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Abstract: Objective: The aim of this study was to investigate the association of plasminogen activator inhibitor-1 
(PAI-1) 4G/5G gene polymorphism and osteonecrosis of the femoral head (ONFH). Methods: The pooled relative risk 
ratio (RR) and 95% confidence intervals (95% CI) were calculated using the the RevMan 5.0 software. Results: The 
present study included 969 patients with ONFH and 419 healthy controls. The Meta analysis results showed: There 
is association between PAI-1 gene 4G/5G polymorphism and the increasing risk of ONFH (allele model: RR = 1.24, 
95% CI = 1.16 ~ 1.33; dominant genetic model: RR = 1.12, 95% CI = 1.05 ~ 1.18). It was found that the association 
between PAI-1 gene 4 G/5 G polymorphism and the susceptibility of ONFH (P < 0.05) through the comparison of 
Caucasian population and Asian people according to the analysis of different races. Conclusions: There is associa-
tion between PAI-1 gene 4 G/5 G polymorphism and the increasing of the susceptibility of ONFH.
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Introduction

Osteonecrosis of the femoral head (ONFH) is a 
kind of ischemic damage of femoral head, and 
ONFH can cause the necrosis of the cartilage 
hip joint and the collapse and degeneration of 
the femoral head [1, 2]. The age of onset of 
ONFH is early in the field of orthopedics [3, 4], 
and the incidence of ONFH increased recent 
year. The main symptoms of ONFH are limita-
tion of activity, limping, and pain etc. The early 
diagnosis of ONFH is difficult, and it always was 
found in moderate and advanced stage. It can 
leads to the occurrence of the disorder of the 
hip joint, lower limb disability if the patients had 
not be treated in time.

The etiology and pathogenesis of ONFH is still 
not entirely explicit, there are some statements 
that the etiology and pathogenesis of ONFH is 
associated with the factors such as long-term 
hormone therapy [5], trauma [6], alcoholism 
[7], and inheritance [8] etc. In recent years, it 
was proved that the genetic polymorphisms of 
plasminogen activator inhibitor-l (PAI-1) gene 
[9-14], apolipoprotein A1 (apoA 1) gene [15], 
and apoA5 gene [16] were associated with 

ONFH. The susceptibility of vascular endothelial 
growth factor (VEGF) gene and other genes can 
also leads to the ONFH [17, 18]; there are more 
reports about PAI-1 gene 4G/5G polymorphism 
and ONFH susceptibility [9-14]. PAI-1 gene, 
which regulates the fibrinolysis system, is com-
posed of 379 amino acids and locates in human 
chromosome 7q21.3-q22 [19]. The primary 
function is to reduce the fibrin degradation of 
protein aggregation, maintain the normal 
dynamic balance of coagulation and fibrinolysis 
system in the natural blood circulation [20]. It is 
reported that hypercoagulation is the main fac-
tor which can lead to ONFH, disseminated intra-
vascular coagulation (DIC) is the pathway of 
ONFH and it can lead to the formation of throm-
boses in femoral head; at the same time, sec-
ondary fibrinolysis can lead to the bleeding 
inside the bone marrow, cause nontraumatic 
osteonecrosis [21]. In recent years, more and 
more studies have confirmed that PAI-1 gene 
4G/5G polymorphism is closely correlated with 
the susceptibility of ONFH [9-14]. However, the 
conclusion is still debated because of the differ-
ence between the case group and control group 
in these studies. The aim of this study is to col-
lect the reports about the association between 
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PAI-1 gene polymorphism and ONFH suscepti-
bility, and to provide the reference for the clini-
cal diagnosis and treatment of ONFH.

Materials and methods

Search strategy

We retrieved the database Pub Med, EM Base, 
Chinese Biomedical Literature Database, 
Chinese CNKI, Web of Science and Wanfang 
database up to Oct. 2014. The search terms 

including PAI-1, plasminogen activator inhibi-
tor-1, polymorphism, ONFH, osteonecrosis of 
the femoral head, ONFH, avascular necrosis of 
the femoral head, ANFH.

Inclusion criteria

The included studies should be meet to the fol-
lowing criteria: 1) The case-control study about 
the correlation between PAI-1 gene 4G/5G 
polymorphism and the susceptibility of ONFH; 
2) The data which were provided by the refer-

Figure 1. Flow chart of literatures identification.

Table 1. Characteristic of included studies

First 
author

Publica-
tion Year Country Ethnicity Genotyping 

methods
Sample Size 

(Case/Control)

Genotype distribution and allele frequency
Case Control

4G4G 4G5G 5G5G 4G 5G 4G4G 4G5G 5G5G 4G 5G
Kim 2011 Korea Asian PCR 206/251 82 95 29 0.63 0.37 75 130 46 0.56 0.44

Glueck 2001 USA Caucasian PCR 95/234 36 44 15 0.61 0.39 47 103 84 0.42 0.58

Ferrari 2002 Switzerland Caucasian PCR 26/326 16 8 2 0.77 0.23 67 166 93 0.46 0.54

Asano 2004 Japan Asian PCR 31/106 16 11 4 0.69 0.31 36 56 14 0.6 0.4

Sun 2008 China Asian PCR 61/52 23 22 16 0.56 0.44 13 27 12 0.51 0.49
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ences such as clinical data, allele and genotype 
frequencies etc; 3) The genotypes in control 
group are all compatible with Hardy-Weinberg 
equilibrium (HWE).

Exclusion criteria

The exclusion criteria were as follows: (1) a 
review, case report, editorial, or comment; (2) a 
duplicated study; (3) preliminary results that do 
not include PA-1 4G/5G polymorphisms or out-
come; and (4) animal models researchers.

Data extraction

The collection schedule with the unified data 
was used in data extraction, the main data 
information include: the first author, the publish 
date, country, language, race, study design, the 
source of control group (people in the hospital 
or the general population), sample size, the test 
method of SNP, genotypes or allele frequency, 
and Hardy-Weinberg equilibrium (HWE).

Statistical analysis

Fixed effect model or random effect model was 
used according to heterogeneity testing results 
in the meta-analysis of the correlation evalua-
tion between PAI-1 gene 4G/5G polymorphism 
and the susceptibility. Three different genetic 
models, including allele model (4G vs. 5G), 
dominance genetic model (4G4G + 4G5G vs. 
5G5G), and recessive genetic model (4G4G vs. 
4G5G + 5G5G) were carried out in the present 
study. 

Results

Assessment of baseline characteristics 

As shown in Figure 1, we retrieved 68 pertinent 
literatures, and excluded 63 literatures for 
duplicated publication and other reason. There 
are 5 literatures [9-13] were selected to per-
form meta-analysis finally. These 5 randomized 

Figure 2. Forest plot of ONFH risk associated with PAI-1 polymorphism in dominant model [5G5G vs. (4G5G + 
4G4G)]. The squares and horizontal lines correspond to the study-specific OR and 95% CI, respectively. The area of 
the squares reflects the study-specific weight. The diamond represents the pooled results of OR and 95% CI.

Figure 3. Forest plot of ONFH risk associated with PAI-1 polymorphism in recessive model [4G4G vs. (4G5G + 
5G5G)]. The squares and horizontal lines correspond to the study-specific OR and 95% CI, respectively. The area of 
the squares reflects the study-specific weight. The diamond represents the pooled results of OR and 95% CI. 
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controlled trials included 419 ONFH patients 
and 969 healthy controls, all the patients were 
consistent to the diagnostic criteria of ONFH. 
Peripheral-blood specimens were used during 
the investigations of polymorphism in all the 
studies. All the genotypes distributions were in 
line with Hardy -Weinberg equilibrium (HWE). 
The characteristics of included studies were 
shown in Table 1. 

Meta-analysis

The results of the meta-analysis and heteroge-
neity test were shown in Figures 2-4. We found 
significant heterogeneity for all five studies. 
Therefore, the random effect model was used 
to merge the OR values. We found significant 
association of PAI-1 genetic polymorphism 
4G/5G with ONFH in a dominant model (OR = 

no evidence of publication bias among the 
studies (Figure 5). The Egger’s test, performed 
to provide statistical evidence of funnel plot 
asymmetry, indicated a lack of publication bias 
in the current meta-analysis (P = 0.453).

Sensitivity analysis

Sensitivity analysis was used in this study. The 
statistical results show that there is no single 
study can significantly influence the results of 
the existing analysis

Discussion

ONFH is a kind of orthopedic diseases which 
can lead to the femoral head collapse and it is 
caused by the degeneration and necrosis of 
notochordal cell and cartilage cell which are 

Figure 4. Forest plot of ONFH risk associated with PAI-1 polymorphism in allelic model (4G vs. 5G). The squares and 
horizontal lines correspond to the study-specific OR and 95% CI, respectively. The area of the squares reflects the 
study-specific weight. The diamond represents the pooled results of OR and 95% CI. 

Figure 5. Funnel plot of publication bias test.

2.30; 95% CI: 1.50-3.54) and 
allelic comparison (OR = 1.76, 
95% CI: 1.24-2.50). We did 
not find association of PAI-1 
genetic polymorphism 4G/5G 
with ONFH in a recessive 
model (OR = 0.60; 95% CI: 
0.34-1.05).

Publication bias

We strengthened the confi-
dence level in the results by 
conducting a publication bias 
analysis. Publication bias was 
detected on the comparison 
of 4G5G + 4G4G vs. 5G5G. 
The shape of the funnel plots 
was symmetrical, suggesting 
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caused by the disruption and hypoxia of blood 
supply of femoral head. The present study sug-
gested that PAI-1 4G/5G polymorphism was 
associated with ONFH. The subjects with 4G 
allele have 1.76-fold risk for ONFH compared to 
subjects with 5G allele.

PAI-1 is a kind of main regulatory factors of the 
fibrinolytic system which involved in the combi-
nation of the fibrinolytic activator and the bal-
ance of the fibrinolytic system; it plays an 
important role in the process of ONFH. From a 
biological standpoint, the increasing of the risk 
of ONFH has association with the genetic varia-
tion of PAI-1 gene. The previous studies showed 
that, PAI-1 gene promoter 4G/5G polymor-
phism played an important role in the occur-
rence and the development of ONFH, but the 
available evidence remains controversial 
[9-14].

The results of Meta-analysis showed that PAI-1 
gene 4G/5G polymorphism located -675 locus 
can increase the susceptibility of ONFH. Though 
there is no definitive mechanism of action, 
PAI-1 is the mainly regulatory factor of the fibri-
nolytic system, which can influence the balance 
between the blood coagulation and the fibrino-
lytic system directly. Overall, the results of this 
study are consistent with the results of the pre-
vious studies, which confirmed that PAI-1 gene 
4G/5G polymorphism was an important bio-
marker in the prediction of ONFH. 

Nevertheless, there are several disadvantages 
and limitations existing in the analysis. On the 
one hand, the lack of the comprehensive evolu-
tion of PAI-l gene polymorphism and ONFH sus-
ceptibility during the clinical actual research, 
therefore need the larger sample to continue 
the further research. On the other hand, the 
possible target or offset was analyzed in this 
study, but other indicators, such as age, gender 
and other factors did not be evaluated. 

In addition, the present study is an analysis 
about the PAI-1 gene polymorphism and ONFH 
susceptibility, which still has important clinical 
value for ONFH mechanism. In conclusion, 
PAI-1 gene 4G/5G polymorphism was associ-
ated with the risk of ONFH. However, our con-
clusion needs further confirmation in other eth-
nic populations with large sample studies.

Disclosure of conflict of interest

None.

Address correspondence to: Bing Wang, Department 
of Orthopaedic Surgery, Beijing Tian Tan Hospital, 
Capital Medical University, Tiantan Xili No. 6, 
Dongcheng District, Beijing 100050, China. Tel: 
(+86) 01067096588; E-mail: wangb_in43@126.
com

References

[1]	 Chai W, Zhang Z, Ni M, Geng P, Lian Z, Zhang 
G, Shi LL, Chen J. Genetic Association between 
Methylenetetrahydrofolate Reductase Gene 
Polymorphism and Risk of Osteonecrosis of 
the Femoral Head. Biomed Res Int 2015; 
2015: 196495.

[2]	 Papakostidis C, Panagiotopoulos A, Piccioli A, 
Giannoudis PV. Timing of internal fixation of 
femoral neck fractures. A systematic review 
and meta-analysis of the final outcome. Injury 
2015; 46: 459-66. 

[3]	 Luo RB, Lin T, Zhong HM, Yan SG, Wang JA. 
Evidence for using alendronate to treat adult 
avascular necrosis of the femoral head: a sys-
tematic review. Med Sci Monit 2014; 20: 
2439-47. 

[4]	 Schauwecker J, Banke I, Wilken F, Gollwitzer H. 
Joint preserving surgical treatment of degen-
erative hip diseases. MMW Fortschr Med 
2014; 156: 47-9. 

[5]	 Weinstein RS. Glucocorticoid-induced osteo-
necrosis. Endocrine 2012; 41: 183-90.

[6]	 Zalavras CG, Lieberman JR. Osteonecrosis of 
the femoral head: evaluation and treatment. J 
Am Acad Orthop Surg 2014; 22: 455-64.

[7]	 Hasan SS, Romeo AA. Nontraumatic osteone-
crosis of the humeral head. J Shoulder Elbow 
Surg 2002; 11: 281-98.

[8]	 Kerachian MA, Séguin C, Harvey EJ. Glucocor- 
ticoids in osteonecrosis of the femoral head: a 
new understanding of the mechanisms of ac-
tion. J Steroid Biochem Mol Biol 2009; 114: 
121-8.

[9]	 Ferrari P, Schroeder V, Anderson S, Kocovic L, 
Vogt B, Schiesser D, Marti HP, Ganz R, Frey FJ, 
Kohler HP. Association of plasminogen activa-
tor inhibitor-1 genotype with avascular osteo-
necrosis in steroid-treated renal allograft re-
cipients. Transplantation 2002; 74: 1147-52.

[10]	 Glueck CJ, Fontaine RN, Gruppo R, Stroop D, 
Sieve-Smith L, Tracy T, Wang P. The plasmino-
gen activator inhibitor-1 gene, hypofibrinolysis, 
and osteonecrosis. Clin Orthop Relat Res 
1999; 133-46.

mailto:wangb_in43@126.com

mailto:wangb_in43@126.com



PA-1 4G/5G and OFH

20342	 Int J Clin Exp Med 2015;8(11):20337-20342

[11]	 Sun W, Li Z, Shi Z, Wang B, Cong X, Gao F, Yang 
Y, Guo W. Relationship between Post-SARS os-
teonecrosis and PAI-1 4 G/5 G gene polymor-
phisms. Orthop J China 2014; 24: 529-9.

[12]	 Kim H, Cho C, Cho Y, Cho S, Yoon K, Kim K. 
Significant associations of PAI-1 genetic poly-
morphisms with osteonecrosis of the femoral 
head. BMC Musculoskelet Disord 2011; 12: 
160.

[13]	 Glueck CJ, Freiberg RA, Fontaine RN, Tracy T, 
Wang P. Hypofibrinolysis, thrombophilia, osteo-
necrosis. Clin Orthop Relat Res 2001; 19-33.

[14]	 Asano T, Takahashi KA, Fujioka M, Inoue S, 
Ueshima K. Relationship between postrenal 
transplant osteonecrosis of the femoral head 
and gene polymorphisms related to the coagu-
lation and fibrinolytic systems in Japanese 
subjects. Transplantation 2004; 77: 220-5.

[15]	 Wang XY, Niu XH, Chen WH, Lin N, Song JN, 
Chen B, Jin H. Effects of apolipoprotein A1 and 
B gene polymorphism on avascular necrosis of 
the femoral head in Chinese population. 
Zhongguo Gu Shang 2008; 21: 99-102. 

[16]	 Cui Y, Kaisaierjiang A, Cao P, Wu ZY, Lv Q. 
Association of apolipoprotein A5 genetic poly-
morphisms with steroid-induced osteonecrosis 
of femoral head in a Chinese Han population. 
Diagn Pathol 2014; 9: 229.

[17]	 Liu B, Cao Y, Wang D, Yao G, Bi Z. Vascular en-
dothelial growth factor -634G/C polymorphism 
associated with osteonecrosis of the femoral 
head in a Chinese population. Genet Test Mol 
Biomarkers 2012; 16: 739-43.

[18]	 Lee YJ, Lee JS, Kang EH, Lee YK, Kim SY, Song 
YW, Koo KH. Vascular endothelial growth factor 
polymorphisms in patients with steroid-in-
duced femoral head osteonecrosis. J Orthop 
Res 2012; 30: 21-7.

[19]	 Klinger KW, Winqvist R, Riccio A, Andreasen 
PA, Sartorio R, Nielsen LS, Stuart N, 
Stanislovitis P, Watkins P, Douglas R. 
Plasminogen activator inhibitor type 1 gene is 
located at region q21.3-q22 of chromosome 7 
and genetically linked with cystic fibrosis. Proc 
Natl Acad Sci U S A 1987; 84: 8548-52.

[20]	 French D, Hamilton LH, Mattano LA Jr, Sather 
HN, Devidas M, Nachman JB, Relling MV; 
Children’s Oncology Group. A PAI-I(SERPINEI) 
polymorphism predicts osteonecrosis in chil-
dren with acute lymphoblastic leukemia: a re-
port from the Children’s Oncology Group. Blood 
2008; 111: 4496-4499.

[21]	 Sun W, Li ZR, Shi ZC, Zhang NF, Zhang YC. 
Changes in coagulation and fibrinolysis of 
post-SARS osteonecrosis in a Chinese popula-
tion. Int Orthop 2006; 30: 143-6. 


