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Abstract: Coronary artery disease (CAD) is a major cause of mortality and morbidity around the whole world. The 
polymorphisms of Apolipoprotein A-I (Apo-A1), including rs670 (-75 G/A) and rs5069 (+83 C/T), have been found to 
be probably associated with the risk of CAD. However, the results were inconsistent. To determine the association 
between Apo-A1 rs670 and rs5069 polymorphisms with CAD, we conducted the meta-analysis of all available stud-
ies cited in Pubmed, Embase, CBM and CNKI before 11 Mar 2017. A total of 6 studies, including 1358 cases and 
863 controls, were identified for the meta-analysis. The results showed that rs670 and rs5069 had no significant 
associations with risk of CAD in the overall analysis. But in subgroup analysis by ethnicity, the GG of rs670 was 
associated with a significantly lower risk of CAD in allelic model (OR = 0.61, 95% CI = 0.61 [0.38, 0.96], p = 0.03) 
and homozygous model (OR = 0.25, 95% CI = 0.25 [0.15, 0.44], p<0.00001) in Caucasians, the GG of rs670 was 
associated with a significantly higher risk of CAD in homozygous model (OR = 2.12, 95% CI = 2.12 [1.27, 3.53], p 
= 0.004) in Asian, and a lower risk of CAD for the CC genotype and C allele of rs5069 in allelic model (OR = 0.21, 
95% CI = 0.21 [0.06, 0.72], p = 0.01) and homozygous model (OR = 0.11, 95% CI = 0.11 [0.04, 0.32], p<0.00001) 
in Caucasians. In conclusion, this study suggested that Apo-A1 rs670 and rs5069 had no significant associations 
with risk of CAD in the overall analysis. However, the results of this meta-analysis are hypothesis-generating results 
which should be interpreted with caution because of the heterogeneity and publication bias among study designs. 
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Introduction 

Cardiovascular Diseases (CVDs) is the major 
cause of death around the world. According to 
the World Health Organization (WHO) report in 
2014, more than 17.5 million individuals died 
from cardiovascular disease in 2012, account-
ing for 46.2% of noncommunicable diseases 
death [1]. Coronary artery disease (CAD), one of 
the CVDs, has a complex pathogenesis gener-
ated by interactions between genetic and envi-
ronment risk factors. Besides the environmen-
tal risk factors, many studies discussed an 
association of gene polymorphisms with the 
risk of CAD.

Apo-A1 is the main protein component of high 
density lipoprotein (HDL) which provides pro-
tection against atherosclerosis. The human 

Apo-A1 gene is located in chromosome 11q23 
[2]. The polymorphisms in Apo-A1 have been 
found to be probably associated with the risk of 
CAD. However, the results were controversial 
results. Some studies have showed that the 
Apo-A1 polymorphisms, including rs760 and 
rs5069, were related to the risk of CAD [3-7], 
while others considered they were not [8]. Thus, 
in this study, we included 6 studies (1358 cases 
and 863 controls) to obtain a more accurate 
and comprehensive estimation of the associa-
tion between these polymorphisms and CAD. 

Experimental section

Publication search strategy 

We used the following electronic databases  
to search studies: Pubmed, Embase, Chinese 
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National Knowledge Infrastructure (CNKI), and 
Chinese Biomedical Literature Database (CBM). 
The search terms and key words were (“Co- 
ronary artery disease”, or “CAD”), (“Apo-A1”), 
and (“polymorphism” or “mutation” or “SNP” or 
“single nucleotide polymorphism”), without re- 
strictions to language. The deadline for publica-
tion was 11 Mar 2017. All the results from the 
databases were read. First, we read the title. If 
the titles met our criteria, we then read the 
abstract. We read the full text if the abstract 
also met our criteria to determine eligible 
studies.

Inclusion criteria and exclusion criteria

Inclusion criteria: (1) case-control design; (2) 
the association of Apo-A1 rs670 or rs5069 
polymorphisms with CAD risks should be evalu-
ated; (3) sufficient data should be provided for 
this estimation.

Exclusion criteria: (1) abstracts, letters, reviews 
and master degree thesis; (2) repeat publica-
tions; (3) studies not satisfying all of the inclu-
sion criteria.

Data extraction

We extracted information from each included 
study by two investigators independently. Any 
discrepancy between the reviewers was re- 
solved by consensus or a third investigator. For 
each study, we gathered the first authors’ 
name, publishing year, country, ethnicity, geno-
typing method, age and sex match, genotype 
numbers and source of cases and controls. 

Statistical methods

We evaluate the HWE of the control group poly-
morphism by χ2-test. If p<0.05, it was consid-
ered to be deviated from HWE. 

We used the odds ratio (OR) with 95% confi-
dence interval (CI) to assessed the association 
between Apo-A1 polymorphisms and CAD risk. 
The pooled ORs were calculated in homozy-
gous, heterozygous, dominant, and allelic gene- 
tic model. The statistical significance was eval-
uated by the Z-test, p<0.05 was considered to 
be statistically significant. 

Heterogeneity between studies was evaluated 
by an I2 statistical test, which was not depen-
dent on the number of studies in the present 
study [10]. I2>50% was considered an obvious 
heterogeneity among the studies, the random-
effects model was used for the meta-analysis 
[11]. Otherwise, the fixed-effect model was 
used [12]. Subgroup analysis was conducted to 
identify the heterogeneity.

Sensitivity analysis was conducted to detect 
the effect of each study on pooled results and 
the stability of results.

To detect publication bias, we used Begg’s fun-
nel plot and Egger’s linear regression method, 
and p<0.05 was regarded as statistically sig-
nificant [13]. 

All statistical analysis was performed using the 
STATA 12.0 software and Revman 5.3.

Figure 1. PRISMA flowchart of 
study inclusion and exclusion.

Quality assessment

We evaluated the quality of 
the included studies accord-
ing to the predefined scale 
for quality assessment [9]. 
The score scale includes 
total sample size, source of 
cases, source of controls, 
specimens used for deter-
mining genotypes, and evi-
dence of Hardy-Weinberg 
equilibrium (HWE). The quali-
ty scores range from 0-15, 
higher scores indicating bet-
ter quality. Generally consid-
ered publications scoring 
≥10 were “high quality”, and 
those <10 were “low quality”. 
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Table 1. Characteristics of eligible studies included in the meta-analysis
Apo-A1 rs670 and CAD 

Author Year Country Ethnicity Genotype 
method

Sex/age 
match

Quality 
score

Sample size 
(case/control)

Case Control HWE of 
controlGG GA AA GG GA AA

S. Chhabra [3] 2005 India Caucasians PCR match 10 164/36 102 51 11 29 7 0 0.518
Himanshu Rai [8] 2016 India Caucasians PCR-RFLP match 10 200/200 117 71 12 118 75 7 0.236
BiHong Liao [4] 2015 China Asian PCR-RFLP match 8 300/300 175 104 21 161 100 39 <0.01
Zou Yangchun [5] 2003 China Asian PCR match 9 92/45 78 8 6 26 12 7 0.019

X.L. Wang [6] 1996 Australia Caucasians PCR match 11 462/182 306 133 23 125 55 2 0.129
Taranjit Singh Rai [7] 2008 India Caucasians PCR match 9 140/100 45 44 51 51 39 10 0.533

Apo-A1 rs5069 and CAD

Author Year Country Ethnicity Genotype 
method

Sex/age 
match

Quality 
score

Sample size 
(case/control)

Case Control HWE of 
controlCC CT TT CC CT TT

BiHong Liao [4] 2015 China Asian PCR-RFLP match 8 300/300 221 54 25 230 39 31 <0.01
Zou Yangchun [5] 2003 China Asian PCR match 6 92/45 77 10 5 30 8 7 <0.01
X.L. Wang [6] 1996 Australia Caucasians PCR match 11 462/182 420 42 0 175 7 0 0.791
Taranjit Singh Rai [7] 2008 India Caucasians PCR match 6 140/100 44 74 22 89 6 5 <0.01

Table 2. Pooled ORs and 95% CIs of the association between Apo-A1 rs670, rs5069, and CAD risks
Apo-A1 rs670 and CAD

Genetic model N OR (95% CI) P I2 (%) Model Genetic model N OR (95% CI) P I2 (%) Model
GG vs. AA Overall 6 0.59 [0.19, 1.76] 0.34 85 R GG vs. GA Overall 6 1.04 [0.75, 1.44] 0.83 58 R

Asian 2 2.12 [1.27, 3.53] 0.004 0 F Asian 2 2.01 [0.48, 8.32] 0.34 86 R
Caucasians 4 0.25 [0.15, 0.44] <0.00001 23 F Caucasians 4 0.92 [0.72, 1.17] 0.51 0 F

GG vs. AA/GA Overall 6 0.95 [0.61, 1.48] 0.82 80 R G vs. A Overall 6 0.89 [0.54, 1.45] 0.63 89 R
Asian 2 2.09 [0.64, 6.82] 0.22 86 R Asian 2 1.99 [0.80, 4.93] 0.14 85 R
Caucasians 4 0.69 [0.46, 1.04] 0.08 63 R Caucasians 4 0.61 [0.38, 0.96] 0.03 80 R

Apo-A1 rs5069 and CAD
Genetic model N OR (95% CI) P I2 (%) Model Genetic model N OR (95% CI) P I2 (%) Model
CC vs. TT Overall 4 0.78 [0.14, 4.44] 0.78 91 R CC vs. CT Overall 4 0.39 [0.10, 1.58] 0.19 93 R

Asian 2 1.80 [0.63, 5.13] 0.27 61 R Asian 2 1.08 [0.38, 3.07] 0.89 72 R
Caucasians 2 0.11 [0.04, 0.32] <0.00001 - F Caucasians 2 0.13 [0.01, 1.22] 0.07 93 R

CC vs. TT/CT Overall 4 0.47 [0.11, 1.98] 0.30 95 R C vs. T Overall 4 0.60 [0.18, 2.03] 0.41 95 R
Asian 2 1.38 [0.47, 4.05] 0.55 82 R Asian 2 1.53 [0.57, 4.10] 0.40 86 R
Caucasians 2 0.15 [0.02, 1.01] 0.05 92 R Caucasians 2 0.21 [0.06, 0.72] 0.01 83 R

R: Random model; F: Fixed model.
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Results

Characteristics of eligible studies

A total of 294 studies were found from the lit-
erature search after duplicates were removed. 

Among them, 243 studies were excluded for 
irrelevance and reviews, 15 were master’s 
degree theses, and 30 full text articles exclud-
ed according to inclusion and exclusion criteria. 
Finally, 6 studies met the criteria, including 
1358 cases and 863 controls [4-10]. Among 

Figure 2. Forest plots of odds ratios for the association of Apo-A1 rs670 with risk of CAD.
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them, 6 studies described the associations 
between Apo-A1 rs670 and CAD, and 4 studies 
described the associations between Apo-A1 
rs5069 and CAD. The PRISMA flowchart is 
shown in Figure 1 and the information for 
included studies is presented in Table 1.

Results of meta-analysis

The results of the meta-analysis for the associ-
ations between Apo-A1 rs670, rs5069 and CAD 
risks were shown in Table 2 and Figures 2, 3. 

Apo-A1 rs670 and CAD

Six studies, with 1358 cases and 863 controls, 
were included in this study. No significant asso-
ciations were found between Apo-A1 rs670 and 
CAD susceptibility in overall analysis for all 
genetic models. But in subgroup analysis by 
ethnicity, the rs670 was associated with a sig-
nificantly lower risk of CAD in allelic model (G 
vs. A, OR = 0.61, 95% CI = 0.61 [0.38, 0.96], p 
= 0.03) and homozygous model (GG vs. AA, OR 

Figure 3. Forest plots of odds ratios for the association of Apo-A1 rs5609 with risk of CAD.
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= 0.25, 95% CI = 0.25 [0.15, 0.44], p<0.00001) 
in Caucasians, and associated with a signifi-
cantly higher risk of CAD in homozygous model 
(GG vs. AA, OR = 2.12, 95% CI = 2.12 [1.27, 
3.53], p = 0.004) in Asian.

Apo-A1 rs5069 and CAD

Four studies, with 994 cases and 622 controls, 
were included in this study. No significant asso-
ciations were found between Apo-A1 rs5069 
and CAD susceptibility in overall analysis for all 
genetic models. But subgroup analysis by eth-

the heterogeneity still existed in allelic and 
dominant model. In addition, for rs5069, signifi-
cant heterogeneity existed in all genetic mod-
els. Although we also performed subgroup 
analysis, we failed to explain the source of the 
heterogeneity.

Sensitivity analysis

The influence of each study on the pooled OR 
and 95% CI was evaluated by excluding one 
single study at a time using STATA 12.0 soft-
ware. The analysis showed that no single indi-
vidual study significantly affected the pool OR 
in all genetic models for rs670 and rs5069 
(only the heterozygous model of rs670 results 
are shown in Figure 4).

Publication bias

To assess the publication bias, the Begg’s and 
Egger’s test were performed. The p values for 
Begg’s and Egger’s tests are shown in Tables 3, 
4. These results showed that there was no evi-
dence of publication bias in all comparison 
models. These results were also demonstrated 
by the shape of the funnel plot (the homozy-
gous model of rs670 and the allelic model of 
rs5069 results are shown in Figures 5, 6).

Discussion

Previous studies have reported the importance 
of inflammation in the risk of atherosclerosis 

Table 3. Egger’s and Begg’s test for the publi-
cation bias of rs670

Genetic model Egger’s test p 
Value

Begg’s Test p 
Value

GG vs. AA 0.477 0.707
GG vs. GA  0.733 0.707
GG vs. AA/GA 0.896 0.707
G vs. A 0.957 0.707

Figure 4. The influence of each study by removal of individual studies for GG 
vs. GA model of Apo-A1 rs670.

Table 4. Egger’s and Begg’s test for the publi-
cation bias of rs5069

Genetic model Egger’s test p 
Value

Begg’s Test p 
Value

CC vs. TT 0.828 1.000
CC vs. CT 0.690 1.000
CC vs. TT/CT 0.726 0.734
C vs. T 0.769 1.000

nicity discovered CC geno-
type of rs5069 was associ-
ated with a significantly lower 
risk of CAD in allelic model (C 
vs. T, OR = 0.21, 95% CI = 
0.21 [0.06, 0.72], p = 0.01) 
and homozygous model (CC 
vs. TT, OR = 0.11, 95% CI  
= 0.11 [0.04, 0.32], p< 
0.00001) in Caucasians. 

Test of heterogeneity

For Apo-A1 rs670 polymor-
phism, there was significant 
heterogeneity between stud-
ies in all comparison models. 
However, in the subgroup 
analysis of ethnicity, hetero-
geneity decreased or even 
disappeared in homozygous 
and heterozygous model. But 
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[14]. HDL is involved in reverse cholesterol 
transport and has important anti-inflammatory 
and anti-oxidant properties [15]. Apo-A1, which 
is the major protein of HDL, is a major partici-
pant in the regulation of reverse cholesterol 
transport [16]. The variation in the Apo-A1 gene 
was associated with Apo-A1 serum concentra-
tions [17-19], and serum levels of Apo-A1 may 
influence the risk of CAD [18, 20, 21], diabetic 
retinopathy [22].

Recently, several SNPs in Apo-A1 have been 
studied to investigate their relations with CAD 
risk. Rs670 has gained the greatest attention 

the small sample size. Therefore, further stud-
ies need larger sample size to confirm the 
results.

Significant heterogeneity was found in this 
study for rs670 and rs5069. Thus, we conduct-
ed subgroup analysis by ethnicity and found 
that it was in part sources of the heterogeneity 
for rs670 and rs5069. Thus, further studies are 
needed to confirm these results. In the sensitiv-
ity analysis, no significant changes were found 
when omitting each study one at a time, show-
ing the relative stability and credibility of the 
results of this study. 

Figure 5. Begg’s funnel plot with pseudo 95% confidence limits for homozy-
gous model (GG vs. AA) of rs670.

Figure 6. Begg’s funnel plot with pseudo 95% confidence limits for allelic 
model (C vs. T) of rs5069.

in these involved studies, 
some of which found a sig-
nificant association between 
rs670 and CAD, while others 
denied it. 

In the present meta-analysis 
of 6 studies including 1358 
cases and 863 controls, we 
found that Apo-A1 rs670 and 
rs5069 had no significant 
associations with risk of CAD 
in the overall analysis. But in 
subgroup analysis by ethnici-
ty, the GG of rs670 was asso-
ciated with a significantly 
lower risk of CAD in allelic 
model (OR = 0.61) and homo-
zygous model (OR = 0.25) in 
Caucasians, the GG of rs670 
was associated with a signifi-
cantly higher risk of CAD in 
homozygous model (OR = 
2.12) in Asian, and a lower 
risk of CAD for the CC geno-
type and C allele of rs5069 
in allelic model (OR = 0.21) 
and homozygous model (OR 
= 0.11) in Caucasians. In the 
subgroup analysis of ethnici-
ty, we found that the oppo-
site directions of the obse- 
rved association among Ca- 
ucasians and Asians, which 
may be related to the differ-
ence in race.

We found that significant 
deviation from HWE (p<0.05) 
in one of the rs670 studies 
and three of the rs5069 
studies, which may be due to 
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Since no significant p-values for rs670 and 
rs5069 through Begg’s and Egger’s test were 
found in this study, we think that several limita-
tions should be considered. Firstly, only 6 stud-
ies were included and all studies were small 
sample sizes in this study. There are not large-
scale studies available. Secondly, heterogene-
ity may have distorted the meta-analysis. 
Furthermore, studies only in English or Chinese 
have been searched. There might be studies in 
other languages which are not included. Thus, 
the conclusion in the present meta-analysis 
might be only of generalizability for Asians. The 
last limitation is that CAD is a multifactorial dis-
ease influenced by both genetic and environ-
mental factors, but most studies lack the infor-
mation on multiple SNPs in haplotypes and 
environmental exposure.

Conclusions

In conclusion, this study suggested that Apo-A1 
rs670 and rs5069 had no significant associa-
tions with risk of CAD in the overall analysis. 
But the GG of rs670 was associated with a sig-
nificantly lower risk of CAD in allelic model (OR 
= 0.61) and homozygous model (OR = 0.25) in 
Caucasians and the GG of rs670 was associat-
ed with a significantly higher risk of CAD in 
homozygous model (OR = 2.12) in Asian. In 
addition, the CC genotype and C allele of rs- 
5069 was associated with a significantly lower 
risk of CAD for in allelic model (OR = 0.21) and 
homozygous model (OR = 0.11) in Caucasians. 
However, the results of this meta-analysis are 
hypothesis-generating results which should be 
interpreted with caution because of the hetero-
geneity and publication bias among study 
designs. Further studies are required to evalu-
ate the association between Apo-A1 polymor-
phisms and CAD in various ethnic groups.
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