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Abstract: Many epidemiologic studies have investigated the plasminogen activator inhibitor-1 (PAI-1) gene 4G/5G 
polymorphism and this association with coronary artery disease (CAD). But definite conclusions can not be drawn. 
Related studies were identified from PubMed, Springer Link, Ovid, Chinese Wanfang Data Knowledge Service Plat-
form, Chinese National Knowledge Infrastructure (CNKI), and Chinese Biology Medicine (CBM) till 10 August 2014. 
Pooled ORs and 95% CIs were used to assess the strength of the associations. A total of 53 studies including 20921 
CAD cases and 18434 controls were included. Significantly elevated CAD risk was found in overall analysis (OR = 
1.13, 95% CI: 1.05-1.21, P = 0.0009). In the subgroup analysis by races, significantly increased risk was found in 
Caucasians (OR = 1.11, 95% CI: 1.03-1.20, P = 0.005) and Asians (OR = 1.20, 95% CI: 1.01-1.42, P = 0.04). In 
the subgroup analysis by gender, significant association was found in males (OR = 1.15, 95% CI: 1.06-1.25, P = 
0.0008), but was not found in females (OR = 1.05, 95% CI: 0.92-1.20, P = 0.47). In the subgroup analysis by age, 
young populations showed increased CAD risk (OR = 1.19, 95% CI: 1.02-1.37, P = 0.02), but old populations did not 
show this association (OR = 1.01, 95% CI: 0.82-1.24, P = 0.93). This meta-analysis provides the evidence that PAI-1 
4G/5G polymorphism may contribute to the CAD development.

Keywords: Coronary artery disease, PAI-1, meta-analysis, polymorphism

Introduction

Coronary artery disease (CAD) is a complex dis-
ease with the interplay of multiple genetic and 
environmental factors precipitating its develop-
ment [1]. Several risk factors for CAD have been 
well established including heavy alcohol con-
sumption, family history, hypertension, diabe-
tes and hyperlipidemia [2] and it is widely 
believed that CAD and its associated risk fac-
tors are largely under genetic control [3].

Plasminogen activator inhibitor-1 (PAI-1) is con-
sidered to be an important regulatory element 
in fibrinolysis. The suppression of fibrinolysis 
due to high plasma concentrations of PAI-1 and 
increased plasma concentrations of factor VII, 
fibrinogen, and von Willebrand factor are asso-
ciated with the development of myocardial 
infarction (MI). Elevated PAI-1 levels appear to 
increase the risk of atherothrombotic events 
and may also promote the progression of vas-
cular disease [4]. Renckens et al. reported that 

PAI-1 deficiency mice showed a reduction in the 
early induction of IL-6, a main inflammatory 
cytokine, in plasma and tissues with subse-
quently lower acute phase protein levels [5]. 
Thus, PAI-1 could have a proinflammatory prop-
erty, thereby participating in CAD.

Plasma PAI-1 concentrations can be affected by 
several polymorphisms in the promoter region 
of the PAI-1 gene, including a common single-
base polymorphism (4 or 5 guanine) in the pro-
moter region of the gene, 675 base pairs 
upstream of the transcriptional start site [6]. 
Subjects homozygous for the 4G allele have 
plasma PAI-1 concentrations approximately 
25% higher than those of subjects who are 
homozygous for the 5G allele [7]. A series of 
studies have investigated the association 
between the PAI-1 4G/5G polymorphism and 
CAD susceptibility, but provided controversial or 
inconclusive results [6-56]. In order to lessen 
the impact of different genetic background, we 
performed this meta-analysis to assess the 
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Table 1. Data of the included studies

First author/Year Race Gender Age of 
case

No. of 
case

No. of 
control

Case Control
HWE Score

4G/4G 4G/5G 5G/5G 4G/4G 4G/5G 5G/5G
Dawson/1993 Caucasian Mixed < 45 107 73 29 51 27 23 24 26 Yes 5
Eriksson/1995 Caucasian Male < 45 93 100 40 38 15 26 54 20 Yes 7
Ye/1995 Caucasian Male 25-64 476 601 148 230 98 189 271 141 Yes 8
Mansfield/1995 Caucasian Male 61-70 38 122 20 15 3 37 67 18 Yes 5
Burzotta/1997 Caucasian Mixed > 45 108 175 32 46 30 52 86 37 Yes 6
Ridker/1997 Caucasian Male 62.9 374 495 101 191 82 133 247 115 Yes 7
Ossei-Gerning/1997 Caucasian NA 59.8 158 150 59 73 26 36 65 49 Yes 8
Iwai/1998 Asian Mixed 59.3 204 148 83 99 22 53 76 19 Yes 7
Kohler/1998 Caucasian Mixed 57-59 181 188 66 91 27 54 86 48 Yes 7
Pastinen/1998 Caucasian Mixed 58.1 151 150 46 74 31 30 80 40 Yes 8
Junker/1998 Caucasian Male 38.6 241 179 86 112 43 52 93 34 Yes 7
Sugano/1998 Asian Mixed 63.1 66 62 5 28 33 6 27 29 Yes 6
Ardissino/1999 Caucasian Mixed 40.7 200 200 38 93 69 32 102 66 Yes 7
Anderson 1/1999 Caucasian Mixed 63.7 375 978 105 193 77 303 457 218 Yes 7
Anderson 2/1999 Caucasian Mixed 62.5 898 329 267 433 198 97 155 77 Yes 7
Doggen/1999 Caucasian Male 56.1 331 302 88 170 73 84 150 68 Yes 6
Gardemann 1/1999 Caucasian Male 62.7 1791 594 624 985 362 167 305 122 Yes 9
Gardemann 2/1999 Caucasian Male 62.2 1214 1351 382 606 226 409 684 258 Yes 9
Grancha/1999 Caucasian Female 56.0 41 62 6 23 12 11 30 21 Yes 8
Beneš/2000 Caucasian Male 49.5 175 222 53 91 31 77 103 42 Yes 8
Canavy/2000 Caucasian Mixed 55.0 244 244 48 97 56 64 121 59 Yes 7
Hooper/2000 African Mixed 60.7 110 185 7 42 59 11 79 104 Yes 6
Mikkelsson/2000 Caucasian Male 47.9 68 164 18 38 12 29 78 57 Yes 5
Song/2000 Asian Mixed 60.7 158 139 62 64 32 54 60 25 Yes 6
Fu/2000 Asian Mixed 51.3 87 92 39 29 19 25 45 22 Yes 8
Viitanen/2001 Caucasian Mixed 56.0 118 110 29 65 24 28 51 31 Yes 6
Ortlepp/2002 Caucasian Mixed 58 100 100 36 48 16 24 54 22 Yes 5
Yamada/2002 Asian Female 62.5 589 704 215 300 75 315 316 73 Yes 6
ATVB/2003 Caucasian Mixed < 45 1210 1210 335 589 286 342 588 280 Yes 7
Crainich/2003 Caucasian Mixed 73.5 264 753 70 136 58 200 387 166 Yes 9
Juhan-Vague/2003 Caucasian Male < 60 483 507 125 249 109 133 269 105 Yes 8
Leander 1/2003 Caucasian Male 58.3 851 1051 256 415 153 283 542 203 Yes 7
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Leander 2/2003 Caucasian Female 61.5 361 505 103 180 61 153 226 110 Yes 7
Petrovič/2003 Caucasian Mixed 58.3 154 194 45 74 35 68 89 37 Yes 6
Zhan/2003 Asian Mixed 67.1 56 83 40 14 2 25 52 6 Yes 5
Tobin/2004 Caucasian Mixed 61.9 547 505 159 280 108 162 237 106 Yes 7
Pegoraro/2005 Asian NA < 45 195 300 42 99 54 65 132 103 Yes 8
Whiting Caucasian NA NA 881 261 263 427 191 78 121 62 Yes 6
Su/2006 Asian Mixed 54.5 812 931 272 390 150 275 446 210 Yes 8
Morange/2007 Caucasian Male 51.91 510 543 105 236 120 96 254 124 Yes 5
Sampaio/2007 Caucasian Mixed 34.4 115 104 23 47 45 16 45 43 Yes 7
Taymaz/2007 Caucasian NA NA 115 41 31 58 26 15 20 6 Yes 8
Onalan/2008 Caucasian Mixed 59.0 156 281 51 75 30 73 112 96 Yes 7
Sarecka/2008 Caucasian Mixed 43.8 178 202 38 94 46 69 103 30 Yes 6
Isordia-Salas/2009 Caucasian Mixed 40.0 127 127 9 64 54 17 38 72 Yes 7
Tàssies/2009 Caucasian Mixed 60.0 248 200 56 121 71 48 92 60 Yes 9
Var/2009 Caucasian Mixed 55.3 86 90 43 24 19 24 36 30 Yes 7
Abboud/2010 African Mixed 59.0 305 328 88 156 61 42 180 106 Yes 7
Cao/2010 Asian Mixed 64.6 116 60 61 41 14 15 27 18 Yes 8
Koch/2010 Caucasian Mixed 64 .0 3657 1211 1091 1787 779 360 590 261 Yes 9
Ahmed/2011 Caucasian Mixed 52.1 229 217 64 86 79 52 89 76 Yes 8
Ashavaid/2011 Asian Mixed 58.6 446 473 112 218 116 113 247 113 Yes 8
Lima/2011 Caucasian Mixed 60.0 123 38 46 34 43 12 12 14 Yes 6
HWE, Hardy-Weinberg equilibrium; NA, not available.
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relationship of PAI-1 4G/5G polymorphism with 
risk of CAD.

Materials and methods

Search for publications

We searched databases containing PubMed, 
Springer Link, Ovid, Chinese Wanfang Data 
Knowledge Service Platform, Chinese National 
Knowledge Infrastructure (CNKI), and Chinese 
Biology Medicine (CBM) up to 10 August 2014, 
using the following Mesh terms: (“coronary 
artery disease” [MeSH] or “coronary heart dis-
ease”) and (“PAI-1” or “plasminogen activator 
inhibitor-1”). The references from retrieved arti-
cles were also searched. There was no lan-
guage restriction.

Inclusion and exclusion criteria

Studies included in this meta-analysis have to 
meet the following criteria: (1) case-control 
study or cohort study studying on associations 
between PAI-1 4G/5G polymorphism and risk 
of CAD; (2) sufficient published data about 
sample size, odds ratio (OR), and their 95% con-
fidence interval (CI); (3) the distribution of the 
genotypes in control groups was in the Hardy-
Weinberg equilibrium (HWE). Studies were 
excluded when they were: (1) not case-control 
study or cohort study; (2) duplicate of previous 
publication; (3) based on incomplete data; (4) 
meta-analyses, letters, reviews, or editorial 
articles.

Data extraction and qualitative assessment

Data were independently extracted by two 
reviewers using a standardized data extraction 
form. Discrepancies were resolved by discus-
sion and if consensus was not achieved the 
decision was made by all the reviewers. The 

castle-Ottawa Scale (NOS) was used to evalu-
ate the methodological quality, which scored 
studies by the selection of the study groups, 
the comparability of the groups, and the ascer-
tainment of the outcome of interest. We consid-
ered a study awarded 0-3, 4-6, or 7-9 as a low-, 
moderate-, or high-quality study, respectively. 
Discrepancies were resolved by consensus and 
discussion.

Statistical analysis

Statistical analysis was conducted by using 
STATA statistical package (version 10, STATA, 
College Station, TX). The distributions of geno-
types in controls were tested by HWE using the 
Chi-square test. The association of polymor-
phisms of PAI-1 4G/5G polymorphism and CAD 
risk was estimated by odds ratio (ORs) with 
95% confidence intervals (CIs). The heterogene-
ity was tested by the Q-statistics with P-values 
< 0.1, and its possible sources of heterogeneity 
were assessed by Galbraith plot. The random 
effect model (DerSimonian and Laird) was 
selected to summarize the combined OR and 
their 95% CI. The significance of the pooled OR 
was determined by the Z test. Cumulative meta-
analysis was also conducted. Publication bias 
was investigated with the funnel plot, in which 
the Standard Error (SE) of log OR of each study 
was plotted against its OR. Funnel-plot asym-
metry was further assessed by the method of 
Egger’s linear regression test [57]. All the P val-
ues were two sided. P value less than 0.05 was 
considered statistically significant.

Results

Characteristics of studies

According to the inclusion criteria, 53 case-con-
trol studies [6-56] were included. The publica-

Table 2. Meta-analysis of the association between PAI-1 
4G/5G polymorphism and risk of CAD

Association Heterogeneity
OR (95% CI) P Value P Value I2 (%)

Overall 1.13 (1.05-1.21) 0.0009 0.001 41
Caucasian 1.11 (1.03-1.20) 0.005 0.02 34
Asian 1.20 (1.01-1.42) 0.04 0.02 48
Male 1.15 (1.06-1.25) 0.0008 0.16 39
Female 1.05 (0.92-1.20) 0.47 0.65 0
Young (≤ 50 years) 1.19 (1.02-1.37) 0.02 0.21 0
Old (> 50 years) 1.01 (0.82-1.24) 0.93 0.03 51

title and abstract of all potentially rel-
evant articles were screened to deter-
mine their relevance. Full articles were 
also scrutinized if the title and abstract 
were ambiguous. The following infor-
mation was collected from each study: 
authors, year of publication, sample 
size, ethnicity of subjects, gender, age, 
numbers of cases and controls, geno-
type frequency of PAI-1 4G/5G 
polymorphism.

Two reviewers completed the quality 
assessment independently. The New- 
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tion year of involved studies ranged from 1993 
to 2011. In total, 20921 CAD cases and 18434 
healthy controls were involved in this meta-
analysis, which evaluated the relationship 
between PAI-1 4G/5G polymorphism and CAD 
risk. The characteristics of the included studies 
are summarized in Table 1.

Results of meta-analysis

The main results of this meta-analysis and the 
heterogeneity test were shown in Table 2. 
Significantly elevated CAD risk was found in 
overall analysis (OR = 1.13, 95% CI: 1.05-1.21, 
P = 0.0009, Figure 1). In the subgroup analysis 

Figure 1. Meta-analysis for the association between PAI-1 4G/5G polymorphism and risk of CAD.
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by races, significantly increased risk was found 
in Caucasians (OR = 1.11, 95% CI: 1.03-1.20, P 

= 0.005) and Asians (OR = 1.20, 95% CI: 1.01-
1.42, P = 0.04). In the subgroup analysis by 

Figure 2. Cumulative meta-analysis of association between PAI-1 4G/5G polymorphism and risk of CAD.
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gender, significant association was found in 
males (OR = 1.15, 95% CI: 1.06-1.25, P =  
0.0008), but was not found in females (OR = 
1.05, 95% CI: 0.92-1.20, P = 0.47). In the sub-
group analysis by age, young populations 
showed increased CAD risk (OR = 1.19, 95% CI: 
1.02-1.37, P = 0.02), but old populations did 
not show this association (OR = 1.01, 95% CI: 
0.82-1.24, P = 0.93).

In order to compare the difference and evalu-
ate the sensitivity of the meta-analyses, we 

conclusions cannot be drawn. Therefore, we 
did this meta-analysis to estimate the relation-
ships between PAI-1 4G/5G polymorphism and 
susceptibility to CAD. The meta-analysis 
involved 53 articles and 39355 subjects. The 
results from this meta-analysis showed that 
the PAI-1 4G/5G polymorphism was significant-
ly associated with CAD risk. When we per-
formed the subgroup analyses by ethnicity, 
gender and age, significant associations with 
susceptibility for the development of CAD was 
found in Caucasians, Asians, males, and young 

Figure 3. Galbraith plot of association between PAI-1 4G/5G polymorphism and risk 
of CAD.

Figure 4. Funnel plot of associations between PAI-1 4G/5G polymorphism and risk 
of CAD.

used both models (the 
fixed effect model and 
random effect model) to 
evaluate the stability of 
the meta-analysis. All 
the results were not 
materially altered (data 
not shown). Cumulative 
meta-analysis also sh- 
owed the result was sta-
ble and credible (Figure 
2). In order to find the 
source of heterogeneity, 
Galbraith plot was used. 
Eight studies were found 
to be outliers (Figure 3). 
When these studies 
were excluded, the het-
erogeneity was disap- 
peared.

The Begg’s funnel plot 
and Egger’s test were 
performed to assess 
the publication bias of 
literatures. The shape of 
the funnel plots did not 
reveal obvious asymme-
try (Figure 4). Then, the 
Egger’s test was used to 
provide statistical evi-
dence of funnel plot 
symmetry. The Egger’s 
test indicated that there 
was no obvious publica-
tion bias (P = 0.23).

Discussion

Although many studies 
analyzing the research 
results about the PAI-1 
4G/5G polymorphism 
and CAD risk, definite 
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populations. On the one hand, it was possible 
that these differences might be affected by 
exposure to various environmental factors. 
However, no reported article was performed to 
assess the effect of PAI-1-environment interac-
tions in different populations. In the future, 
more studies should be designed to analyze 
these associations. On the other hand, it was 
possible that considerable heterogeneity may 
have distorted the result.

Several studies have demonstrated increased 
expression of PAI-1 in human atherosclerotic 
lesions [58, 59]. Immunohistochemical study 
demonstrated enhanced expression of PAI-1 in 
the macrophages and endothelial cells of ath-
erosclerotic plaques [60]. Patients with type 2 
diabetes show higher expression of PAI-1 in the 
atherosclerotic vascular wall than those with-
out diabetes [61]. Thus, increased PAI-1 in the 
arterial wall may contribute directly to develop-
ment of CAD.

Our meta-analysis has several strengths. First, 
we have followed the inclusion and exclusion 
criteria strictly to reduce possible selection 
bias. Second, a funnel plot and Egger’s linear 
regression test were used to assess publica-
tion bias. Third, the sensitivity analysis and 
cumulative meta-analysis had been performed 
to confirm the reliability and stability of the 
results. Fourth, Galbraith plot was used to find 
the source of heterogeneity. In fact, the result 
was still significant when the outliers were 
excluded (OR = 1.06, 95% CI: 1.01-1.13, P =  
0.02).

Some limitations should be addressed. First, 
there was only two case-control studies investi-
gated the association of PAI-1 4G/5G polymor-
phism and CAD risk in Africans. Therefore, more 
studies with large sample sizes are needed to 
further identify the association among African. 
Second, because small negative studies are 
less likely to published, the possibility of publi-
cation bias cannot be ruled out completely, 
even though the Egger’s test and funnel plots 
did not provide the evidence of publication bias 
in this meta-analysis. Third, a lack of original 
data from the eligible studies limited evaluation 
of the effects of the gene-gene and gene-envi-
ronment interactions during CAD development.

In conclusion, our meta-analysis supports that 
PAI-1 4G/5G polymorphism might contribute to 

individual susceptibility to CAD. Concerning 
CAD with multifactorial etiology, to further eval-
uate gene-gene and gene-environment interac-
tions on PAI-1 4G/5G polymorphism and CAD, 
larger studies in selected populations with dif-
ferent environmental background or other risk 
factors are required.
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