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Abstract
Background: The Plasminogen Activator Inhibitor-1 gene 4G/5G (PAI-1 4G/5G) polymorphism has been suggested
to be associated with osteonecrosis of the femoral head (ONFH) susceptibility; however, the results are conflicting and
inconclusive. We have carried out a comprehensive meta-analysis to derive a more precise estimation of the association.
Methods: A comprehensive search in PubMed, EMBASE, Google Scholar, and ISI Web of Knowledge databases
was conducted to identify all eligible case-control publications investigating the association between PAI-1 4G/5G
polymorphism and ONFH risk. Odds ratios (OR) and corresponding 95% confidence intervals (CI) were used to
assess the association.
Results: A total of six studies with 456 cases and 1,019 controls were included in this review. Three studies were
from Caucasian descendants and the three others were from East Asian descendants. Overall analysis suggests
a significant association between PAI-1 4G/5G polymorphism and ONFH risk under the allele model (4G vs. 5G:
OR =1.540, 95% CI =1.055-2.248, P=0.025) and the recessive model (4G4G vs. 4G5G+5G5G: OR=1.931, 95% CI:
1.162-3.207, P=0.011). When stratified by ethnicity, we have found a significant association between PAI-1 4G/5G
polymorphism and ONFH risk among the Caucasian (4G5G vs. 5G5G: OR=1.806, 95% CI: 1.064-3.067, P=0.029) and
East Asians (4G4G vs. 5G5G: OR=1.619, 95% CI: 1.025-2.556, P=0.039 and 4G4G vs. 4G5G+5G5G: OR=1.665, 95%
CI: 1.207-2.297, P=0.002).
Conclusion: The present meta-analysis suggested that PAI-1 4G/5G (rs1799889) polymorphism is a potential risk
factor for development of ONFH. However, large-scale and well-designed case-control studies in different ethnicities
are required to validate these results.
Level of evidence: II
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Introduction
steonecrosis (ON) or avascular necrosis (AVN)
is a worldwide challenging clinical problem (1).
According to the reports, ON is an increasingly
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common cause of musculoskeletal disability which
mostly affects middle-aged active people (2). The
femoral head is the most vulnerable site for the
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development of osteonecrosis (3). ONFH is terminally
manifested by death of bone cells that results in
impairment of normal reparative processes along
micro-fractures in the femoral head (4). It is estimated
that 10,000 to 20,000 new cases of ONFH are diagnosed
in the United States every year (2, 3, 5). ONFH has
traditionally been classified as idiopathic or secondary,
depending on the absence or presence of known causes
(5). Clinically, ONFH is closely associated with several
factors such as chronic alcoholism, smoking, sickle cell
disease, decompression sickness, trauma, inheritance,
and corticosteroid therapy for either collagen disease
or renal and cardiac transplantation (5, 6).
ONFH is a kind of ischemic damage of femoral head,
which causes the necrosis of the hip joint cartilage
and collapse and degeneration of the femoral head
(6–8). The etiology of ONFH has not been fully
elucidated (5, 6). It is suggested that thrombophilia
genes polymorphisms including factor V Leiden (FVL),
Prothrombin, Methylenetetrahydrofolate reductase
(MTHFR), and plasminogen activator inhibitor-1 (PAI1) causing intravascular coagulation conditions may be
linked to ONFH (9–11).
To date, several polymorphisms have been identified
in the PAI-1 gene such as PAI-1 4G/5G polymorphism
(rs1799889). PAI-1 4G/5G polymorphism is an insertion/
deletion polymorphism in the promoter region of the
SERPINE1 gene, which is also known as plasminogen
activator inhibitor type 1 (12, 13). The most common
allele is a 5G’s in this SNP, which is commonly called 5G
allele (14). Deletion of one nucleotide causes the “4G”
allele. It has been reported that 4G allele increases the
risk for different conditions such as atherosclerosis
and coronary artery disease; while, 5G allele may
increase the risk of abdominal aortic aneurysm (AAA)
(15, 16). Some studies have reported that PAI-1 4G/5G
polymorphism is associated with ONFH, while other
publications report no association (17–22). Therefore,
we have conducted this meta-analysis to determine
whether PAI-1 4G/5G polymorphism is associated with
susceptibility to ONFH.
Materials and Methods
Literature Search Strategy
A comprehensive literature search was performed using
PubMed, EMBASE, Google Scholar, ISI Web of Knowledge,
and China National Knowledge Infrastructure database
to identify the studies that have evaluated the association
between PAI-1 4G/5G (rs1799889) polymorphism
and ONFH up to July 10, 2018. Various combinations
of terms and keywords as described by Naderi GhaleNoie et al were used to screen for potentially relevant
studies, including: (“Osteonecrosis” OR “Osteonecrosis
of the femoral head” OR “ONFH” “Steroid-induced
ONFH” OR “Avascular necrosis of the femoral head”
OR “ANFH” OR “Ischemic necrosis of the femoral head”
OR “Aseptic necrosis of bone” OR “Osteochondritis
dissecans” OR “Perthes disease”) AND (“plasminogen
activator inhibitor-1” OR “SERPINE1” OR “PAI-1” OR
“PAI-1 4G/5G” OR “rs1799889” OR “c.-816A>G”) AND
(“single nucleotide polymorphism” OR “polymorphism”
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OR “SNP” OR “mutation” OR “variation”) (23). The search
was limited to published human studies in all languages
with available full-text articles. All eligible studies were
retrieved. We also manually searched the references
of the retrieved articles, reviews, and previous metaanalyses to identify more potentially relevant articles.
When overlapping data on the same subjects were
included in more than one publication, only the one with
the larger sample size was included in the meta-analysis.

Inclusion and exclusion criteria
Studies included in the meta-analysis had to be consistent
with the following criteria: (1) evaluating the association
between PAI-1 4G/5G (rs1799889) polymorphism and
ONFH risk; (2) using a case-control design; (3) sufficient
data of genotypes were presented with estimated odds
ratios (ORs); and 95% confidence intervals (CIs). Major
reasons for exclusion of studies were as follows: (1) not
relevant to PAI-1 4G/5G (rs1799889) polymorphism
or ONFH; (2) the design was based on family or lack
of the control group; (3) not on human; (4) genotype
frequencies not reported; (5) reviews, abstracts, seminars
posters, case reports, meta-analyses and letters, (6) and
duplicates of previous studies.
Data Extraction
Two authors carefully and independently extracted the
data from all eligible publications according to the inclusion
criteria using a structured table. The following items
were considered: first author’s name, year of publication,
country, ethnicity, source of controls (population-based
or hospital-based controls), genotyping method, numbers
of cases and controls, genotype frequency of cases and
controls, minor allele frequencies (MAFs) in control
subjects, and the results of Hardy-Weinberg equilibrium
(HWE) test. The subjects’ ethnicities were categorized as
Caucasian, Asian, or African. Disagreements were resolved
in consultation with the third reviewer. An agreement
was reached by discussion between the two reviewers
whenever there was a conflict, or resolved in consultation
with the third reviewer.

Statistical Analysis
The strength of association between PAI-1 4G/5G
polymorphism and ONFH risk was tested by odds
ratios (ORs) with 95% confidence intervals (CIs). The
significance of the pooled OR was determined using
the Z-test and a P<0.05 was considered as statistically
significant. The pooled ORs were performed in five
genetic models: the allele model (4G vs. 5G), the
heterozygote model (4G5G vs. 5G5G), the dominant
model (4G4G+4G5G vs. 5G5G), and the recessive
model (4G4G vs. 4G5G+5G5G). Chi-squared Q-test and
I2 statistics were used to identify the heterogeneity
among the included publications (24–26). The P-value
of <0.05 for the Q-test indicated a lack of heterogeneity
among studies. The I2 statistic measures the degree
of inconsistency in the studies by calculating what
percentage of the total variation across studies is due
to heterogeneity rather than by chance (I2<25%, low
heterogeneity; 25%≤I2≤75%, moderate heterogeneity;
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I2>75%, high heterogeneity). If there was significant
heterogeneity, a random-effects model (the Der
Simonian and Laird method) was selected to pool the
data; otherwise, a fixed-effects model (the Mantel–
Haenszel method) was selected to pool the data (27,
28). Subgroup analyses by ethnicity were performed to
identify the between-study heterogeneity. Additionally,
the ef¬fect of each single study on the overall estimate
was deter¬mined by application of one-way sensitivity
analysis. Hardy-Weinberg Equilibrium (HWE) in the
controls was tested by the χ2 test for goodness of fit and
P<0.05 was considered to indicate statistically significant
HWE (29). Sensitivity analysis was performed by
omitting one study at a time. To examine the potential
publication bias in the meta-analysis, Begg’s funnel
plot and Egger’s test were used; P<0.05 indicated that
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the result was statistically significant (30, 31). All the
statistical analyses were performed by Comprehensive
Meta-Analysis (CMA) software version 2.0 (Biostat,
USA). Two-sided P values<0.05 were considered as
statistically significant.
Results
Study selection and characteristics
The process of selection of studies for inclusion in the
meta-analysis is shown in Figure 1. Based on the search
criteria, a total of 131 literatures were identified, among
which 37 literatures were excluded as duplicates or
not relevant, leaving 94 studies for further selection.
Among the remaining studies, 88 articles were excluded
because they were irrelevant, review articles, letters to
editors, previous meta-analyses, not relevant to PAI-1

Figure 1. The flow diagram for the review process and outcomes of inclusion and exclusion.
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4G/5G (rs1799889) polymorphism, not case-control
studies, evaluated other diseases instead of ONFH, case
reports, and other polymorphisms of PAI-1 gene. Finally,
a total of six case-control studies (17–22) were selected
in the final meta-analysis concerning the PAI-1 4G/5G
(rs1799889) polymorphism, with a total of 456 cases
and 1,019 controls [Table 1]. The year of publication
ranged between 2001 and 2015. There were 3 studies of
Caucasian descendants (USA, Switzerland, and Serbia)

and 3 studies of East Asian descendants communities
(Japan, China and Korea). All studies showed that the
distribution of genotypes in the control group was in
agreement with the Hardy-Weinberg equilibrium. Table
1 lists the main characteristics of the six case-control
studies about PAI-1 4G/5G (rs1799889) polymorphism.
Main Results of Meta-Analysis
Table 2 shows the main results of the meta-analysis

Table 1. Characteristics of studies Included in the meta-analysis of PAI-1 4G/5G (rs1799889) polymorphism and ONFH
Country
(Ethnicity)

SOC

USA (Caucasian)

First author

Glueck 2001

Ferrari 2002
Asano 2004

Genotyping
Method

Case/
Control

HB

PCR

Japan (Asian)

HB

AS-PCR

Korea (Asian)

HB

Switzerland (Caucasian)

Sun 2008

Kim 2011

Srzentić 2015

China (Asian)

Serbia (Caucasian)

PB

PCR

HB

PCR-SPOLA

NS

Sequencing

TaqMan

Cases
Genotype

Controls
Allele

Genotype

MAF

HWE

197

0.420

0.137

128

0.603

0.283

5G5G

4G5G

4G4G

5G

4G

5G5G

4G5G

4G4G

5G

4G

95/234

15

44

36

74

116

84

103

47

271

31/106

4

11

16

19

43

14

56

36

84

29

95

26/326

2

61/52

16

37/50

9

206/251

8

22
22

16
23
82
6

12
54

140
40

40
68

259
34

93
12
46
8

166
27

130
27

67
13
75
15

352
51

222
43

300
53

280
57

0.460
0.509
0.557
0.570

0.652
0.779
0.429
0.472

SOC: Source of controls; HB: hospital-based; PB: Population-based; PCR- SPOLA: PCR-solid phase oligonucleotide assay; MAF: minor allele frequency;
HWE: Hardy–Weinberg equilibrium.
Table 2. Meta-analysis of the association of PAI-1 4G/5G (rs1799889) polymorphism and ONFH
Genetic model

Type of model

Heterogeneity

Odds ratio

Publication bias

I )%(

PH

OR

95% CI

POR

PBeggs

PEggers

Random

75.17

0.001

1.540

1.055-2.248

0.025

0.707

0.959

Fixed

40.50

0.135

1.232

0.880-1.725

0.225

1.000

0.553

2

Overall
4G vs. 5G

4G4G vs. 5G5G
4G5G vs. 5G5G

4G4G+4G5G vs. 5G5G

4G4G vs. 4G5G+5G5G

Ethnicity

Random
Random
Random

70.39
63.27
69.95

0.005
0.018
0.005

1.986
1.400
1.931

0.962-4.101
0.787-2.489
1.162-3.207

0.064
0.252
0.011

1.000
1.000
1.000

0.839
0.765
0.967

Caucasian
4G vs. 5G

4G4G vs. 5G5G
4G5G vs. 5G5G

4G4G+4G5G vs. 5G5G

4G4G vs. 4G5G+5G5G

Asian

Random

87.62

0.001

1.786

Fixed

41.25

0.182

1.806

Random
Random
Random

85.27
74.56
86.13

0.001
0.020
0.001

0.747-4.268

0.192

1.000

0.875

1.064-3.067

0.029

1.000

0.695

2.581

0.449-14.825

1.985

0.623-6.327

1.990

0.586-6.757

0.288
0.246
0.270

1.000
1.000
1.000

0.810
0.836
0.757

4G vs. 5G

Fixed

0.00

0.882

1.336

1.071-1.667

0.010

1.000

0.974

4G5G vs. 5G5G

Fixed

0.00

0.443

0.949

0.613-1.469

0.816

1.000

0.308

4G4G vs. 5G5G
4G4G+4G5G vs. 5G5G

4G4G vs. 4G5G+5G5G

Fixed
Fixed
Fixed

0.00
0.00
0.00

0.900
0.431
0.798

1.619
1.139
1.665

1.025-2.556
0.757-1.714
1.207-2.297

0.039
0.531
0.002

1.000
1.000
1.000

0.444
0.506
0.221

)472(

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 6. NUMBER 6. NOVEMBER 2018

of PAI-1 4G/5G (rs1799889) polymorphism and risk
of ONFH. When all the eligible studies were pooled
into the meta-analysis of PAI-1 4G/5G polymorphism,
significantly increased risk of ONFH was observed in
allele model (4G vs. 5G: OR=1.540, 95% CI: 1.055-2.248,
P=0.025) and recessive model (4G4G vs. 4G5G+5G5G:
OR=1.931, 95% CI: 1.162-3.207, P=0.011) [Figure 2].
In the subgroup analysis by ethnicity, significantly
increased ONFH risk was observed in Caucasians under
heterozygote model (4G5G vs. 5G5G: OR=1.806, 95% CI:
1.064-3.067, P=0.029) by using fixed-effect model and in
East Asians under homozygote model (4G4G vs. 5G5G:
OR=1.619, 95% CI: 1.025-2.556, P=0.039) and recessive
model (4G4G vs. 4G5G+5G5G: OR=1.665, 95% CI: 1.2072.297, P=0.002).

Heterogeneity Test
When we pooled the data for PAI-1 4G/5G (rs1799889)

PAI-1 4G/5G POLYMORPHISM AND ONFH

polymorphism a significant heterogeneity was
observed in four model including Allele model (4G vs.
5G): I2=75.17%, Ph=0.001; Heterozygote model (4G5G
vs. 5G5G): I2=70.39%, Ph=0.005; Dominant model
(4G4G+4G5G vs. 5G5G): I2= 63.27%, Ph=0.018, and
Recessive model (4G4G vs. 4G5G+5G5G): I2=69.95%,
Ph=0.005 [Table 2]. After stratification of the subjects by
ethnicity, the heterogeneity was obviously disappeared
in East Asians under all genetic models. However,
heterogeneity was still present among the Caucasians
[Table 2].
Sensitivity Analyses
We performed sensitivity analyses to assess the
influence of each individual study on the pooled OR by
sequential removal of individual studies. However, the
results suggested that no individual study significantly
affected the pooled OR, suggesting that the results

Figure 2. Forest plots showed significant association between PAI-1 4G/5G polymorphism and ONFH. A: Allele model (4G vs. 5G); B:
Dominant model (4G4G+4G5G vs. 5G5G).
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Figure 3. Begg’s funnel plots of PAI-1 4G/5G polymorphism and ONFH risk for publication bias
test. Each point represents a separate study for the indicated association. A: Allele model (4G
vs. 5G); B: Dominant model (4G4G+4G5G vs. 5G5G).

of this meta-analysis are stable sufficiently (data not
shown).

Publication Bias
Begg’s funnel plot and Egger’s test were performed
to access the small study effects of the studies in the
meta-analysis. The funnel plot identified no obvious
publication bias for PAI-1 4G/5G (rs1799889)
polymorphism, and this was confirmed by Begg’s test

and Egger’s test. As followed for overall tests: allele
model (4G vs. 5G): Begg’s test P=0.707, Egger’s test
P=0.959, homozygote model (4G4G vs. 5G5G): Begg’s
test P=1.000, Egger’s test P=0.839, heterozygote model
(4G5G vs. 5G5G): Begg’s test P=1.000, Egger’s test
P=0.553, dominant model (4G4G+4G5G vs. 5G5G):
Begg’s test P=1.000, Egger’s test P=0.765 and recessive
model (4G4G vs. 4G5G+5G5G): Begg’s test P=1.000,
Egger’s test P=0.967 [Figure 3].

)474(

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 6. NUMBER 6. NOVEMBER 2018

Minor Allele Frequency (MAFs)
The minor allele frequencies of PAI-1 4G/5G
(rs1799889) polymorphism in healthy controls are
shown in Table 1. The genetic distributions of PAI-1
4G/5G polymorphism in all studies followed the law
of HWE (P>0.05). The minor allele frequency of PAI-1
4G/5G was 50.15% (42.0%-60.3%) for controls.

Discussion
PAI-1 gene, also known as serpin E1, is located in human
chromosome 7q21.3-q22, spans 12.3 kb and contains 9
exons (32). PAI-1 gene is genetically linked with different
conditions including thrombosis and atherosclerosis
(33). PAI-1 is a fast-acting inhibitor of fibrinolysis, and
increased plasma levels is associated with increased
incidence of thrombophilia and osteonecrosis (11). High
levels of PAI-1, induced by PAI-1 4G/5G polymorphism
causes suppression of fibrinolysis by inhibition of
plasminogen activator and promotion of thrombosis,
and consequently restricts flow to the femoral head and
osteonecrosis (34, 35). Three major polymorphisms
of the PAI-1 gene have been identified, including PAI-1
4G/5G insertion/deletion (rs1799889) polymorphism at
-675 in the promoter region, G-A substitution at position
-844 (rs2227631), and c.43G<A (p.A15T, rs6092) (36).
To date, a few studies have analyzed the association
between PAI-1 4G/5G (rs1799889) polymorphism and
ONFH (17–22). In the other hand, the results of the
studies about the role of the PAI-1 4G/5G polymorphism
in relation to ONFH susceptibility are conflicting. For
example, studies by Glueck et al., Ferrari et al., Kim
et al., and Sun et al. found an increased risk for ONFH
associated with the PAI-1 4G/5G polymorphism and the
other studies by Asano et al. did not detect the association
(17-21). It seems that the conflicting findings among
those studies might be due to different issues including
the definition of the osteonecrosis, criteria of subjects,
sample size, source of controls, genotyping technique
and so on. In addition, it is obvious that ONFH is a
complex condition and potential gene–gene and gene–
environment interactions may also play vital roles in its
formation. Hence, we have performed a more precise
meta-analysis. After pooling the data from the eligible
case-control studies, our meta-analysis indicated that
PAI-1 4G/5G (rs1799889) polymorphism is associated
with increased ONFH risk in overall population and by
ethnicity.
As seen in Table 1, most of the included studies in the
current meta-analysis had small sample sizes. Single
studies, especially the one with relatively small sample
size, may do not have enough statistical power to identify
a genetic association. Meta-analysis has the capability
of quantitative combining and synthetic evaluation in
terms of the studies with the same objective and multiple
independent results, so as to improve the inspection
efficiency. The current meta-analysis reviewed the
case–control studies, which provided evidence for
ONFH risk assessment comprehensively upon PAI-1
4G/5G (rs1799889) polymorphism and ONFH risk.
Overall analysis suggests a significant association
between PAI-1 4G/5G polymorphism and ONFH under
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the allele model (4G vs. 5G: OR=1.540, 95% CI=1.0552.248, P=0.025) and the recessive model (4G4G vs.
4G5G+5G5G: OR=1.931, 95% CI=1.162-3.207, P=0.011).
When stratified by ethnicity, we found an association
among the Caucasian population under heterozygote
model (4G5G vs. 5G5G: OR=1.806, 95% CI=1.0643.067, P=0.029) and East Asians under homozygote
model (4G4G vs. 5G5G: OR=1.619, 95% CI: 1.025-2.556,
P=0.039) and recessive model (4G4G vs. 4G5G+5G5G:
OR=1.665, 95% CI: 1.207-2.297, P=0.002). Similarly,
Zeng et al in a meta-analysis reported an association
between PAI-1 4G/5G polymorphism and the increasing
risk of ONFH under the allele model (RR=1.24, 95% CI:
1.16-1.33) and the dominant model (RR=1.12, 95% CI:
1.05-1.18) (10). In addition, in another meta-analysis,
Liang et al found a significant association between PAI1 4G/5G polymorphism and ONFH susceptibility under
four allele, dominant, recessive, and homozygote genetic
models (11). Moreover, Kim et al., in a case-control
study with 206 ONFH cases and 251 controls, found that
in addition to PAI-1 4G/5G (rs1799889) polymorphism,
two other polymorphisms including rs2227631 and
rs11178 of the PAI-1 gene were associated with ONFH
risk (21).
Between-study heterogeneity is a potential and
multifactorial problem when interpreting the results
of a meta-analysis, and identifying the sources of
heterogeneity is one of the most important goals of
meta-analysis (37–40). It seems that factors such as
age, gender distribution, personal history, diversity
in study design, difference of ethnicity, sample sizes,
source sampling, selection of controls, measurement
errors, and so on might also be responsible for the
between-study heterogeneity (40, 41). Obviously,
there were moderate to high level heterogeneity in this
meta-analysis, thus we used random-effect model for
those genetic models. We performed subgroup analysis
by genotyping method to find the source of betweenstudy heterogeneity. After subject stratification by
ethnicity, the heterogeneity was obviously disappeared
in East Asians under all genetic models, but not in the
Caucasians. Therefore, it was deducted that ethnicity
was the main source of heterogeneity in the metaanalysis.
Our meta-analysis also had some limitations. Firstly,
only six case-control studies were finally included into
the meta-analysis. The limited number of studies may
increase the risk of bias in the meta-analysis, especially
in the subgroup analysis by ethnicity. Therefore, more
case-control design studies with large samples are
required for a more comprehensive meta-analysis.
Secondly, although all the eligible studies were collected,
the cumulative sample size was not large enough. This
could increase the chance of type I and type II errors.
Third, due to the unavailability of potential correlative
factors data such as age, gender, environmental factors
and lifestyle habits, our meta-analysis was based on
single-factor estimates unadjusted ORs with 95% CIs,
which may influence the power and reliability of results.
Fourth, as other malignancies, ONFH is a multifactorial
condition that results from complex interactions
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between various genetic and environmental factors.
Further evaluation of melanoma risk would pay more
attention to the potential interactions among gene–
gene, gene–environment. Finally, in the current metaanalysis we have focused only on the PAI-1 4G/5G
single polymorphism on ONFH risk rather than
combined effects of thrombophilia genes well-known
polymorphisms such as Prothrombin G20210A, Factor
V Leiden G1691A, MTHFR C677T and A1298C, which
could help to improve a precise estimation of the roles
of PAI-1 4G/5G polymorphism in the development of
ONFH. Therefore, more well-designed studies are needed
in the future, and ORs adjusted for other confounding
factors need reporting. Despite these limitations, our
meta-analysis has some clear advantages such as, lack
of publication bias.
In summary, the results of this meta-analysis suggested
that the PAI-1 4G/5G (rs1799889) polymorphism may be
associated with risk of ONFH. Large-scale well-designed
studies with more information about the potential
correlative factors in different populations are needed
for better estimation of the possible gene-gene or geneenvironment interactions.
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