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1. Introduction

Coronary artery disease (CAD) is the leading cause 
of death and disability, which is believed to have 
a multifactorial genetic basis involving a number 
of genes and environmental factors that interact 
to contribute towards individual susceptibility (1). 

Epidemiological and clinical studies have shown that 
increased triglyceride (TG) concentrations are an 
independent risk factor of CAD (2,3). TG levels may 
be altered by a variety of genetic and environmental 
factors, and twin studies have also shown a strong 
genetic contribution to TG levels (4). Apolipoprotein 
gene cluster APOA1/C3/A4/A5 on chromosome 
11q23 plays a pivotal role in TG metabolism (5), 
and apolipoprotein A5 (APO A5) has emerged as an 
important modulator of serum TG concentration (6). 
The APO A5 protein is predominantly synthesized in 
the liver. Overexpression of the APO A5 gene in mice 
resulted in elevated levels of plasma APO A5 and a 
marked decrease in plasma TG concentration. A 4-fold 
increase of serum TG levels can be found in the APO 
A5 knockout mice (6,7). In humans, variations of the 
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APO A5 gene have been found to be associated with 
serum TG concentrations across ethnic groups (8-10). 
 APO A5 -1131T>C and S19W polymorphisms 
have been reported to be associated with an increased 
risk of CAD in multiple ethnic populations probably 
through its association with hypertriglyceridemia 
(11-14). However, there are also discrepant reports 
of no association between APO A5 -1131T>C 
and S19W polymorphisms and CAD risk (15-17). 
Therefore, the relation between APO A5 -1131T>C 
and S19W polymorphisms and risk of CAD remains 
controversial. To elucidate this discrepancy, we 
performed a meta-analysis of all available case-control 
studies to explore the association between the APO A5  
polymorphisms and risk of CAD.

2. Materials and Methods

2.1. Study Selection

To identify all the articles that examined association 
of APO A5 polymorphisms with coronary artery 
disease, we conducted a comprehensive search of 
PubMed and EMBASE (the last searching update was 
May 28, 2011). Search terms included apolipoprotein 
A-V or apolipoprotein AV or apolipoprotein A5 or 
APOAV or APOA-V or APO A5; gene, polymorphism, 
or genetic variant; and myocardial infarct, myocardial 
infarction, coronary artery disease, coronary heart 
disease, myocardial ischemia, ischemic heart disease, 
angina, acute coronary syndrome, acute coronary 
syndromes, ACS, coronary calcification, coronary 
flow reserve, ischemic heart failure, heart failure, 
or ischemic cardiomyopathy.  We also screened 
references of the retrieved articles and review articles 
by a hand search.
 Eligible studies were included that fulfilled the 
following criteria: (i) association studies using an 
unrelated case-control design; (ii) complete data with 
genotype and allele frequencies. Cases were CAD, 
with the diagnosis based on angiographic or clinical 
criteria. Data from a study presented only in the 
form of an abstract and duplication studies were not 
included. Studies without genotype frequency were 
not included if the relevant information could not be 
obtained from the authors. 

2.2. Data extraction

For each study, that met our criteria, the following 
information was collected: first author, year of 
publication, country of origin, ethnicity, criteria of 
diagnosis, number of cases and controls, genotype 
distribution, genotyping methods and allele frequency. 
All the searching work and data extraction work were 
conducted by two independent investigators (Zhang and 
Peng), and they reached a consensus on all items.

2.3. Statistical analysis

The strength of  associat ion between APO A5 
polymorphisms and CAD was measured by odds ratio 
(OR) corresponding to a 95% confidence interval (CI) 
according to the method of Woolf (18). Heterogeneity 
between studies was assessed by Cochran's χ2-based 
Q statistic test (19). Where p-value for heterogeneity 
was less than 0.05, a random-effects model using the 
DerSimonian and Laird method (20) was used to pool 
the results; otherwise, a fixed-effects model using 
the Mantel-Haenszel method was adopted (21). In 
order to better evaluate the extent of heterogeneity 
between studies, the I2 test was also used. This statistic 
yields results ranged from 0 to 100% (I2 = 0-25%, no 
heterogeneity; I2 = 25-50%, moderate heterogeneity; I2 
= 50-75%, large heterogeneity; I2 = 75-100%, extreme 
heterogeneity) (22). For the APO A5 -1131T>C 
promoter polymorphism, we investigated associations 
between the genetic variant and coronary artery 
disease risk in a recessive genetic model (C/C vs. C/T 
+ T/T), dominant genetic model (C/C + C/T vs. T/T) 
and allelic contrast (C vs. T). For the APO A5 S19>W 
polymorphism, we investigated associations between 
the genetic variant and coronary artery disease risk 
in a recessive genetic model (W/W vs. W/S + S/S), 
dominant genetic model (W/W + W/S vs. S/S) and 
allelic contrast (W vs. S). The significance of the pooled 
OR was determined by the Z-test (p < 0.05 suggests a 
significant association). 
 Hardy-Weinberg equilibrium (HWE) was tested by 
χ2 test at a significant level of α < 0.05. Publication bias 
was investigated by funnel plots (23) and by Egger's 
linear regression test (24). 
 To examine specific subsets in these studies, 
separate analyses were used. A sensitivity analysis was 
performed to assess the influence of each study in which 
an individual study was removed each time. Likewise, 
a cumulative analysis was performed according to the 
ascending date of publication to identify influence of 
the first published study on subsequent publications 
and evolution of the combined estimates over time 
(25). Statistical analyses were all carried out using the 
STATA software package v 10.0 (Stata Corporation, 
College Station, TX). All p-values were two sided.

3. Results

3.1. Study characteristics

One hundred and thirty-three eligible studies were 
identified by our search strategy. One hundred and eight 
studies were excluded after title and abstract screening 
using the predefined inclusion and exclusion criteria. 
Then full text articles were retrieved for assessment 
in detail. In the end, 13 studies which investigated 
the association between the APO A5 -1131T>C 
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 For the APO A5 S19>W polymorphism and its 
relationship to CAD, significant heterogeneity was 
found under the dominant genetic model (I2 = 76.3%, 
p = 0.002) and allelic contrast (I2 = 75.7%, p = 0.002), 
but not found under the recessive genetic model 
(I2 = 76.3%, p = 0.002). We observed no statistical 
association between APO A5 S19>W polymorphism 
and risk of CAD under the dominant genetic model 
(W/W + W/S vs. S/S, OR = 1.23, 95% CI = 0.76-2.00) 
and allelic contrast (W vs. S, OR = 1.30, 95% CI = 
0.83-2.05), but strong association under the recessive 
genetic model (W/W vs. W/S + S/S, OR = 6.39, 95% 
CI = 2.68-15.24).

3.3. Publication bias

For the APO A5 -1131T>C polymorphism, the shape 
of funnel plots showed no obvious asymmetry and 
the result of the Egger's test did not show statistical 
evidence for bias either (Figure 3). For the APO 
A5 S19>W polymorphism, no publication bias was 
detected (data not shown).

4. Discussion

To the authors' knowledge, this is the first meta-
analysis investigating the association between the APO 
A5 polymorphisms and CAD. In the present study, 
the effect of allele frequency and the effects of the 
dominant and recessive models were estimated. This 
meta-analysis reveals that the minor allele frequency 
of the -1131T>C polymorphism in the promoter of the 
APO A5 gene significantly increased the susceptibility 
for CAD. This effect was more pronounced in Chinese 
subjects. 
 The APO A5 -1131T>C polymorphism has been 
reported to be associated with the risk of CAD. This 
association has been shown to be mediated by TG 
levels in human studies. Bi et al. (11) found that CC 
homozygotes had approximately a twofold CAD risk 
compared with subjects with the TT genotype and the 
-1131C allele was correlated with increased levels of 
plasma TG in Chinese subjects. In a recent study, Jang 
et al. (32) reported that the homozygosity of the -1131C 
allele was associated with 47% higher TG as compared 
with TT subjects in Korean CAD patients. Similarly, 
our findings suggest that there is a modest association 
between the APO A5 -1131T>C polymorphism and 
CAD (recessive genetic model: OR = 1.73, 95% CI 
= 1.37-2.19; dominant genetic model: OR = 1.42, 
95% CI = 1.25-1.61; allelic contrast: OR = 1.31, 
95% CI = 1.22-1.39, respectively). In a recent meta-
analysis of the association of the APO A5 -1131T>C 
polymorphism and fasting blood lipids, Zhao et al. 
found a strong association of the APO A5 -1131 T>C 
polymorphism with higher levels of TG (35). The 
-1131T>C polymorphism is located in the promoter 

polymorphism and risk of CAD were selected in this 
meta-analysis with 5,050 cases and 7,272 controls 
(11,12,14,16,17,26-33). For the S19W APOA5 gene 
polymorphisms, 5 studies were included in the meta-
analysis with 2,196 cases and 3,933 controls (14,16, 
17,27,34). Characteristics of included studies are 
summarized in Table 1 and Table 2. Polymerase chain 
reaction-restriction fragment length polymorphism was 
the most commonly used genotyping method in these 
studies. 

3.2. Main Results, Sensitivity, and Cumulative Analyses

For the APO A5 -1131T>C polymorphism and its 
relationship to CAD, significant heterogeneity was 
found under the recessive genetic model (I2

 = 52.2%, 
p = 0.014), and dominant genetic model (I2 = 51.6%, 
p = 0.016). Therefore, the random-effects model 
(DerSimonian and Laird) was applied. No significant 
heterogeneity was found under allelic contrast (I2 = 
26.4%, p = 0.177) by the Mantel-Haenszel fixed effects 
model.
 Significant statistical association was observed 
between the APO A5 -1131T>C polymorphism and 
CAD under the recessive genetic model (C/C vs. C/T + 
T/T, OR = 1.73, 95% CI = 1.37-2.19) (Figure 1). The 
same overall patterns were also observed under the 
dominant genetic model (C/C + C/T vs. T/T, OR = 1.42, 
95% CI = 1.25-1.61) (Figure 2) and allelic contrast 
(C vs. T, OR = 1.31, 95% CI = 1.22-1.39) (data not 
shown). 
 After restricting our analysis to Chinese individuals, 
associations were found stronger under the recessive 
genetic model (C/C vs. C/T + T/T, OR = 1.84, 95% CI 
= 1.47-2.30) and allelic contrast (C vs. T, OR = 1.39, 
95% CI = 1.21-1.60) (data not shown).
 When stratified by status of HWE (the presence 
or absence of HWE in controls), no significant 
heterogeneity was found under the recessive genetic 
model (presence of HWE: I2 = 26.5%, p = 0.192; 
absence of HWE: I2 = 0%, p = 0.376) in both groups, 
and the positive association still existed (data not 
shown). The same patterns were also observed under 
the dominant genetic model (data not shown).
 To investigate the influence of individual data of the 
APO A5 -1131T>C polymorphism sets on the pooled 
ORs, we deleted a single study involved in the meta-
analysis each time. No individual study had an undue 
influence on the summary ORs under the recessive 
genetic model, dominant genetic model or allelic contrast 
(Table 3). We also performed a cumulative meta-analysis 
to identify the influence of the initial study on the 
subsequent publications. The influential role of the study 
of Bi et al. (11) was obvious in the cumulative random 
effects meta-analysis under the recessive genetic model, 
and the study of Hubacek et al. (27) was obvious under 
the dominant genetic model (Table 3).
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region of the APO A5 gene and there is no transcription 
factor binding sites identified in this location. 
Therefore, it is justified that the -1131T>C variant may 
not be functional. However, -1131C may affect the 
transcriptional activity of the APO A5 gene. In addition, 
Vaessen et al. (10) has suggested that association of 
-1131T>C with CAD is likely attributable to linkage 
disequilibrium with APOC3 variants or to other closely 
linked genetic variations.

169

 In the present study, the minor allele frequency of 
the APO A5 -1131T>C polymorphism has been found 
to be a stronger association with the risk of CAD in 
Chinese subjects. This may due to higher frequency of 
the C allele in Chinese as compared with others (case: 
0.372-0.432; control: 0.277-0.344, respectively). As 
the CAD mortality rates in China have dramatically 
increased in recent years (36), the presence of the APO 
A5 -1131C allele may have more impact on CAD risk 

Figure 1. Random effects odds ratio (OR) for association between the APO A5 -1131T>C polymorphism and risk of CAD 
(C/C vs. C/T + T/T). Size of the gray box is proportional to weight of the corresponding study. Pooled estimate is displayed as a 
diamond. Bars, 95% confidence interval (CI).

Figure 2. Random effects odds ratio (OR) for association between the APO A5 -1131T>C polymorphism and risk of CAD 
(C/C + C/T vs T/T). Size of the gray box is proportional to weight of the corresponding study. Pooled estimate is displayed as a 
diamond. Bars, 95% CI.
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in Chinese subjects. When stratified by status of HWE, 
the positive association still existed, but significant 
heterogeneity losses were found in both groups, 
suggesting that the status of HWE might be a potential 
source of between-study heterogeneity.
 The present meta-analysis also supported an 
association between the APO A5 S19>W polymorphism 
and its relationship to CAD: the minor allele under a 
recessive model provided evidence of risk. This result 
should be interpreted with some degree of caution, 
because the numbers of studies and participants were 
relatively small. 
 The present study has some limitations. First, 
though we have collected all eligible studies, the 
number of qualified studies was not large. Second, 
all included studies had a case-control design. Third, 
although we had designed our study to evaluate effects 
of environmental modification such as smoking, alcohol 
intake, physical activities, and diets, few investigators 
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. 

Figure 3. Begg's funnel plot for publication bias test of 
the APO A5 -1131T>C polymorphism with pseudo 95% 
confidence limits. (A) recessive genetic model. (B) dominant 
genetic model. Each point represents a separate study for the 
indicated association. Horizontal line represents the mean 
effects size.

Ta
bl

e 
3.

 S
en

si
tiv

ity
 a

nd
 c

um
ul

at
iv

e 
an

al
ys

es
 fo

r 
co

nt
ra

st
 o

f d
iff

er
en

t g
en

et
ic

 m
od

el
s o

f A
PO

 A
5 

-1
13

1T
>C

 p
ol

ym
or

ph
is

m

A
ut

ho
rs

B
i e

t a
l. 

(1
1)

H
ub

ac
ek

 e
t a

l. 
(2

7)
Sz

al
ai

 e
t a

l. 
(1

2)
Li

u 
et

 a
l. 

(1
4)

Ta
ng

 e
t a

l. 
(2

8)
Ya

n 
et

 a
l. 

(2
9)

H
su

 e
t a

l. 
(2

6)
Yu

 e
t a

l. 
(3

0)
M

ar
tin

el
li 

et
 a

l. 
(1

7)
Ja

ng
 e

t a
l. 

(3
2)

A
sh

ok
ku

m
ar

 e
t a

l. 
(3

1)
Pr

oc
ha

sk
a 

et
 a

l. 
(1

6)
Pa

rk
 e

t a
l. 

(3
3)

* G
en

de
r c

om
po

ne
nt

: n
um

be
r o

f m
al

e 
ca

se
s/

nu
m

be
r o

f f
em

al
e 

ca
se

s/
nu

m
be

r o
f m

al
e 

co
nt

ro
ls

/n
um

be
r o

f f
em

al
e 

co
nt

ro
ls

.

C
/C

 v
s. 

C
/T

 +
 T

/T
 

(r
ec

es
si

ve
 g

en
et

ic
 m

od
el

)

1.
60

 (1
.3

7,
 1

.8
6)

1.
50

 (1
.2

8,
 1

.7
4)

1.
59

 (1
.3

7,
 1

.8
4)

1.
55

 (1
.3

2,
 1

.8
2)

1.
59

 (1
.3

7,
 1

.8
6)

1.
61

 (1
.3

9,
 1

.8
7)

1.
56

 (1
.3

5,
 1

.8
2)

1.
57

 (1
.3

5,
 1

.8
2)

1.
61

 (1
.3

9,
 1

.8
7)

1.
69

 (1
.4

4,
 1

.9
8)

1.
57

 (1
.3

5,
 1

.8
3)

1.
59

 (1
.3

8,
 1

.8
5)

1.
80

 (1
.5

2,
 2

.1
3)

Se
ns

iti
vi

ty
 a

na
ly

si
s

C
/C

 +
 C

/T
 v

s. 
T/

T 
(d

om
in

an
t g

en
et

ic
 m

od
el

)

1.
38

 (1
.2

6,
 1

.5
0)

1.
42

 (1
.3

0,
 1

.5
5)

1.
36

 (1
.2

5,
 1

.4
8)

1.
36

 (1
.2

4,
 1

.4
8)

1.
38

 (1
.2

7,
 1

.5
1)

1.
37

 (1
.2

5,
 1

.4
9)

1.
42

 (1
.3

0,
 1

.5
5)

1.
38

 (1
.2

6,
 1

.5
0)

1.
35

 (1
.2

4,
 1

.4
7)

1.
38

 (1
.2

6,
 1

.5
1)

1.
36

 (1
.2

5,
 1

.4
9)

1.
38

 (1
.2

7,
 1

.5
0)

1.
42

 (1
.2

9,
 1

.5
6)

C
 v

s. 
T

(a
lle

lic
 c

on
tra

st
)

1.
30

 (1
.2

2,
 1

.3
9)

1.
31

 (1
.2

2,
 1

.4
0)

1.
29

 (1
.2

1,
 1

.3
8)

1.
28

 (1
.1

9,
 1

.3
7)

1.
30

 (1
.2

2,
 1

.3
9)

1.
30

 (1
.2

1,
 1

.3
8)

1.
32

 (1
.2

4,
 1

.4
1)

1.
30

 (1
.2

1,
 1

.3
8)

1.
31

 (1
.2

3,
 1

.4
0)

1.
31

 (1
.2

2,
 1

.4
1)

1.
29

 (1
.2

0,
 1

.3
8)

1.
30

 (1
.2

2,
 1

.3
9)

1.
35

 (1
.2

6,
 1

.4
5)

C
/C

 v
s. 

C
/T

 +
 T

/T
 

(r
ec

es
si

ve
 g

en
et

ic
 m

od
el

)

1.
61

 (0
.9

8,
 2

.6
3)

2.
32

 (1
.6

2,
 3

.3
2)

2.
37

 (1
.6

7,
 3

.3
6)

2.
17

 (1
.6

7,
 2

.8
2)

2.
06

 (1
.6

3,
 2

.6
1)

1.
98

 (1
.5

7,
 2

.4
8)

2.
02

 (1
.6

3,
 2

.5
0)

2.
05

 (1
.6

7,
 2

.5
2)

2.
01

 (1
.6

4,
 2

.4
6)

1.
78

 (1
.4

9,
 2

.1
2)

1.
80

 (1
.5

2,
 2

.1
2)

1.
80

 (1
.5

3,
 2

.1
3)

1.
60

 (1
.3

8,
 1

.8
5)

C
um

ul
at

iv
e 

an
al

ys
is

C
/C

 +
 C

/T
 v

s. 
T/

T 
(d

om
in

an
t g

en
et

ic
 m

od
el

)

1.
41

 (1
.0

2,
 1

.9
5)

1.
18

 (0
.9

5,
 1

.4
6)

1.
30

 (1
.0

7,
 1

.5
7)

1.
40

 (1
.2

0,
 1

.6
3)

1.
39

 (1
.2

1,
 1

.6
0)

1.
43

 (1
.2

5,
 1

.6
4)

1.
34

 (1
.1

8,
 1

.5
2)

1.
35

 (1
.1

9,
 1

.5
2)

1.
41

 (1
.2

5,
 1

.5
8)

1.
40

 (1
.2

7,
 1

.5
5)

1.
43

 (1
.3

0,
 1

.5
7)

1.
42

 (1
.2

9,
 1

.5
6)

1.
38

 (1
.2

7,
 1

.5
0)

C
 v

s. 
T

(a
lle

lic
 c

on
tra

st
)

1.
33

 (1
.0

5,
 1

.6
7)

1.
31

 (1
.1

1,
 1

.5
4)

1.
38

 (1
.1

9,
 1

.6
2)

1.
43

 (1
.2

7,
 1

.6
1)

1.
41

 (1
.2

6,
 1

.5
7)

1.
42

 (1
.2

8,
 1

.5
7)

1.
36

 (1
.2

4,
 1

.5
0)

1.
38

 (1
.2

5,
 1

.5
1)

1.
36

 (1
.2

4,
 1

.4
9)

1.
33

 (1
.2

3,
 1

.4
4)

1.
35

 (1
.2

6,
 1

.4
6)

1.
35

 (1
.2

6,
 1

.4
5)

1.
30

 (1
.2

2,
 1

.3
9)

170



www.biosciencetrends.com

BioScience Trends. 2011; 5(4):165-172.

 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 analysis was significantly increased. 
Second, no publication bias was found. Sensitive 
analyses conducted by deselecting studies one by one 
in chronological order found no significant changes and 
reversal of results, which suggested the result of the 
present meta-analysis, was stable and reliable.
 In conclusion, this meta-analysis suggests that the 
minor allele of the APO A5 -1131T>C polymorphism 
is a risk factor for CAD, especially in the Chinese 
population. Primary studies of a large population 
are required to further evaluate gene-gene and gene-
environment interactions of this polymorphism on CAD 
risk in different ethnicities.
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