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Abstract

Introduction: It has been reported that APOA1 —=75G/A polymorphism might
be associated with susceptibility to coronary artery disease (CAD). Owing to
mixed and inconclusive results, we conducted a meta-analysis to systemati-
cally summarize and clarify the association between APOA1-75G/A polymor-
phism and the risk of CAD.

Material and methods: A systematic search of studies on the association
of single nucleotide polymorphisms (SNP) with susceptibility to CAD was
conducted. A total of 9 case-control studies (1864 cases and 1196 controls)
on the APOA1-75G/A polymorphism were included.

Results: We observed no statistically significant association between
APOA1 -75G/A polymorphism and risk of CAD under the dominant genet-
ic model (AA + AG vs. GG: OR = 1.03, 95% Cl: 0.65-1.66), allelic contrast
(A vs. G: OR = 0.88, 95% Cl: 0.58-1.32), heterozygote model (AG vs. GG:
OR = 1.24, 95% Cl: 0.81-1.89) or homozygote model (AA vs. GG: OR = 0.52,
95% Cl: 0.26-1.05). Significant heterogeneity between individual studies
appears in all five models, but a strong association under the recessive ge-
netic model (AA vs. AG + GG: OR = 0.51, 95% Cl: 0.28-0.92). In the subgroup
analysis by Hardy-Weinberg equilibrium (HWE; the presence or absence of
HWE in controls), significantly decreased CAD risk and no significant het-
erogeneity were observed among controls consistent with HWE. Overall, the
APOAT1 A allele is one of the protective factors of CAD. A stronger association
between APOA1-75G/A polymorphisms and CAD risk was present in the stud-
ies consistent with HWE.

Conclusions: The minor allele of the APOA1-75G/A polymorphism is a pro-
tective factor for CAD, especially in the studies consistent with HWE.

Key words: apolipoprotein A1, odds ratio, gene polymorphism, confidence
interval, coronary artery disease, Hardy-Weinberg equilibrium.

Introduction

Coronary artery disease (CAD) is the leading cause of morbidity and
mortality in developed and developing countries [1]. The precise mech-
anisms responsible for the incidence of CAD are still unknown, which
is affected by interacting internal and external factors [2, 3]. The chief
risk factors of CAD are hypertension, diabetes mellitus, abnormal serum
cholesterol (low-density lipoprotein — LDL and high-density lipoprotein
— HDL), cigarette smoking, high alcohol consumption, age, stress, family
history of CAD and obesity [4-8]. Lipid metabolism disorder and genetic
predisposition are major risk factors for CAD [9-11].

Corresponding author:
Ya-Feng Zhou PhD
Department of Cardiology
First Affiliated

Hospital of Soochow
University

Shizi Road No. 188
215006 Suzhou, China
Phone: +86 512 67781726
E-mail: zhouyafeng@
medmail.com.cn

AMS



Lang-Biao Xu, Ya-Feng Zhou, Jia-Lu Yao, Si-Jia Sun, Qing Rui, Xiang-Jun Yang, Xiao-Bo Li

Lipoproteins are involved in the pathogenesis
of atherosclerosis. Epidemiologic studies have es-
tablished an inverse relationship between plasma
levels of HDL cholesterol and the occurrence of
CAD, while low-density lipoprotein has been es-
tablished as an atherogenic factor [12-15]. There
is more to HDL than just reverse cholesterol trans-
port. Also quality (function) of HDL, not only quan-
tity, may be very important [16, 17]. Apolipopro-
tein A-1 (APOA1 gene, ApoA-I protein) is the major
protein of HDL. It is a 243 amino acid long peptide,
synthesized mainly in the liver and to some extent
in the small intestine. ApoA-I has the ability to
reverse cholesterol transport (RCT), to bind lipids,
and to activate lecithin cholesterol acyltransferase
(LCAT) to form mature HDL [18].

Genes influencing quantitative variation in
plasma lipoproteins are being studied widely. The
APOA1 gene is present along with APOC3 and
APOA4 genes on chromosome 11 [19]. Variations
in the APOA1-C3-A4 genes have been associated
with dyslipidemia and CAD [20]. An association
between the G to A substitution at =75 bp in the
APOA1 gene and CAD has received most of the
attention [21]. An Australian CAD study described
a positive relationship between the A allele and
severe forms of CAD [22]. However, studies on
the Chinese population revealed that APOA1-
75G/A polymorphism results in increased levels of
apoAl and HDL-C and is associated with a reduced
risk of CAD [23]. Therefore, the relation between
APOA1 G-75A polymorphisms and risk of CAD re-
mains controversial. To elucidate this discrepan-
cy, we performed a meta-analysis of all available
case-control studies to explore the association be-
tween the APOA1 polymorphisms and risk of CAD.

Material and methods
Study selection

To identify all the articles that examined the
association of APOA1 polymorphisms with cor-
onary artery disease, we conducted a compre-
hensive search of PubMed, Embase, Web of Sci-
ence, Cochrane library and CNKI (China National
Knowledge Infrastructure) and EMBASE (the last
search update was May 28, 2015). Search terms
included apolipoprotein A-l or apolipoprotein Al
or apolipoprotein Al or APOAI or APOA-I or APO
Al; gene polymorphism, or genetic mutation and
myocardial infarct, myocardial infarction, coronary
artery disease, coronary heart disease, myocardial
ischemia, ischemic heart disease, ischemic cardio-
myopathy, angina, angina pectoris, acute coronary
syndrome, acute coronary syndrome (ACS), coro-
nary calcification, coronary flow reserve, ischemic
heart failure, heart failure. We also screened refer-
ences of the retrieved articles and review articles

by a hand search. Studies in this meta-analysis
had to meet the following inclusion criteria: (1)
evaluation of the association between APOA1-
75G/A polymorphisms and CAD; (2) case-control
study; (3) studies focusing on humans; (4) de-
tailed genotype data could be acquired to calcu-
late the odds ratios (ORs) and 95% confidence
intervals (Cls). Exclusion criteria: (1) duplication
of previous publications; (2) comment, review and
editorial; (3) family-based studies of pedigrees; (4)
study with no detailed genotype data. When there
were multiple publications from the same popu-
lation, only the largest study was included. Study
selection was performed by two investigators in-
dependently, according to the inclusion and exclu-
sion criteria by screening the title, abstract and
full text. Any dispute was solved by discussion.

Data extraction

For each study that met our criteria, the follow-
ing information was collected: first author, year
of publication, country of origin, ethnicity, crite-
ria of diagnosis, number of cases and controls,
genotype distribution, genotyping methods and
allele frequency, the criteria of CAD, Hardy-Wein-
berg equilibrium, number of cases and controls,
and genotype frequency in cases and controls for
APOA1-75G/A. All the searching work and data
extraction work were conducted by two indepen-
dent investigators (Xu and Sun). If dissent exist-
ed, they would recheck the original data of the
included studies and have a discussion to reach
a consensus. If the dissent still existed, the third
investigator would be involved to adjudicate the
disagreements (Zhou).

Quality assessment

The quality of the included studies was as-
sessed by two authors separately according to the
methodological quality assessment scale. In this
scale, five items — representativeness of cases,
source of controls, sample size, quality control of
genotyping methods, and Hardy-Weinberg equi-
librium (HWE) — were carefully checked. The qual-
ity score ranges from O to 10, and a high score
means good quality of the study. Two investiga-
tors scored the studies independently and solved
disagreement through discussion (Table 1) [24-30].

Statistical analysis

The strength of association between APOA1
polymorphisms and CAD was measured by the
odds ratio (OR) corresponding to a 95% confi-
dence interval (Cl) according to the method of
Woolf [31]. Heterogeneity between studies was
assessed by Cochran’s y2-based Q statistic test
[32]. Where the p-value for heterogeneity was less
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Table I. Characteristics of studies included in the meta-analysis

Author Year Ethnicity =~ Source Case/control Cases Controls
") GG GA AA GG GA AA P-value
for HWE
Wang [22] 1996  Australian HB 462/182 306 133 23 125 55 2 0.129
Reguero [24] 1998 Spanish PB 176/200 117 50 9 152 44 4 0.6983
Shengli [25] 2001 Chinese PB 107/50 51 7 49 34 2 14 < 0.01
Zou [23] 2003 Chinese HB 92/45 78 8 6 26 12 7 0.0186
Chhabra [26] 2005 Indian HB 164/36 102 51 11 29 7 0 0.5182
Rai [27] 2008 Indian PB 140/100 45 44 51 51 39 10 0.5327
Dawar [28] 2010 Indian PB 50/50 29 21 0 8 42 0 <0.01
Ding [29] 2012 Chinese PB 229/254 94 95 40 108 124 22 0.1013
Xuebiao [30] 2014 Chinese HB 444/279 250 165 29 121 137 21 0.0341

HWE — Hardy-Weinberg equilibrium.

than 0.1, a random-effects model using the DerSi-
monian and Laird method [33] was used to pool
the results; otherwise, a fixed-effects model using
the Mantel-Haenszel method was adopted [34]. In
order to better evaluate the extent of heteroge-
neity between studies, the /* test was also used.
This statistic yields results ranging from 0 to 100%
(I = 0-25%, no heterogeneity; I>= 25-50%, mod-
erate heterogeneity; I*= 50-75%, large heteroge-
neity; 1> = 75-100%, extreme heterogeneity) [35].

For the APOA1 -75G>A promoter polymor-
phism, we investigated associations between the
genetic variant and coronary artery disease risk in
allelic contrast (A vs. G), homozygote comparison
(AA vs. GG), heterozygote comparison (GA vs. GG),
dominant (GA/AA vs. GG) and recessive (AA vs.
GA/GG) models, respectively. The significance of
the pooled OR was determined by the Z-test (p <
0.05 suggests a significant association). Subgroup
analyses were also conducted to explore the ef-
fects of confounding factors: HWE (the presence
or absence of HWE in controls). HWE was tested
by the y? test at a significant level of p < 0.05 [36].
Publication bias was investigated by funnel plots
[37]and by Egger’s linear regression test [38]. All
analyses were performed using STATA version 12.0
(StataCorp LR, College Station, Texas).

Results
Study characteristics

In total, 9 articles were identified accord-
ing to inclusion and exclusion criteria. The de-
tailed screening process is shown in Figure 1. For
APOA1-75G/A polymorphisms, 9 studies involved
a total of 1864 cases and 1196 controls. HWE of
genotype distribution in the controls was tested in
those studies and 5 studies were consistent with

HWE [22, 24, 26, 27, 29]. Four studies were deviat-
ing from HWE [23, 25, 28, 30].

Meta-analysis results

For the APOA1-75G/A polymorphism and its
relationship to CAD, significant heterogeneity be-
tween individual studies appears obvious in all
five models. Therefore, the random-effect model
(DerSimonian and Laird) was applied in all five
models. There was a statistically significant asso-
ciation between APOA1-75G/A polymorphism and
CAD risk under the recessive model (OR = 0.51,
95% Cl: 0.28-0.92, P, = 0.001) (Figure 2). Though
there was no significant association between
APOA1-75G/A polymorphism and CAD under
the allele model (OR = 0.88, 95% Cl: 0.55-1.32,
P, < 0.01) (Figure 3), dominant model (OR = 1.03,
95% Cl: 0.65-1.66, P, < 0.01), heterozygote model

53 potentially relevant titles and summaries

18 excluded
12 not meet the purpose
of the present meta-analysis
5 reviews
1 comment

Y

Y

35 papers retrieved for more detailed evaluation

26 excluded

5 not-RCT studies

“| 9 other loci

12 case-only studies

9 studies included in quantitative synthesis
5 studies in presence of HWE
4 studies in absence of HWE

Figure 1. Study selection process
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Author Year OR (95% Cl) Weight (%)
2
Wang 1996 _ 0.21 (0.05-0.91) 9.19
Reguero 1998 —— 0.38 (0.11-1.25) 11.14
Chhabra 2005 <« —+ 0.18 (0.01-3.17) 3.63
Rai 2008 —_— 0.19 (0.09-0.41) 15.31
Ding 2012 — 0.45 (0.26-0.78) 17.03
Subtotal (1 = 00.0%, p = 0.439) <> 032 (0.22-0.48) 56.31
1
Shengli 2001 —_— 0.46 (0.22-0.95) 15.44
Zou 2003 -t 2.64 (0.83-8.38) 11.48
Xuebiao 2014 —_— 1.16 (0.65-2.09) 16.77
Dawar 2010 Excluded 0.00
Subtotal (7 = 72.7%, p = 0.026) <<> 1.03 (0.43-2.47) 43.69
overall (P = 71.5%, p = 0.001) <> 0.51 (0.28-0.92) 100.00
Note: Weights are from random effects analysis.
I I
0.0105 1 95

Figure 2. Forest plot of recessive model for overall comparison of APOA1-75G/A polymorphism and CAD (AA vs. AG
+ GG) (1 — controls deviating from HWE, 2 — controls consistent with HWE)

Author Year OR (95% Cl) Weight (%)
2
Wang 1996 — 0.81 (0.58-1.11) 12.13
Reguero 1998 — 0.62 (0.42-0.93) 11.70
Chhabra 2005 * 0.38 (0.17-0.86) 8.56
Rai 2008 —_— 0.38 (0.26-0.56) 11.76
Ding 2012 —® T 0.80 (0.61-1.04) 12.44
Subtotal (7 = 69.2%, p = 0.011) = 0.61 (0.44-0.83) 56.60
1
Shengli 2001 — 0.44 (0.27-0.74) 10.93
Zou 2003 —®%—> 333(1.74-6.38) 9.84
Dawar 2010 _— 2.72 (1.46-5.08) 10.04
Xuebiao 2014 —— 1.41 (1.11-1.78) 12.59
Subtotal (/2 = 90.3%, p < 0.001) <:i> 1.51 (0.71-3.22) 43.40
_—
Overall (7 = 89.6%, p < 0.001) S 0.88 (0.58-1.32) 100.0
Note: Weights are from random effects analysis.
I I
0.157 1 6.38

Figure 3. Forest plot of allelic model for overall comparison of APOA1-75G/A polymorphism and CAD (A vs. G)
(1 - controls deviating from HWE, 2 — controls consistent with HWE)

(OR = 1.24, 95% Cl: 0.81-1.89, P, < 0.01) or ho-
mozygote model (OR = 0.52, 95% Cl: 0.26-1.05,
P, < 0.01), a trend of reduced risk could be drawn.
Subgroup analysis was conducted according to

HWE (the presence or absence of HWE in controls).
In the presence of HWE in controls, significant het-
erogeneity was found under the allele model, so
a random-effect model was used. A fixed-effect
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Table Il. Results of meta-analysis for APOA1-75G/A polymorphisms and CAD risks

Study Heterozygote codominant Dominant model Recessive model
groups OR (95% ClI) P, OR (95% Cl) P, OR (95% ClI) P,
Total (9) 1.24 (0.81-1.89) <0.01 1.03 (0.65-1.66) <0.01 0.51 (0.28-0.92) 0.001
HWE:
Yes (5) 0.88 (0.68-1.13) 0.26 0.69 (0.51-0.94) 0.078 0.32 (0.22-0.48) 0.439
No (4) 2.49 (0.98-6.35) 0.003 2.06 (0.77-5.54) < 0.01 1.03 (0.43-2.47) 0.026
Study Allele contrast model Homozygote codominant
grotips OR (95% ClI) P, OR (95% ClI) P,
Total (9) 0.88 (0.58-1.32) <0.01 0.52 (0.26-1.05) <0.01
HWE:
Yes (5) 0.64 (0.44-0.83) 0.011 0.30 (0.19-0.49) 0.314
No (4) 1.51 (0.71-3.22) <0.01 1.23 (0.41-3.65) 0.004

model was used in the other four genetic mod-
els. A statistically significant association was ob-
served between APOA1-75G/A polymorphism and
CAD risk under the recessive model (OR = 0.32,
95% Cl: 0.22-0.48, P, = 0.439), dominant model
(OR = 0.69, 95% Cl: 0.51-0.94, P, = 0.078), allele
model (OR=0.61,95%Cl:0.44-0.83,P,=0.011)and
homozygote model (OR = 0.30, 95% Cl: 0.19-0.49,
P, = 0.314), but there was no significant associ-
ation between APOA1-75G/A polymorphism and
CAD under the heterozygote model (OR = 0.88,
95% Cl: 0.68-1.13, P, = 0.26).

After restricting our analysis to the absence of
HWE in controls, significant heterogeneity was
found under all five models; therefore, the ran-
dom-effect model was applied. We observed no
significant association under any of the five mod-
els: recessive model (OR = 1.03,95% Cl: 0.43-2.47,
P,= 0.026), dominant model (OR = 2.06, 95% Cl:
0.77-5.54, P, < 0.01), allele model (OR = 1.51,
95% Cl: 0.71-3.22, P, < 0.01), heterozygote model
(OR = 2.49, 95% Cl: 0.98-6.35, P, = 0.003) or ho-
mozygote model (OR = 1.23, 95% Cl: 0.41-3.65,
P, = 0.004) (Table 11).

Publication bias

For the APOA1-75G/A polymorphisms, the
shape of funnel plots showed no obvious asym-
metry and the result of Egger’s test did not show
statistical evidence for bias either (Figure 4).

Discussion

This is the first meta-analysis investigating the
association between the ApoAl polymorphisms
and CAD. In this meta-analysis, 9 eligible studies in-
cluding 1864 cases and 1196 controls were identi-
fied and analyzed. A positive relationship between

APOA1-75G/A polymorphism and the risk of CAD
was identified in the recessive model. Additional-
ly, in the subgroup analysis for controls consistent
with HWE, this association was significant under all
the models except the heterozygote model. In con-
clusion, the minor allele of the APOA1-75G/A poly-
morphism is a protective factor for CAD, especially
in the studies consistent with HWE.

Coronary artery disease is a complicated, poly-
genic disease driven by the coactions of various en-
vironmentaland genetic factors, of which hereditary
factors probably play a key role in disease develop-
ment. ApoAl is a component of HDL. High-density
lipoprotein is a molecule that transports cholesterol
and certain fats called phospholipids through the
bloodstream from the body’s tissues to the liv-
er. High-density lipoprotein is often referred to as
“good cholesterol” because high levels of this sub-
stance reduce the chances of developing heart and
blood vessel (cardiovascular) disease [39].

Up to now, several single-nucleotide polymor-
phisms (SNPs) have been identified in the APOA1
gene located on the long arm of chromosome 11
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Figure 4. Funnel plot for publication bias test of the
APOA1-75G/A polymorphism and CAD
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[40]. A common G-to-A transition located —75 base
pairs (bp) upstream from the transcription start site
of the APOAI gene has been studied extensively
[41]. The gene mutation might influence the indi-
vidual susceptibility to CAD. The base changes from
G to A at the =75 bp site increase circulating levels
of ApoA1l and HDL-C, and the individuals with these
changes are likely to have a lower risk of developing
CAD [42]. Thus, there is a potential mechanism by
which the minor allele of the APOA1-75G/A poly-
morphism is a protective factor for CAD.

Significant heterogeneity was found for the as-
sociation between the ApoAl polymorphisms and
CAD in all the models. However, when stratified by
status of HWE, the positive association still exist-
ed, but heterogeneity losses were found in controls
consistent with HWE. Four studies deviating from
the HWE have been included in the present me-
ta-analysis; after omitting these studies, the pooled
ORs became significant in four genetic models
without evidence of heterogeneity. These disqual-
ified studies may be potential sources of heteroge-
neity across studies for such differences.

The present study has some limitations. First,
though we collected all eligible studies, the num-
ber of qualified studies was not large. Second,
four studies did not conform to HWE. Third, al-
though we designed our study to evaluate the
effects of environmental modification such as
smoking, alcohol intake, physical activities, and
diet, few investigators have reported the effects of
these environmental factors, and the definition of
each stratum varied too much among studies. We
failed to analyze modification of the effects of this
polymorphism by environment factors.

In spite of the limitations, our meta-analysis
has some key advantages. First, the results should
be more reliable than those from a single study,
as cases and controls were pooled from different
studies and statistical power of the analysis was
significantly increased. Second, no publication
bias was found. Sensitive analyses conducted by
deselecting studies one by one in chronological
order revealed no significant changes or reversal
of results, which suggested that the result of the
present meta-analysis was stable and reliable.

In conclusion, this meta-analysis suggests that
the minor allele of the APOA1-75G/A polymor-
phism is a protective factor for CAD, especially in
the studies consistent with HWE. Primary studies
of a large population are required to further evalu-
ate gene-gene and gene-environment interaction
effects of this polymorphism on CAD risk in differ-
ent ethnicities.
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