lipid levels
caused by the variant R allele.

Dyslipidemia is closely associated with the progression
of coronary atherosclerosis, and it accounts for around
50% of the population-attributable risk of CHD [30]. Ac-
cording to the 2013 ACC/AHA blood cholesterol guide-
lines [31] and the Adult Treatment Panel III (ATP III)
Guidelines [32] of the United States, LDL-C was consid-
ered as the major cause of CHD and used as the primary
target for therapy, and the other lipid parameters were
used as the secondary or supplementary targets. Studies
have shown that Ox-LDL was an independent risk factor
for CHD [33, 34], and the underlying mechanisms pos-
sibly involved in promoting foam cells formation [35] and
increasing endothelial injury [36], oxidative stress [37],
and vascular inflammation [38].

Several possible reasons could be proposed to explain the
association between the rs662 polymorphism and circulat-
ing Ox-LDL level. At first, PON1 play a major role in
hydrolyzing Ox-LDL [39, 40], and the decreased levels of
PONT1 activity may lead to increase the circulating levels of
Ox-LDL. Secondly, the decreased levels of PON1 activity
might reduce the capacity of PON1-mediated inhibition of
LDL-C oxidation [41, 42], which also leads to increase
levels of circulating Ox-LDL [43]. In this meta-analysis, sig-
nificantly higher levels of TG, TC and LDL-C were detected
in the R carriers comparing with the subjects with the QQ
genotype. The mechanisms in which the rs662 polymorph-
ism modulates plasma lipid levels have not been clarified
yet. One explanation could be that the rs662 polymorphism
indirectly affects plasma lipid levels through the mediation
of Ox-LDL. As mentioned above, increased Ox-LDL levels
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Fig. 3 Forest plot of the meta-analysis between the PONT rs662 polymorphism and plasma triglycerides (TG) levels
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Study
ID

SMD (95% Cl) Weight
Ruiz J (1995) —_—— 0.05 (-0.14, 0.24) 1.61
Antikainen M (1996) —_—— 0.08 (-0.12, 0.28) 1.51
Suehiro T (1996) _.—_[:0_ 0.24 (-0.24, 0.71) 0.48
Odawara M (1997) -0.18 (-0.60, 0.24) 0.59
Sanghera DK1 (1997) —_—— -0.07 (-0.33, 0.20) 1.15
Sanghera DK2 (1997) —_—— 0.06 (-0.18, 0.31) 122
Ombres D (1998) —— 0.11 (-0.07, 0.29) 167
Ko YL (1998) —_— 0.03 (-0.36, 0.41) 0.67
Hasselwander O (1999) — 0.00 (-0.31, 0.31) 0.94
Singh S (1999) —_—— 0.07 (-0.24, 0.39) 0.90
Dessi M (1999) e -0.07 (-0.35, 0.21) 1.05
Pfohl M (1999) —— 0.00 (-0.23, 0.23) 132
MacKness B1'(2000) 0.12 (-0.19, 0.42) 0.94
MacKness B2 (2000) | —— 0.39 (0.09, 0.68) 1.00
Aubo C (2000) | -0.16 (-0.34, 0.02) 1.66
Imai Y (2000) —— 0.14 (-0.17, 0.45) 0.93
Gardemann A (2000) - 0.00 (-0.07, 0.07) 254
Sen-Banerjee S1 (2000) —— 0.00 (-0.18, 0.18) 169
Sen-Banerjee S2 (2000) —— -0.05 (-0.22, 0.12) 173
Turban S1°(2001) —— -0.11 (-0.40, 0.18) 1.00
Turban S2 (2001) —_—— 0.09 (-0.21, 0.39) 0.97
Liu R1 (2001) —_————— -0.02 (-0.44, 0.41) 0.58
Liu R2 (2001) :r—o— 0.15 (-0.28, 0.59) 0.55
Tomas M (2001) | -0.13(-0.29, 0.02) 1.88
Koch M (2001) —_—— -0.06 (-0.26, 0.13) 153
Yamada A (2001) —————— 0.15 (-0.24, 0.54) 0.65
Liu R1 (2002) —_——— -0.16 (-0.61, 0.29) 0.53
Liu R2 (2002) —e 0.15 (-0.28, 0.59) 0.55
Kuremoto K (2002) B —— — -0.25 (-0.61, 0.11) 0.75
Qian QW1 (2003) ——— 0.48 (-0.00, 0.97) 047
Qian QW2 (2003) - 0.63 (-0.06, 1.31) 0.26
Qian QW3 (2003) 0.01(-0.71, 0.73) 0.23
Qian QW4 (2003) ——— -0.02 (-0.46, 0.42) 0.55
Qian SH1 (2003) ———— 0.01 (-0.60, 0.62) 0.32
Qian SH2 (2003) +——t- 0.31(-0.37, 0.98) 0.26
Qian SH3 (2003) — -0.02 (-0.61, 0.58) 0.33
Ueno T (2003) —_—t— -0.14 (-0.48, 0.19) 0.84
Hu Y (2003) ! 84 (0.43, 1.25) 0.61
Xiao ZJ (2004) —_—— -0.04 (-0.26, 0.18) 1.40
Agachan B1 (2004) -0.16 (-0.44, 0.11) 1.09
Agachan B2 (2004) 0.40 (-0.00, 0.81) 0.63
Li SY (2004) 0.15 (-0.21, 0.51) 0.75
Oliveira SA (2004) —— -0.15 (-0.30, -0.01) 1.94
Xiao ZJ (2005) —_—— -0.01 (-0.19, 0.17) 1.67
Qian SH1 (2006) x 0.12 (-0.37, 0.61) 0.46
Qian SH2 (2006) 0.07 (-0.40, 0.55) 0.49
Qian SH3 (2006) —— 0.03 (-0.41, 0.47) 0.55
Aydin M1 (2006) ——— 0.04 (-0.56, 0.63) 0.33
Aydin M2 (2006) ——— 0.07 (-0.36, 0.50) 0.57
Manresa JM (2006) - -0.09 (-0.19, 0.02) 229
Huang Q (2006) e e 0.24 (-0.30, 0.77) 0.40
Juretic D1 (2006) e —— -0.01(-0.42, 0.39) 0.62
Juretic D2 (2006) | 0.54 (0.10, 0.98) 0.54
Juretic D3 (2006) +o- 0.06 (-0.72, 0.83) 0.20
Juretic D4 (2006) B — ] -0.08 (-0.52, 0.36) 0.55
van den Berg SW (2007) —_—— 0.03 (-0.13, 0.20) 1.79
Irace C1 (2007) ————— 0.20 (-0.16, 0.57) 0.74
Irace C2 (2007) -0.45 (-0.95, 0.06) 0.44
Irace C3 (2007) - -0.48 (-1.03, 0.08) 0.37
Irace C4 (2007) —_— 0.53 (0.04, 1.03) 0.46
Lahiry P (2007) —— 0.10 (-0.02, 0.23) 213
Fu R(2008) —— -0.02 (-0.32, 0.28) 0.97
Garcés C (2008) —— -0.01 (-0.12, 0.10) 225
Guxens M (2008) - 0.06 (-0.03, 0.14) 2.49
Regieli JJ (2009) —— -0.08 (-0.22, 0.06) 2.00
Porntadavity S (2009) —_— 0.10 (-0.34, 0.54) 0.54
Aydin M (2009) —— 0.20 (-0.03, 0.43) 1.35
Gluba A (2010) — -0.11(-0.30, 0.09) 157
Mohamed RH (2010) —_—— 0.59 (0.24, 0.94) 0.78
Likidlilid A1 (2010) —thee -0.30 (-0.84, 0.23) 0.40
Likidlilid A2 (2010) —_— -0.16 (-0.62, 0.30) 0.51
Chen XJ (2010) B e 0.13 (-0.30, 0.56) 0.56
Altuner D1 (2011) —ti—— -0.15 (-0.56, 0.26) 0.61
Altuner D2 (2011) 0.79 (0.12, 1.46) 0.27
Trenk D (2011) —— -0.03 (-0.17, 0.12) 1.98
Vaisi-Raygani A1 (2011) —_—— 0.05 (-0.19, 0.28) 129
Vaisi-Raygani A2 (2011) —_— -0.06 (-0.42, 0.31) 0.73
Wang Y1 (2012) 0.09 (-0.22, 0.41) 0.90
Wang \|:2 ((2201 22)) - 0.223(20.07, 0.51) ) 1.00
Moura LM (201 —— -0.43 (-0.74, -0.11 0.90
Murugan MM1 (2012) —_— -0.10 (-0.32, 0.13) 1.35
Murugan MM2 (2012) —_—— 0.00 (-0.22, 0.22) 1.41
Kucuk ST1 (2012) ——— -0.07 (-0.42, 0.27) 0.81
Kucuk ST2 (2012) —_— -0.20 (-0.59, 0.18) 0.68
Hassan MA (2013) | —— 0.34 (0.07, 0.60) 1.14
Fekih O1 (2014) L — 0.21 (-0.24, 0.67) 0.51
Fekih 02 (2014) —tr—— 0.39 (-0.11, 0.89) 0.44
Shao ZY (2014) —_—— -0.26 (-0.49, -0.03) 1.32
Macharia M (2014) —— -0.03 (-0.22, 0.15) 163
Bounafaa A (2015) —_—— 0.13(-0.14, 0.41) 1.08
Alegria-Torres JA (2015) —I—O— 0.14 (-0.24, 0.51) 0.71
Scherrer DZ (2015) —_— -0.13(-0.34, 0.08) 1.47
Kolesnikova LI1 (2015) —_— -0.07 (-0.58, 0.44) 0.43
Kolesnikova LI2 (2015) g 0.04 (-0.62, 0.71) 0.27
Liang X1 (2016) I —e———— 1.11(0.64, 1.58) 0.49
Liang X2 (2016) 1 —_— 0.81(0.30, 1.31) 0.44
Liang X3 (2016) | ——e 0.77 (0.16, 1.39) 0.31
Zhang CH (2016) —— 0.53 (0.12, 0.94) 0.61
Szpakowicz A (2016) —— 0.02 (-0.14, 0.17) 1.86
Fridman O1 (2016) —_—— -0.17 (-0.53, 0.19) 0.75
Fridman 02 (2016) —_—— 0.17 (-0.11,'0.45) 1.06
Alharbi KK (2016) —— 0.05 (-0.15, 0.26) 151
Martinez-Quintana E (2017) —— -0.04 (-0.22, 0.13) 1.74
Overall (I-squared = 44.5%, p = 0.000) f? 0.04 (-0.00, 0.07) 100.00
NOTE: Weights are from random effects analysis II I
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Fig. 4 Forest plot of the meta-analysis between the PONT rs662 polymorphism and plasma total cholesterol (TC) levels
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Study %
D SMD (95% Cl) Weight
Antikainen M (1996) —— 0.00 (-0.20, 0.20) 156
Suehiro T (1996) —— 0.20 (-0.27, 0.68) 0.56
Sanghera DK1 (1997) —— -0.04 (-0.30, 0.22) 123
Sanghera DK2 (1997) —_—— 0.05 (-0.20, 0.30) 1.31
Ombres D (1998) —— 0.09 (-0.09, 0.27) 1.70
Ko YL (1998) —— 0.07 (-0.32, 0.45) 0.77
Hasselwander O (1999) —— 0.02 (-0.29, 0.32) 1.03
Singh S (1999) —_—— 0.04 (-0.27, 0.36) 1.00
Dessi M (1999) —_—— -0.03 (-0.31, 0.25) 1.14
Pfohl M (1999) —— 0.01 (-0.22, 0.24) 1.39
MacKness B1'(2000) —— -0.02 (-0.33, 0.29) 1.03
MacKness B2 (2000)  —— 0.37 (0.08, 0.67) 1.09
Aubé C (2000) —OJ-‘ -0.14 (-0.33, 0.04) 169
Imai Y (2000) —_—— 0.09 (-0.22, 0.40) 1.02
Turban S1(2001) —_—— 0.00 (-0.29, 0.29) 1.10
Turban S2 (2001) —_—— -0.04 (-0.34, 0.26) 1.06
Liu R1(2001) —+—_[-'-_*_ -0.32(-0.75, 0.11) 0.66
Liu R2 (2001) 0.37 (-0.07, 0.81) 0.63
Tomas M (2001) —— -0.11(-0.26, 0.05) 1.87
Koch M (2001) = 0.00 (-0.20, 0.20) 1.58
Liu R1 (2002) ——— 0.13 (-0.33, 0.58) 0.61
Liu R2 (2002) T 0.38 (-0.06, 0.82) 0.63
Qian QW1 (2003) —_— -0.13(-0.61, 0.35) 0.55
Qian QW2 (2003) —_— -0.01(-0.69, 0.66) 0.31
Qian QW3 (2003) S a—— -0.01(-0.73,0.71) 0.28
Qian QW4 (2003) —_— | -0.58 (-1.02, -0.13) 0.62
Qian SH1 (2003) B 0.02 (-0.59, 0.63) 0.37
Qian SH2 (2003) —_—t 0.14 (-0.53, 0.82) 0.31
Qian SH3 (2003) _— 0.06 (-0.53, 0.65) 0.39
Hu'Y (2003) 1 —— 0.61(0.21, 1.02) 0.71
Xiao ZJ (2004) —— 0.00 (-0.22, 0.22) 1.47
Agachan B1 (2004) —— -0.33 (-0.60, -0.05) 1.17
Agachan B2 (2004) —L e 0.24 (-0.16, 0.65) 0.72
Srinivasan SR1 (2004) -0.02 (-0.13, 0.09) 2.15
Srinivasan SR2 (2004) —_—— -0.15(-0.41, 0.11) 1.25
Oliveira SA (2004) —— -0.12 (-0.27, 0.03) 1.92
Xiao ZJ (2005) - 0.00 (-0.18, 0.18) 1.70
Blatter Garin MC1 (2005) —— 0.10 (-0.05, 0.25) 1.92
Blatter Garin MC2 (2005) —— 0.24 (-0.04, 0.52) 1.14
Qian SH1 (2006) ——— -0.02 (-0.51, 0.47) 0.53
Qian SH2 (2006) [ — 0.48 (0.00, 0.96) 0.56
Qian SH3 (2006) — 0.03 (-0.41, 0.47) 0.64
Aydin M1 (2006) _O-h— -0.08 (-0.68, 0.51) 0.39
Aydin M2 (2006) —_— 0.75 (0.30, 1.19) 0.62
Manresa JM (2006) - -0.05 (-0.15, 0.06) 2.19
Huang Q (2006) —_— -0.25 (-0.79, 0.28) 0.47
Juretic D1 (2006) ———ti— -0.20 (-0.61, 0.20) 0.71
Juretic D2 (2006) | —— 0.74 (0.29, 1.19) 0.61
Juretic D3 (2006) —- 0.30 (-0.47, 1.08) 0.24
Juretic D4 (2006) ——— 0.05 (-0.39, 0.49) 0.63
van den Berg SW (2007) — 0.04 (-0.13, 0.20) 1.80
Lahiry P (2007) - 0.08 (-0.04, 0.21) 207
Fu R (2008) —_—— -0.03(-0.33, 0.27) 1.06
Garcés C (2008) - 0.00 (-0.11, 0.11) 2.16
Guxens M (2008) - 0.06 (-0.02, 0.15) 2.33
Regieli JJ (2009) —— -0.13(-0.27, 0.01) 197
Porntadavity S (2009) —— -0.05 (-0.49, 0.39) 0.63
Birjmohun RS (2009) -+ 0.02 (-0.05, 0.09) 2.39
Aydin M (2009) —— 0.26 (0.03, 0.48) 141
Gluba A (2010) —_—— 0.07 (-0.12, 0.27) 162
Mohamed RH (2010) —— 0.67 (0.32, 1.01) 0.87
Likidlilid A1 (2010) —_— -0.35(-0.89, 0.18) 0.46
Likidlilid A2 (2010) e -0.18 (-0.64, 0.28) 0.59
Chen XJ (2010) ! ——> 151 (1.05, 1.96) 0.60
Altuner D1 (2011) Lt —— 0.36 (-0.06, 0.77) 0.69
Altuner D2 (2011) —_— 0.48 (-0.17, 1.14) 0.33
Vaisi-Raygani A1 (2011) —_—— 0.01(-0.22, 0.25) 1.37
Vaisi-Raygani A2 (2011) —_—— 0.02 (-0.34, 0.39) 0.83
Sibbing D (2011) - 0.00 (-0.10, 0.10) 222
Wang Y1 (2012) —— 0.16 (-0.16, 0.47) 0.99
Wang Y2 (2012) —r—— 0.19 (-0.10, 0.48) 1.10
Moura LM (2012) —— |, -0.45(-0.77,-0.13) 0.99
Yang J (2012) —_—— -0.29(-0.79, 0.22) 0.51
Murugan MM1 (2012) —_—— -0.06 (-0.28, 0.17) 1.42
Murugan MM2 (2012) —— 0.02 (-0.20, 0.24) 1.48
Kucuk ST1 (2012) —_—— -0.04 (-0.38, 0.30) 0.90
Kucuk ST2 (2012) —_——— -0.17 (-0.55, 0.21) 0.77
Hassan MA (2013) —— 0.13 (-0.13, 0.39) 123
Fekih O1 (2014) —_—— 0.60 (0.14, 1.07) 0.58
Fekih 02 (2014) —ee 0.32 (-0.18, 0.82) 0.52
Shao ZY (2014) ——— -0.12(-0.35, 0.11) 140
Macharia M (2014) —— -0.04 (-0.23, 0.15) 167
Alegria-Torres JA (2015) —— -0.20 (-0.57, 0.18) 0.80
Scherrer DZ (2015) —_—— -0.02 (-0.22, 0.19) 1.53
Kolesnikova LI1 (2015) —_—— -0.05 (-0.56, 0.45) 0.50
Kolesnikova LI2 (2015) —_— 0.21 (-0.46, 0.87) 0.32
Liang X1 (2016) 1 —_—— 1.18 (0.71, 1.65) 0.57
Liang X2 (2016) —_—— -0.11(-0.61, 0.39) 0.52
Liang X3 (2016) —_————— 0.44 (-0.18, 1.05) 0.37
Szpakowicz A (2016) —— 0.01(-0.15, 0.17) 1.86
Fridman O1 (2016) —— -0.25(-0.61, 0.11) 0.84
Fridman 02 (2016) —_—— -0.04 (-0.32, 0.24) 1.16
Alharbi KK (2016) —_— 0.10 (-0.10, 0.30) 1.56
Martinez-Quintana E (2017) — -0.01(-0.18, 0.16) 1.76
Overall (I-squared = 55.2%, p = 0.000) ? 0.04 (0.00, 0.08) 100.00
NOTE: Weights are from random effects analysis 1 T
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Fig. 5 Forest plot of the meta-analysis between the PONT rs662 polymorphism and plasma low-density lipoprotein cholesterol (LDL-C) levels
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Study %
D SMD (95% ClI) Weight
Ruiz J (1995) e 0.20 (0.01, 0.39) 123
Antikainen M (1996) -0.07 (-0.27, 0.13) 119
Suehiro T (1996) —_—— -0.25(-0.73, 0.23) 055
Odawara M (1997) —— 0.00 (-0.42, 0.42) 065
Sanghera DK1 (1997) — -0.12(-0.38, 0.15) 1.02
Sanghera DK2 (1997) 0.14(-0.10, 0.39) 1.06
Pati N (1998) 0.31(-0.72,0.11) 066
Ombres D (1998) -0.20 (-0.38, 0.02) 125
Ko YL (1998) —— -0.12 (-0.51, 0.26) 072
Hasselwander O (1999) 0.14(-0.17, 0.45) 0.90
Singh S (1999) ﬁ._ -0.33 (-0.64, 0.01) 087
Dessi M (1999) -0.28 (-0.56, 0.00) 0.96
Pfohl M (1999) —— -0.03 (-0.26, 0.20) 111
MacKness B1 (2000) —— 020 (-0.11,051) 0.90
MacKness B2 (2000) — 0.12(-0.17,0.41) 0.94
Aub C (2000) - 0.00(-0.18, 0.18) 125
Imai Y (2000) — 0.03 (-0.28, 0.34) 0.89
Sen-Banerjee S1(2000) —--— 0.15(-0.02, 0.33) 126
Sen-Banerjee S2 (2000) —-— 0.00 (-0.17,0.17) 128
Turban S1(2001) —_—— -0.13 (-0.42, 0.16) 0.94
Turban S2 (2001) —O-E._ 0.28 (-0.02, 0.58) 0.91
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Fig. 6 Forest plot of the meta-analysis between the PONT rs662 polymorphism and plasma high-density lipoprotein cholesterol (HDL-C) levels




Luo et al. Lipids in Health and Disease (2018) 17:281

in blood can cause endothelial injury, oxidative stress, and
vascular inflammation. All these events are likely to trigger
the development of dyslipidemia [44—47].

In most of the studies included in Ox-LDL and
lipids association analysis, a dominant model was
used, i.e. RR+ QR vs. QQ. Therefore, a dominant
model was adopted in the meta-analysis between the
rs662 polymorphism and plasma levels of Ox-LDL and
lipids to ensure adequate statistical power. In sub-
group analysis, we found that the differences in
Ox-LDL, TG, TC and LDL-C levels between the
genotypes were only from Asian populations, in which
the SMD values were bigger when compared to those
from Caucasians, Africans and the subjects of other
ethnicities (Table 2). It indicates that there is an inter-
action between the rs662 polymorphism and ethnicity
in modulating the plasma levels of Ox-LDL and lipids.
The associations of the rs662 polymorphism with
Ox-LDL, TG, TC and LDL-C in Asians were in line
with the finding that there was a stronger association
between the rs662 polymorphism and CHD in Asians
than in other ethnicities [26, 27, 48]. Studies are
needed to elucidate the reasons that the rs662 poly-
morphism had different effects on Ox-LDL, blood
lipids and CHD risk in different ethnicities.

In the Ox-LDL and lipids association analysis, sub-
group analysis by gender and health status were per-
formed since they might be important factors
affecting the associations between the rs662 poly-
morphism and plasma levels of Ox-LDL and lipids.
For example, the present meta-analysis indicated that
gender might modulate the association of the rs662
polymorphism with LDL-C levels since the significant
association was only existed in females, but not in
males (Table 2). Health status might also modulate
the associations of the rs662 polymorphism with
Ox-LDL and lipids levels. The significant association
of the rs662 polymorphism with TC levels was only
existed in healthy subjects, but not in the patients
with CHD, T2DM and hyperlipidemia (Table 2). The
significant associations of the rs662 polymorphism
with Ox-LDL and HDL-C levels were only existed in
CHD patients, but not in T2DM patients, hyperlipid-
emia patients and healthy subjects (Table 2).

Several limitations of the present meta-analysis should
be noted. First of all, dyslipidemia is involved in a large
number of genes as well as some environmental factors.
However, the interactions of the rs662 polymorphism with
other polymorphic loci or environmental factors on
plasma levels of Ox-LDL and lipids have not been investi-
gated in this meta-analysis due to the lack of original data
from the included studies. In other words, more precise
results could have been gained if more detailed individual
data were available, or the stratification analyses based on
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the environmental factors such as diet, exercise, smoking
status, etc., were performed. Secondly, a relatively small
number of subjects were included in the association ana-
lysis for Ox-LDL due to the limited number of studies that
met the inclusion criteria, which may reduce the statistic
power and even cause type I error (false-positive results).
Thirdly, this meta-analysis only included the studies pub-
lished in English and Chinese as it is very difficult to get
the full papers published in various languages.

Conclusions

The meta-analysis suggests that the rs662 polymorphism
is significantly associated with abnormal levels of Ox-LDL
and lipids, which may partly explain the significant associ-
ation between the rs662 polymorphism and CHD.
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