Ashig and Ashiq Egyptian Journal of Medical Human Genetics
https://doi.org/10.1186/s43042-021-00135-2

(2021) 22:16

Egyptian Journal of Medical
Human Genetics

META-ANALYSIS Open Access

The association of apolipoprotein-E (APOE)
gene polymorphisms with coronary artery

Check for
updates

disease: a systematic review and meta-

analysis

Sana Ashiq' ® and Kanwal Ashig?

Abstract

polymorphisms with coronary artery disease.

registration number CRD42020190464

Background: Numerous studies have investigated the role of apolipoprotein E (APOE) polymorphisms in coronary
artery disease (CAD), but some controversies exist regarding the outcomes as the results were not consistent and
remain uncertain. Therefore, the present meta-analysis was conducted to evaluate the association of APOE

Methods: All the relevant studies published in English language till August 2020 were identified by searching
through various electronic databases. The complete data was independently extracted by the two researchers. The
data were analyzed by using the Comprehensive Meta-Analysis program and MetaGenyo program. The pooled
odds ratio was used to check the associations between CAD and APOE polymorphisms. The following genetic
models were used to calculate the odds ratio: €2 vs. €3 and €4 vs. €3.

Results: In the final analysis, we include 12 studies regarding the role of APOE polymorphism in CAD. The pooled odds
ratio for €4 allele was higher (OR 2.00; 95% and Cl, 1.48-2.71). There is no statistical significant association for €2 allele
with CAD (OR 1.38; 95% Cl, 1.18-1.62). This analysis showed no publication bias exists in the current meta-analysis.

Conclusions: Our findings suggest that the apolipoprotein €4 allele appears as a significant genetic risk factor for
coronary artery disease while the €2 allele is beneficial to alleviate the CAD risk.

Trial registration: Registered with PROSPERO International Prospective Register of Systematic Reviews. PROSPERO
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Background

The cardiovascular system is comprised of vessels and
heart, which lead the foundation of cardiovascular dis-
eases (CVDs) grouping into the two systems, i.e., circula-
tory and heart system. In 1772, angina clinical
description was provided by Heberden and almost over
a century, pathologists gave attention to the coronary
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artery blockade events [1]. Coronary artery disease
(CAD) is the most common form of cardiovascular dis-
order and a leading cause of mortality occurring world-
wide. Its prevalence rate is ranked highest in developing
countries as it majorly affects the adult human popula-
tion [2]. The World Health Organization (WHO) posi-
tioned CAD on number three in a list of the most
prevailing disorders. In relation to non-communicable
diseases (NCDs), CAD alone contributes 19% of the total
economic burden. The mortality rate is seen highest in
South Asian countries and lowest in the east [3]. CAD is
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identified as a heritable multifactorial disorder that insti-
gated via a complex interaction between genetic and en-
vironmental factors [4]. A lot of evidence based
information is already available on the pathogenesis of
CAD and its risk factors, i.e., gender, age, hypertension,
serum cholesterol levels, and smoking. Among all the
risk factors, atherosclerosis is being considered as a key
etiological factor that contributes in the initiation of
CAD [5]. Further, disparities in ethnic groups also have
an influence on the development and progression of
CAD. Differences in ethnic races resulted in the greater
severity and prevalence in certain human communities
of both developed and developing countries. These eth-
nic races rather have differences in their cultures, cus-
toms, lifestyles and eating habits which at different levels
offer exposure to CAD risk factors [6]. Recently, by
using the genome wide association studies several at-
tempts have been made to untwist CAD association with
the several genetic loci involved in the pathogenesis of
atherosclerosis. Researchers are concentrating more on
extensive CAD genetics as data obtained from such find-
ings would be helpful in the future for the prevention
and treatment of the disease [7]. In addition, high lipid
levels in the blood are also main variable risk factors that
could instigate CAD. The low-density lipoprotein chol-
esterol (LDL-C) is an independent risk factor and also a
novel biomarker for CAD. The drugs that lower the
serum LDL-C are beneficial in the reduction of CAD
risk [8]. Single-nucleotide polymorphism (SNPs) can be
used as a tool to evaluate the possibility of developing
CAD in relation to the genetic biomarkers. Many SNPs
are located on the genes which are inherited independ-
ently and are involved in regulation of the plasma lipid
concentration [9]. Apolipoprotein E (APOE) is 299
amino acids containing apolipoprotein which is small in
size and synthesized in the liver. It is an important con-
stituent of various lipoproteins, including very low-
density lipoprotein (VLDL), high-density lipoprotein
(HDL), and chylomicrons. APOE plays an essential role
in the metabolism of LDL by enhancing its cellular up-
take. In inflamed arteries, APOE is also produced by lo-
cally residing macrophages, which facilitates in removing
of atherosclerosis clots by lowering the cholesterol levels
in blood [10]. The APOE gene is located on chromo-
some 19, APOE polymorphisms (rs7412 and rs429385)
resulted into the altered amino acids arrangement at
position 130 and 176 as a consequence three different
protein isoforms are produced which are called as
APOE2, APOE3, and APOE4.

Rationale

Many findings have confirmed that APOE4 (rs429385)
causes an increase in concentration of LDL-C while
APOE2 (rs7412) decreases LDL-C concentration. The
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isoform €3 is the wild type which modulates the clear-
ance of lipoproteins from plasma as it has normal affin-
ity for low-density lipoprotein receptors. When the
158th amino acid is replaced by cysteine €3 mutates into
€2 and when 112th amino acid is replaced by arginine it
mutates into €4. Moreover, distribution of these alleles is
varied among different ethnic populations, ie., Asians
have low incidence of €2 and €4 as compared to Africans
and Europeans [11-13]. Since, the meta-analysis on gen-
etic association of polymorphism in APOE gene with
CAD is scarce. Thus, it is the need of the hour to
analyze the available literature. We designed the system-
atic review and meta-analysis to check the significant as-
sociation of polymorphisms in APOE gene with CAD
that provides us the management, prevention, and better
insight into the role of genetic risk factors in causing the
CAD.

Objectives

The objective of the present study was to evaluate the
association of genetic polymorphisms in APOE gene
with coronary artery disease.

Methods

In the current study, we followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
2009 (PRISMA 2009) statement. A PRISMA checklist is
provided as supplementary file.

Search strategy

We searched all published articles in MEDLINE,
EMBASE, PubMed, Ovid Web of Science, and the
Cochrane Library (up to 14 august 2020) using the fol-
lowing MeSH terms and keywords: including ‘coronary
artery disease, ‘CAD,” ‘APOE,” ‘Apolipoprotein E, ‘gene
polymorphism,” ‘variant,” ‘genotype,’ ‘mutation,” ‘athero-
sclerosis,” ‘coronary heart disease,’ and ‘worldwide.” In
addition, to avoid missing any relevant study, we have
searched the related articles manually. All the duplicate
studies were not included in the final analysis.

Inclusion and exclusion criteria

The extracted articles were included in this study when
the following criteria were met: (1) retrospective case-
control studies using either a population-based design or
hospital-based design. (2) The full length original articles
on the association of APOE polymorphisms and CAD in
human subjects. (3) Sufficient information was provided
for estimating the statistical analysis including odds ratio
(OR). Those provided no sufficient data or not written
in English language and designed as systematic reviews,
meta-analysis, or not designed as case-control studies
were eliminated.
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Data extraction

To reduce the selection bias, the authors independently
reviewed and extracted the data required for all the in-
cluded studies using a predesigned data extraction table.
From each original study, the following data were ab-
stracted: author names, year of publication, country and
ethnicity, baseline characteristics, sample size, method,
the distribution of genotypes and alleles in subjects, and
evidence of conforming to the Hardy-Weinberg equilib-
rium (HWE). Moreover, in the included studies the cri-
teria for the diagnosis of the CAD was = 50%
angiographically documented luminal stenosis in at least
one of the three major coronary arteries. The detailed
characteristics of included study are given in Tables 1
and 2.

Quality score assessment

We used the Newcastle-Ottawa Scale (NOS) to deter-
mine the quality of each included study. The NOS
ranges between 0 (worst) and 9 stars (best). The quality
of the articles was independently assessed by the authors

Table 1 Characteristics of studies included in meta-analysis
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and any discrepancies were decided through discussion
to achieve a consensus.

Statistical analysis

The association of the APOE polymorphism and risk of
CAD was estimated by calculating the pooled ORs and
95%CI. The heterogeneity among the included studies
was calculated using the chi-square test and I* statistic.
A fixed-effect model (Mantel-Haenszel) was used in the
absence of heterogeneity and if heterogeneity is present,
then the random effect model (DerSimonian—Laird) was
adopted to investigate the variation both from in-study
and between-study. This method was used for various
genetic models and for separate analysis of 2 and 4
carrier status. Furthermore, to assess the stability of re-
sults the sensitivity analysis was performed. Publication
bias was analyzed by using the funnel plot which was
calculated by using Begg’s and Egger’s tests. All statis-
tical analysis was performed by using the Comprehensive
Meta-Analysis program (Biosta, Englewood, NJ, USA)
and MetaGenyo program.

Serial Author Year Country Ethnicity Clinical Gender Mean Mean SOC Sample size Genotyping HWE NOS
no. subtype wise age BMI score
distribution Cases Controls
[N] [N]
1 Larifla 2017 French  Afro- CAD 64.1%/359% 63.51 274 HB 234 520 TagMan Y 8
et al. West Caribbeans = M/F
Indies
islands
2 Abd E- 2016 Egypt  Egyptians CAD 606% =M 445 102> PB 132 135 Multi-AMRS Y 7
Aziz 394% = F 25
3 Afroze 2015 India Caucasians  CAD 130=M 1532 1082 PB 200 450 PCR-RFLP Y 8
et al. 70=F 50 25
4 Atis 2016 Turkey  Caucasians CAD 50/50 = M/F 5968 29617 HB 100 100 Kit in Roche light Y 8
et al. cycler apparatus
and hybridization
probes
5 Cheema 2015 Pakistan Caucasians CAD 223% =F 54 2898 HB 508 183 TagMan Y 8
et al. 77.7% =M
6 Long 2019 China Chinese CAD 674%/326% 6405 3085 HB 406 231 Real time PCR Y 9
et al. han = M/F and sanger
sequencing
7 Ghaznavi 2018 Iran Caucasians CAD 103/97 = M/ 60.2 PB 200 200 PCR-RFLP Y 8
F
8 Arafa 2018 Egypt Egyptians  CHD 85/15 = M/F 55 PB 100 100 PCR-RFLP Y 8
etal.
9 Heidari 2013 Iran Caucasians  CAD 35%/65% = 525 254  PB 66 61 PCR-RFLP Y 7
M/F
10 Hou 2020 China Asian CAD F 68.16 PB 653 646 PCR, Hybridization Y 9
et al. to sinochip
Ihl Souza 2007 Brazilian Caucasian CAD 128/72 = M/ 60.8 HB 100 100 PCR-RFLP Y 8
et al. F
12 Djan 2011 Serbian  Caucasian CAD 30/0 = M/F 29.2 PB 30 30 PCR-RFLP Y 7

et al.
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Table 2 In each included study the distribution of genotypes and frequencies of APOE allele
Serial Author Year Genotypes distribution Allele frequencies
no. Cases Controls Cases Controls
€2/2 €2/3 €2/4 €3/3 €3/4 €4/4 €2/2 €2/3 €2/4 €3/3 €3/4 €4/4 €2 €3 €4 €2 €3 &4
1 Larifla et al. 2017 2 27 05 100 76 0 5 53 19 241 150 24 82 689 229 83 696 221
2 Abd El-Aziz 2016 — - - - - - - - -— R 28 192 44 54 209 7
3 Afroze et al. 2015 2 18 4 110 53 13 9 36 12 315 66 12 26 291 83 66 732 102
4 Atis et al. 2016 0O 12 1 73 12 2 0 14 0 64 21 0 6.5% 855% 8% 8% 815% 10.5%
5 Cheema etal. 2015 2 36 06 491 129 08 e e - — 27 352 12 9 118 19
6 Long et al. 2019 3 34 3 284 67 15 0 21 3 169 32 6 43 669 100 24 391 47
7 Ghaznavi 2018 — 22 3 110 62 3 - 10 2 154 32 2 25 304 71 12 350 38
8 Arafa 2018 — 9 - 59 32 - - 13 -— 73 14 - 9 159 32 13 173 14
et al.
9 Heidari 2013 8 - - 52 6 — 7 — — 54 0 — 16 10 6 14 108 0
10 Hou et al. 2020 2020 3 66 6 442 125 1 2 91 10 448 92 3 78 1075 153 105 1079 108
1 Souza et al. 2007 0O 7 0 76 16 1 2 3 3 68 23 1 7 175 18 10 162 28
12 Djan et al. 2011 — 0 1 16 13 0 - 1 0 19 4 1 1 45 14 1 43 6
Results significantly, which confirmed the reliability and stability

Characteristics of studies

Based on search strategy, 377 potentially eligible studies
were included in the initial search. After a comprehen-
sive literature search applying our inclusion criteria, 12
relevant articles were enrolled in final systematic review
and meta-analysis. The study selection process is de-
scribed in Fig. 1. The characteristics of the included
studies [13-24], and the results of quality assessment
based on NOS score are given in Table 1. The frequen-
cies of APOE allele and distribution of genotypes are
given in Table 2.

Association between €2 allele and CAD

The results of association between €2 allele and coronary
artery disease are shown in Fig. 2. We chose fixed-effects
models to merge all data based. Overall, the €2 allele and
its carriers had a protective effect on CAD (OR 1.38;
95% CI, 1.18-1.62). The P value was 43.1%, tau-squared
was 0.0633 and the p value was 0.0554.

Association between ¢4 allele and CAD

The results of association between €4 allele and coronary
artery disease are shown in Fig. 3. To merge the entire
data, we adopted the fixed effects models. Overall, the €4
allele and its carriers have a statistical significant effect
on CAD (OR 2.00; 95% and CI, 1.48-2.71). There was
no heterogeneity observed as the I* value was 26.2%,
tau-squared was 0.106 and the p value was 0.1869.

Sensitivity analysis
Sensitivity analyses showed that after excluding each lit-
erature the overall calculated OR did not change

of our analysis.

Publication bias

The shapes of funnel plots do not show any apparent
asymmetry in all the genetic models, furthermore, the
statistical results also confirmed the absence of publica-
tion bias as p > 0.05 for both Begg and Egger tests (Figs.
4 and 5).

Discussion

CAD is a polygenetic and heterogeneous disorder that is
triggered as a result of gene-environment and gene-gene
multifarious interactions. Since, several investigations
have demonstrated an association between CAD inci-
dence and APOE gene polymorphisms, still a lot of con-
troversies exist between the results of these studies.
Furthermore, reliability of findings is remained irresolute
which are obtained from the single case-referent investi-
gations due to limited population sample size. An in-
creased sample size of population would be helpful to
solve this issue and make the data more reliable. Added
into it, meta-analysis of larger population sample size
has ability to pinpoint even the minor effects of studies
that were conducted to evaluate the relationship of dis-
eases to human genetics. The purpose of the current
study is to determine the association of APOE gene poly-
morphisms with coronary artery disease.

To the best of our knowledge, this present meta-
analysis provides the most comprehensive assessment of
CAD association with SNPs in APOE gene. Our study
results revealed that the risk of developing coronary ar-
tery disease in €4 allele carriers was higher as compared
to the €2 allele. We found no association between APOE
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Fig. 2 Forest plot for APOE polymorphism and CAD risk in the genetic model of €2 allele analysis
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Experimental Control Odds Ratio
Study Events Total Events Total | . OR 95%-Cl W(fixed)
Larifla et al 186 220 365 442 - 1.15 [0.74; 1.79] 13.0%
Abd El-Aziz 219 247 216 270 |ﬂ— 1.96 [1.19; 3.20] 10.3%
Afroze et al 176 200 393 450 —l‘—:- 1.06 [0.64; 1.77] 9.7%
Atis et al 87 100 85 99 —"?— 1.10 [0.49; 2.48] 3.8%
Cheema et al 628 672 563 640 | b 1.95 [1.32; 2.88] 16.8%
Long et al 366 406 207 231 8- 1.06 [0.62; 1.81] 8.8%
Ghaznavi 175 200 188 200 —— E 0.45 [0.22; 0.92] 4.9%
Arafa et al 113 122 98 111 —— 1.67 [0.68; 4.06] 3.2%
Heidari 84 92 61 74 —;—*— 2.24 [0.87; 5.73] 2.8%
Hou et al 578 650 543 646 L 1.52 [1.10; 2.10] 24.1%
Souza et al 93 100 92 100 —— 1.16 [0.40; 3.32] 2.3%
Djan et al 30 30 24 25 ———————3.73 [0.15;95.79]  0.2%
Fixed effect model 3039 3288 <I> 1.38 [1.18; 1.62] 100%
Heterogeneity: I-squared=43.1%, tau-squared=0.0633, p=0.0554 '
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Experimental Control Odds Ratio
Study Events Total Events Total . OR 95%-Cl W(fixed)
Larifla et al 10 220 24 442 — 0.83 [0.39; 1.77] 16.0%
Abd El-Aziz 27 247 7 270 f—-‘-— 461 [1.97; 10.79] 12.7%
Afroze et al 13 200 12 450 — 254 [1.14; 566] 14.2%
Atis et al 2 100 0 99 ————+—— 5.05 [0.24; 106.55] 1.0%
Cheema et al 8 672 7 640 e 1.09 [0.39; 3.02] 88%
Long et al 15 406 6 231 —— 1.44 [0.55; 3.76] 9.9%
Ghaznavi 3 200 2 200 —-*f— 1.51 [0.25; 9.12] 2.8%
Arafa et al 22 122 11 11 L 200 [0.92; 4.34] 153%
Heidari 26 92 7 74 7:-*-— 3.77 [1.53; 9.28] 11.3%
Hou et al 11 650 3 646 Ce 369 [1.02; 13.29] 56%
Souza et al 1 100 1 100 I 1.00 [0.06; 16.21] 1.2%
Djan et al 1 30 1 25 B 0.83 [0.05; 13.94]  1.2%
Fixed effect model 3039 3288 <> 2.00 [1.48; 2.71] 100%
Heterogeneity: I-squared=26.2%, tau-squared=0.106, p=0. [1859 : :
0.01 0.1 1 10 100
Fig. 3 Forest plot for APOE polymorphism and CAD risk in the genetic model of 4 allele analysis

polymorphism and any of the traditional cardio-vascular
risk factors including BMI. Many studies have examined
APOE with lipid metabolism, particularly low density
lipoprotein cholesterol levels, and CAD risk. Still, there
is a lack of information by which &4 allele carriers modu-
late the adverse lipid profiles [25]. The APOE polymor-
phisms are also associated with other pathological
conditions, including Alzheimer’s disease, schizophrenia,
Parkinson’s disease, diabetes, and beta-thalassemia [13].
The human apolipoprotein E is a serum glycoprotein
which has many biological properties. It is approximately
of 35 kDa glycosylated protein and the normal function

affinity [26, 27]. The €4 allele is seen as a ‘thrifty’ gene
and the key functions of this allele are to raise the pro-
duction of cholesterol in the liver [27, 28] also reported
that it has a major function on lipid clearance and me-
tabolism in humans. The result of their study is also in
accordance to our study. They reported that €2 allele is
not associated with CAD as it decreases the LDL levels
in plasma. On the other side, €4 is a risk factor for high
levels of LDL cholesterol, total cholesterol, and very low-
density lipoprotein cholesterol levels in plasma as it sup-
presses the synthesis of LDL-receptors (LDLRs) [27].
Similarly, the present study results are in accordance

of all the 3 isoforms of a gene is related to their receptor ~ with the previous studies, including meta-analysis
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Fig. 4 Funnel plot for APOE gene polymorphism and CAD risk for €2 allele
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Fig. 5 Funnel plot for APOE gene polymorphism and CAD risk for €4 allele

performed by Wang et al. report that €2 allele is a protect-
ive factor, while &4 allele is a risk factor of CAD, especially
in Caucasian and Asian population [29]. Additionally, our
results are also in accordance with those obtained by Song
et al. [30]. Zahng et al. also showed that the allele €2 has
no significant association; however, €4 allele is a main risk
factor for CAD in the Chinese population [31]. Similarly a
meta-analysis was conducted by the Wilson to assess the
impact of apolipoprotein E alleles on coronary artery dis-
ease and the findings of this study also report that 4 allele
was associated with coronary artery disease [32]. It is im-
portant to evaluate the publication bias that may intro-
duce false positive results in a meta-analysis [33]. So, there
is a need for statistical analysis to avoid possible bias in
publications. In order to avoid this bias, we performed
Begg and Egger test for investigating the bias in selected
studies and we found no obvious publication bias.

Limitations

The results of the current meta-analysis are quite inclu-
sive; however, certain limitations are also obvious in this
study. First, in the current study, we mainly focused on
APOE gene SNPs and were not able to check other genes
responsible for coronary artery disease. Second, we only
choose articles that were published in English language
and possibly this can result the publication biasness.

Conclusion

It is concluded that the €4 allele is a chief reason to insti-
gate coronary artery disease while the €2 allele is beneficial
to mitigate the CAD risk. Further, it is suggested that

there is a need for more studies with larger sample size in
different subgroups with various covariates, which could
be helpful to get a more definite conclusion.
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