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found between the rs9340799 polymorphism and the OA 
risk in the European group, Asian group, and knee osteoar-
thritis group, respectively. These results suggested that the 
rs9340799 polymorphism might be associated with the risk 
of OA. However, the results should be interpreted with cau-
tion because of the publication bias.
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Abbreviations
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PRISMA  Preferred reporting items for systematic 

reviews and meta-analyses
OR  Odds ratio
CI  Confidence interval
HWE  Hardy–Weinberg equilibrium
KOA  Knee osteoarthritis

Introduction

Osteoarthritis (OA) is one of the most common skeletal 
disease, which is characterized by the progressive loss 
of articular cartilage in the synovial joints and changes 
in the adjacent bone (Poole et al. 1994). OA also known 
as degenerative arthritis or degenerative joint disease or 
osteoarthrosis, commonly affects the hands, feet, spine, 
and large weight-bearing joints, such as the hips and 
knees. The worldwide prevalence of OA was 11.3 % with 
approximately 85 million people affected in 2009, which is 
expected to increase 122 million in 2017. Thus, economic 
burden of OA on the national healthcare system is enor-
mous, both in the developed countries and the developing 
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countries (Chen et al. 2012; Cross et al. 2014). Despite 
the well established fact that advanced age, excess body 
weight, repeated trauma or surgery to the joint structures, 
abnormal joints at birth, gout, diabetes, and other hor-
mone disorders are associated with the increased risk of 
OA (Brandt et al. 2009), a detailed etiology underlying 
OA is still obscure. A single factor is not generally suffi-
cient to cause OA, but about half of the variation in sus-
ceptibility has been assigned to genetic factors (Spector 
and MacGregor 2004). Previous twin-pair and family-risk 
studies have shown that there is a greater prevalence of 
the disease among siblings and especially identical twins, 
indicating that the genetic factors play a crucial role in the 
development of OA (Spector et al. 1996; Chitnavis et al. 
1997; Valdes and Spector 2008).

The prevalence of OA in both men and women is com-
parable up to the age of 50 years; however, the prevalence 
increases considerably among the postmenopausal women 
(Tanamas et al. 2011; Spector and Campion 1989), which 
suggests a link between OA and loss of ovarian function. 
Estrogens are hormones that are important for sexual and 
other body functions. Estrogens also play critical roles in 
bone formation and homeostasis (Syed and Khosla 2005). 
In the estrogen endocrine system, estrogen receptor alpha 
(ER-α) is an important mediator in the signal transduction 
pathway. Previous studies both in vitro and in vivo have 
suggested that ER-α plays an important role in the patho-
logical process of OA (Roman-Blas et al. 2009). Mean-
while, a variety of epidemiological studies have focused on 
the association between rs9340799 (ER-α XbaI A/G) poly-
morphism and OA risk (Ushiyama et al. 1998; Bergink et 
al. 2003; Jin et al. 2004; Xue et al. 2004; Lian et al. 2007; 
Kang et al. 2007; Yang et al. 2009; Wise et al. 2009; Tian et 
al. 2009; Borgonio-Cuadra et al. 2012). However, despite 
intensive research efforts, results of different studies have 
been inconsistent. Therefore, whether the rs9340799 poly-
morphism is related to the risk of OA is still under debate. 
Most studies reported a negative association between the 
rs9340799 polymorphism and the risk of OA progression, 
while other studies generated positive results. To better 
clarify the association between the rs9340799 polymor-
phism and the risk of OA, we designed this meta-analysis 
by collecting and sorting the previous published studies.

Materials and methods

Data sources

This meta-analysis followed the preferred reporting items 
for systematic reviews and meta-analyses (PRISMA) cri-
teria (Moher et al. 2009). We performed a comprehensive 
computer-based search of the PubMed, Web of Science, 

Embase, Cochrane database, Current Controlled Trials, 
Clinicaltrials.gov, Chinese Clinical Trial Registry, CBM-
disc, CNKI, Google Scholar and Baidu Library (up to 
March 28, 2014) to identify studies analyzing the associa-
tion of the rs9340799 polymorphism with OA. The follow-
ing keywords were used for searching: (“estrogen receptor 
alpha” OR “ER alpha” OR “ER α” OR “ESR alpha” OR 
“ESR α” OR “rs9340799”) AND (“polymorphism” OR 
“mutation” OR “variant” OR “variation” OR “genotype”) 
AND (“osteoarthritis” OR “OA” OR “degenerative joint 
disease”). These literature searches were limited to the 
English and Chinese language articles. Additionally, the 
references of the eligible articles were searched to identify 
citations to other studies that were not identified initially.

Inclusion criteria

The studies included in the current meta-analysis had to 
meet the following criteria: (1) human studies; (2) studies 
on the relationship between the rs9340799 polymorphism 
and OA; (3) unrelated case–control or cohort studies; (4) 
sufficient published data on the genotypes or allele fre-
quencies for estimating an odds ratio (OR) with 95 % con-
fidence interval (CI); (5) not republished data.

Data extraction

The data were independently extracted by two authors 
of this article (Yin YW and Hu AM), and the result was 
reviewed by a third author (Sun QQ). The following data 
were collected from each study: last name of the first author, 
year of publication, country and ethnicity of the studied 
population, source of controls, the number of cases and con-
trols, and information of genotypes and alleles. In addition, 
evidence of Hardy–Weinberg equilibrium (HWE) was also 
collected (p < 0.05 of HWE was considered significant).

Statistical analysis

The strength of association between the rs9340799 poly-
morphism and the OA risk was measured by ORs with 
95 % CIs. The pooled ORs were estimated for four genetic 
models (allelic model: G allele vs. A allele, additive model: 
G/G vs. A/A, recessive model: G/G vs. A/G + A/A, and 
dominant model: G/G + A/G vs. A/A). Heterogeneity 
between studies was formally tested by using Cochran’s 
Q statistic and considered statistically significant when 
p < 0.10. Heterogeneity was also measured with I2 statis-
tic (I2 > 50 % indicated evidence of heterogeneity) (Hig-
gins et al. 2003). The fixed-effects model was used in the 
absence of the between-study heterogeneity; otherwise, 
the random-effects model was used (Mantel and Haen-
szel 1959; Berkey et al. 1995). Subgroup analyses were 
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performed based on ethnicity and diseases. Furthermore, 
in order to evaluate the stability of the results, sensitivity 
analyses were performed by limiting the meta-analysis to 
studies conforming to HWE. An estimate of potential pub-
lication bias was assessed with Begg’s funnel plot and Egg-
er’s regression test (p < 0.05 was considered representative 
of statistically significant publication bias) (Egger et al. 
1997). If there was some evidence of publication bias, the 
Trim and Fill method was used to adjust the meta-analysis 
results by inputting data from the potential missing studies. 
Data of meta-analysis were analyzed using Review Man-
ager 5.1.4 (Cochrane Collaboration, The Nordic Cochrane 
Centre, Copenhagen) and Stata 11.0 (StataCorp LP, Col-
lege Station, TX, USA).

Results

Study characteristics

The study selection process is detailed in Fig. 1. A total of 
10 eligible studies were identified in a systematic search of 
the PubMed, Web of Science, Embase, Cochrane database, 
Current Controlled Trials, Clinicaltrials.gov, Chinese Clini-
cal Trial Registry, CBMdisc, CNKI, Google Scholar, Baidu 

Library and reference cited in the researches (Ushiyama 
et al. 1998; Bergink et al. 2003; Jin et al. 2004; Xue et al. 
2004; Lian et al. 2007; Kang et al. 2007; Yang et al. 2009; 
Wise et al. 2009; Tian et al. 2009; Borgonio-Cuadra et al. 
2012), which contained 2,924 OA cases and 5,868 controls. 
Tables 1, 2 show the studies identified and their main char-
acteristics. Four studies were performed in Europeans (Ber-
gink et al. 2003; Lian et al. 2007; Wise et al. 2009; Borgonio-
Cuadra et al. 2012), and six studies were performed in Asians 
(Ushiyama et al. 1998; Jin et al. 2004; Xue et al. 2004; Kang 
et al. 2007; Yang et al. 2009; Tian et al. 2009). The countries 
of these studies included China, Japan, Korea, Mexico, Neth-
erlands and USA. The genotype distributions among the con-
trols of all studies followed the HWE except for the studies of 
Kang et al. (2007) and Yang et al. (2009) (p < 0.05).

Quantitative synthesis

According to the presence or absence of the heterogeneity 
(Table 2), the random-effects model was used to calculate 
the pooled ORs of the allelic model and the recessive model, 
and the fixed-effects model was used to calculate the pooled 
ORs of the additive model and the dominant model. The 
overall results showed that there was significant association 
between the rs9340799 polymorphism and OA, suggesting 

Fig. 1  Flow diagram of the study selection process
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that the rs9340799 G allele may be a risk factor for OA 
(for G allele vs. A allele: OR = 1.21, 95 % CI 1.03–1.43, 
p = 0.02; for G/G vs. A/A: OR = 1.30, 95 % CI 1.07–1.57, 
p = 0.009; for G/G vs. A/G + A/A: OR = 1.21, 95 % CI 
0.99–1.47, p = 0.07; for G/G + A/G vs. A/A: OR = 1.19, 
95 % CI 0.99–1.43, p = 0.06). The main results of the meta-
analysis are shown in Table 2 and Fig. 2, respectively.

In the subgroup analyses based on ethnicity and dis-
eases, significant associations were also found between 
the rs9340799 polymorphism and OA in the Europeans 
(for G allele vs. A allele: OR = 1.11, 95 % CI 1.01–1.22, 

p = 0.03; for G/G vs. A/G + A/A: OR = 1.15, 95 % CI 
1.02–1.31, p = 0.03), Asians (for G/G vs. A/A: OR = 2.18, 
95 % CI 1.29–3.68, p = 0.004; for G/G + A/G vs. A/A: 
OR = 1.79, 95 % CI 1.10–2.92, p = 0.02), and knee osteo-
arthritis (KOA) group (for G allele vs. A allele: OR = 1.47, 
95 % CI 1.08–1.99, p = 0.01; for G/G vs. A/A: OR = 2.07, 
95 % CI 1.11–3.87, p = 0.02; for G/G + A/G vs. A/A: 
OR = 1.40, 95 % CI 1.06–1.86, p = 0.02). Furthermore, 
no significant association was found between this variation 
and other OA group. The main results of the subgroup anal-
yses are shown in Table 2.

Table 1  Characteristics of studies included in this meta-analysis

PB population-based, GOA generalized osteoarthritis, KOA knee osteoarthritis, HIOA hip osteoarthritis, TJOA temporomandibular joint osteoar-
thritis, HAOA hand osteoarthritis, HWE Hardy–Weinberg equilibrium, Y yes, N no

First  
authors

Year Country Ethnicity Source of 
controls

Disease Sample size 
(case/control)

Genotypes distribution (case/control) HWE  
Y/N (P)

A/A A/G G/G A G

Ushiyama T 1998 Japan Asian PB GOA 65/318 36/211 28/98 1/9 100/520 30/116 Y (0.5528)

Bergink AP 2003 Netherlands European PB KOA 1,483/369 643/161 682/165 158/43 1,968/487 998/251 Y (0.9415)

Jin SY 2004 Korea Asian PB KOA 151/397 98/256 49/126 4/15 245/638 57/156 Y (0.9178)

Xue Y 2004 China Asian PB KOA 55/176 21/40 24/82 10/54 66/162 44/190 Y (0.4089)

Lian K 2007 USA European PB HIOA 569/4,123 257/1,700 250/1,932 62/491 764/5,332 374/2,914 Y (0.1036)

Kang S 2007 South Korea Asian PB TJOA 100/74 65/46 31/28 4/0 161/120 39/28 N (0.0447)

Yang JX 2009 China Asian PB KOA 41/40 28/24 11/13 2/3 67/104 15/50 N (0.0112)

Wise BL 2009 USA European PB HAOA 307/214 148/85 116/99 43/30 412/269 202/159 Y (0.8914)

Tian Z 2009 China Asian PB KOA 38/40 18/6 16/21 4/13 52/33 24/47 Y (0.5989)

Borgonio-
Cuadra VM

2012 Mexico European PB KOA 115/117 70/62 41/47 4/8 181/171 49/63 Y (0.8213)

Table 2  Meta-analyses of rs9340799 polymorphism and risk of OA in each subgroup

PQ p values for heterogeneity from Q test, BH based on HWE (studies without HWE were excluded), KOA knee osteoarthritis
a Significant heterogeneity: the random-effects model was chosen to summarize the result

Category Sample size 
(case/control)

G vs. A G/G vs. A/A G/G vs. A/G + A/A G/G + A/G vs. A/A

OR  
(95 % CI)

PQ, I2 (%) OR  
(95 % CI)

PQ, I2 (%) OR  
(95 % CI)

PQ, I2 (%) OR  
(95 % CI)

PQ, I2 (%)

Overall  
analysis

2,924/5,868 1.21 (1.03, 
1.43)a

0.006 (61 %) 1.30 (1.07, 
1.57)

0.10 (39 %) 1.21 (0.99, 
1.47)a

0.02 (54 %) 1.19 
(0.99,1.43)

0.38 (7 %)

Subgroup analysis based on ethnicity

 European 2,474/4,823 1.11 (1.01, 
1.22)

0.002 (74 %) 1.19 (0.96, 
1.47)

0.74 (0 %) 1.15 (1.02, 
1.31)

0.32 (14 %) 1.11 
(0.91,1.35)

0.78 (0 %)

 Asian 450/1,045 1.38 (0.93, 
2.04)a

0.51 (0 %) 2.18 (1.29, 
3.68)

0.15 (39 %) 1.34 (0.84, 
2.14)a

0.007 (69 %) 1.79 
(1.10,2.92)

0.44 (0 %)

Subgroup analysis based on type of diseases

 KOA 1,883/1,139 1.47 (1.08, 
1.99)a

0.002 (73 %) 2.07 (1.11, 
3.87)a

0.04 (57 %) 1.40 (0.98, 
1.98)a

0.02 (63 %) 1.40 
(1.06,1.86)

0.33 (14 %)

 Others 1,041/4,729 1.10 (0.98, 
1.23)

0.31 (17 %) 1.17 (0.91, 
1.51)

0.59 (0 %) 1.16 (1.00, 
1.34)

0.11 (51 %) 1.06 
(0.84,1.35)

0.53 (0 %)

Sensitivity analysis

 BH 2,783/5,754 1.19 (1.00, 
1.41)a

0.009 (63 %) 1.49 (1.07, 
2.08)a

0.08 (44 %) 1.21 (0.97, 
1.52)a

0.007 (54 %) 1.21 
(1.00,1.45)

0.37 (8 %)
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Sensitivity analysis

Sensitivity analysis was performed to evaluate the stability 
of the overall results. The studies of Kang et al. (2007) and 
Yang et al. (2009) were excluded from the sensitivity anal-
ysis due to the genotype distribution in the control group 
of the study deviating from HWE. We found that the corre-
sponding pooled ORs were materially altered in the allelic 
model and the additive model, indicating that the study 
without HWE should be considered as a factor influencing 
the overall results. The results of the sensitivity analysis are 
shown in Table 2.

Publication bias

Begg’s funnel plot and Egger’s regression test were per-
formed to assess the publication bias. As shown in Fig. S1, 
the shapes of the funnel plots revealed obvious asymmetry 
in the additive model (Fig. S1 B) and the dominant model 
(Fig. S1 D), suggesting that there were obvious publication 
biases in these two genetic models. Moreover, the results 
of Egger’s regression test also provided sufficient evidence 
for publication bias (p = 0.046 for the additive model, 
p = 0.028 for the dominant model). Given that publica-
tion bias existed in the above two comparisons, the Trim 
and Fill method was applied to adjust the results (Fig. S2). 
The corresponding pooled OR was materially altered in the 
additive model (OR = 1.17, 95 % CI 0.97–1.41), but not 
in the dominant model (OR = 1.10, 95 % CI 0.92–1.31) 
which suggested the result of the additive model was not 
statistically robust. In addition, there was no evidence for 
publication bias in other genetic models (p = 0.154 for 
allelic model, and p = 0.257 for recessive model) (Fig. S1 
A and C).

Discussion

Osteoarthritis is a complex disease with various involved 
factors including environmental and genetic factors (Spec-
tor and MacGregor 2004; Coggon et al. 2001). The asso-
ciation between the rs9340799 polymorphism and OA has 
been intensively studied. However, previous attempts to 
explore the existing evidence were always in the context 
of a case–control or cohort study (Ushiyama et al. 1998; 
Bergink et al. 2003; Jin et al. 2004; Xue et al. 2004; Lian 
et al. 2007; Kang et al. 2007; Yang et al. 2009; Wise et al. 
2009; Tian et al. 2009; Borgonio-Cuadra et al. 2012), not 
having enough statistical power to explore the real associa-
tion of the rs9340799 polymorphism with OA. Recently, 
meta-analysis has been widely used in genetic association 
studies because it has the potential to detect small effects 
between gene polymorphism and human disease (Yin et al. 

2013, 2014a, b). By increasing the sample size, the meta-
analysis obtains enough statistical power to explore the real 
association of the gene polymorphism with human disease. 
Here, we focused on the association between the rs9340799 
polymorphism and OA, and designed this meta-analysis to 
derive a more precise association between this gene varia-
tion and OA.

To the best of our knowledge, this is the first compre-
hensive meta-analysis to date investigating the association 
between the rs9340799 polymorphism and OA. The over-
all results showed that there was significant association 
between the rs9340799 polymorphism and OA, suggest-
ing that the G allele may be a risk factor for OA. Consid-
ering that potential ethnic difference might be associated 
with the distribution of genotypes, we also performed 
subgroup analysis by ethnicity. Similarly, significant asso-
ciations were found between this variation and OA in both 
European and Asian populations. Furthermore, in the sub-
group analysis by disease type, significant association was 
also found between the rs9340799 polymorphism and OA 
in the KOA group. For the other OA group, however, no 
significant association was found. This inconsistent result 
on subgroup analysis may partly resulted from the genetic 
diversity among disease. Moreover, as OA is a multifacto-
rial disease, in addition to the genetic factors, environmen-
tal factors also play an important role in OA etiology. Thus, 
this discrepancy may also be caused by varied geographic 
distribution, linked to climate, diet, economic status and 
lifestyle. Nevertheless, the results of subgroup analyses 
further strengthened our conclusion that the G allele of the 
rs9340799 polymorphism may be a risk factor for OA. In 
addition to the subgroup analyses, we also performed sen-
sitivity analyses restricted to the studies conforming to 
HWE. We found that the corresponding pooled ORs were 
materially altered in the allelic model and the additive 
model, indicating that the study without HWE should be 
considered as a factor influencing the overall results.

Heterogeneity should not be ignored in the interpretation 
of the final results (Ioannidis et al. 2007), which was also 
observed in the present meta-analysis. Common reasons of 
heterogeneity may be attributed to the diversity in design, 
study quality, characteristics of the cases and controls 
involved, sample-sizes, genotyping quality, and some stud-
ies without HWE, etc. After subgroup analyses, we effec-
tively removed the heterogeneity in the European group 
and the other OA group. Therefore, the heterogeneity might 
partly result from the ethnicity difference or disease type. 
To further explore the sources of heterogeneity, we created 
a Galbraith plot to identify the potential outlier studies. 
Three studies (Ushiyama et al. 1998; Xue et al. 2004; Tian 
et al. 2009) were identified as the main contributors to het-
erogeneity (Fig. S3). After excluding the outlier studies, the 
heterogeneity was effectively removed in the allelic model 
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and the dominant model. Furthermore, the corresponding 
pooled ORs were not materially altered in all comparisons 
(data not show), suggesting the overall results of this meta-
analysis were statistically robust.

Some limitations of this meta-analysis should be 
acknowledged. Firstly, between-study heterogeneity in the 
present meta-analysis should be noted, which may affect 
the results of the present meta-analysis. Secondly, publi-
cation bias existed in the additive model and the dominant 
model. Only full-text articles published in English and Chi-
nese were included in this meta-analysis, missing some eli-
gible studies which were unpublished or reported in other 
languages. This may bias the present results. Therefore, the 
results should be interpreted with caution. Thirdly, some 
limitations of the meta-analysis are inherent (including this 
one), such as their retrospective nature that is subject to 
the methodological deficiencies of the included studies. In 
spite of these, this meta-analysis of the association of the 
rs9340799 polymorphism with the OA risk is statistically 
more convincing than any single study.

In conclusion, our meta-analysis including 8,792 sub-
jects suggested that the rs9340799 polymorphism might be 
associated with the risk of OA. However, the results should 
be interpreted with caution because of the publication bias. 
Further studies with large sample size, especially with mul-
ticentric case–control studies, will be needed to confirm 
our findings.
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