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Abstract: Objective: The estrogen receptor alpha (ESR1) gene has been implicated in the etiology of osteoarthritis 
(OA). However, the results are conflicting. We assessed the association of three common ESR1 polymorphisms, 
rs2234693, rs9340799 and rs2228480, with OA in this meta-analysis. Methods: A comprehensive search was 
performed to identify related studies. Pooled odds ratio (OR) with 95% confidence interval (CI) was calculated us-
ing fixed or random effects model. Results: 15 studies (7036 cases and 9669 controls) for rs2234693 polymor-
phism, 14 studies (3904 cases and 6991 controls) for rs9340799 and 3 studies (331 cases and 619 controls) 
for rs2228480 polymorphism were identified. The final results indicated that the G allele in ESR1 rs9340799 was 
associated with decreased OA risk (GG+GA vs. AA: OR=0.878, 95% CI=0.792-0.972, P=0.012; G vs. A: OR=0.902, 
95% CI=0.836-0.975, P=0.009). The A allele in rs2228480 might be associated with increased OA risk. But no 
significant association of rs2234693 polymorphism with OA susceptibility was observed. Conclusions: This meta-
analysis indicates rs9340799 and rs2228480 rather than rs2234693 polymorphisms are associated with the 
incidence of OA. Some stable associations should be further confirmed in future.
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Introduction

Osteoarthritis (OA) is one of the most common 
disabling skeletal disease, particularly in the 
elderly [1]. The prevalence rate for OA was 
11.3% with approximately 85 million OA 
patients in 2009 in the world, which might 
increase to 122 million in 2017. Hence, the bur-
den of OA on the national economy and health-
care system is enormous, both in the devel-
oped and developing countries [2, 3]. OA has a 
multifactor etiology resulted from the interac-
tions of environmental factors and genes [4]. 
Previous familial and twin studies have shown 
that 39%-70% of OA incidence is attributable to 
genetic factors [5-7]. To date, many genes from 
candidate and genome wide association stud-
ies have been reported to be related to the 
development of OA [8-11].

Epidemiological researches show sex-specific 
differences in the prevalence and incidence of 
OA, with females generally at a higher risk [12]. 
Moreover, the prevalence of OA in females 
increases rapidly among the postmenopausal 
women [1, 4]. These evidences suggest that 

the influence of estrogen may affect the devel-
opment of OA [13]. In the estrogen endocrine 
system, estrogen receptor alpha (ESR1) is an 
essential mediator in the signal transduction 
pathway. Previous studies both in vitro and in 
vivo have reported that ESR1 is expressed in 
particular chondrocytes and osteoblasts, and 
influences on the pathological process of OA 
[14]. The mutations in ESR1 gene may be asso-
ciated with OA susceptibility. Several studies 
have investigated the association between sin-
gle nucleotide polymorphisms (SNPs) in the 
ESR1 gene and OA risk. Among those SNPs, 
three were most commonly studied: rs2234693 
(Pvu II T>C intron 1), rs9340799 (XbaI A>G in 
intron 1), and rs2228480 (BtgI G>A in exon 8). 
However, the results linking ESR1 gene muta-
tions with the risk of OA have been inconsistent 
[15-22].

Meta-analysis is a useful method to overcome 
the disadvantages of individual studies, ana-
lyze the reasons of inconsistent results, and 
increase the statistical power and the precision 
of effect estimates. In this study, we performed 
a meta-analysis to clarify the associations of 
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the three polymorphisms in the ESR1 gene with 
OA susceptibility.

Methods

Search strategy

A comprehensive search, restricted to human 
studies, English and Chinese language papers, 
was performed using the following databases 
(PubMed; Web of Science; EMBASE; Wiley 
Online Library; China National Knowledge 
Infrastructure; Wanfang database; Database of 
Chinese Scientific and Technical Periodicals) 
and the search terms (“osteoarthritis” or “OA” 
or “osteoarthrosis” or “degenerative arthritis” 
or “degenerative joint disease”) and (“estrogen 
receptor” or “ER” or “ESR”) for relevant articles 
without time restriction. The last search was 
performed on February 25, 2015. In addition, 

A data extraction sheet was developed that 
including first authors, publication year, country 
where the study was conducted, gene informa-
tion, gender, source of controls, specific classi-
fication of OA, genotype distribution in OA cases 
and controls, P value for Hardy-Weinberg equi-
librium (HWE) test in controls. The 9-star 
Newcastle-Ottawa Scale was used to estimate 
the quality of included study [23]. Study inclu-
sion, data extraction and quality assessment 
were performed by 2 independent investiga-
tors. Any disagreement was settled by discus-
sion all of the authors.

Statistical analysis

The associations of polymorphisms in the ESR1 
gene with OA were estimated by calculating 
pooled OR and 95% CI under dominant, reces-
sive and codominant genetic models, respec-

Figure 1. Flow diagram of studies selection in meta-analysis.

we searched and identified 
studies not captured by our 
database through reviewing 
reference lists in retrieved 
articles.

Inclusion criteria

All identified studies were 
carefully reviewed to deter-
mine whether an individual 
study was eligible for inclu-
sion in this meta-analysis. 
The inclusion criteria were as 
follows: (1) case-control or 
cohort studies focusing on 
the associations of polymor-
phisms in the ESR1 gene with 
OA; (2) studies categorized by 
the ESR1 genotype; (3) infor-
mation and results of specific 
loci (rs2234693, rs9340799 
and rs2228480) with OA risk 
were provided; (4) there was 
no restriction in publication 
date, publication language 
and publication status; (5) 
animal studies, reviews, com-
ments, and editorials were 
excluded.

Data extraction and quality 
assessment
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Table 1. Characteristics of the studies included in the meta-analysis

Study (year) Region Ethnicity Source of 
controls Disease

Gender  
(Female, %)

Genotype distributions  
in cases/controlsa Sample size

PHWE
b MAF

Cases Controls 11 12 22 Cases Controls
rs2234693 (Pvu II T>C intron 1)
    Ushiyama (1998) Japan Asian PB GOA 100 100 19/115 35/146 11/57 65 318 0.416 0.414
    Loughlin (2000) Britian Caucasian PB GOA 58.2 40.1 114/110 183/187 74/72 371 369 0.675 0.447
    Bergink (2003) Netherlands Caucasian PB KOA 58.8 67.8 434/225 737/333 312/129 1483 687 0.756 0.450
    Jin (2004) Korea Asian PB KOA 64.9 52.1 61/152 68/183 22/62 151 397 0.597 0.382
    Xue (2004) China Asian PB KOA 100 100 17/57 23/87 15/32 55 176 0.905 0.442
    Kang (2007) Korea Asian PB TOA 100 100 40/29 46/32 14/13 100 74 0.466 0.379
    Lian (2007) USA Caucasian PB HIOA 100 100 188/1162 277/2067 102/884 567 4113 0.552 0.461
    Tian (2009) China Asian PB KOA 100 100 16/15 15/16 7/9 38 40 0.330 0.404
    Wise (2009) USA Caucasian PB HAOA 51.2 51.2 101/65 145/100 58/46 304 211 0.578 0.440
    Yang (2009) China Asian PB KOA 61.7 61.7 14/12 17/23 10/5 41 40 0.336 0.432
    Riancho (2010) Europe Caucasian PB GOA 61.4 51.6 986/732 1547/1174 614/475 3147 2381 0.934 0.443
    Borgonio-Cuadra (2012) Mecixo Mexican PB KOA 80.9 82.9 52/51 49/50 14/16 115 117 0.543 0.343
    Dai (2014) China Asian PB KOA 71.2 23.7 167/198 217/242 85/74 469 514 0.997 0.395
    Liu (2014) China Asian PB KOA 100 100 30/63 41/97 27/36 98 196 0.900 0.449
    Stemig (2014) USA Caucasian HB TOA 92.9 45.9 12/7 13/19 7/10 32 36 0.706 0.485
rs9340799 (XbaI -351 A>G in intron 1)
    Ushiyama (1998) Japan Asian PB GOA 100 100 36/211 28/98 1/9 65 318 0.707 0.191
    Loughlin (2000) Britian Caucasian PB GOA 58.2 40.1 164/161 158/165 49/43 371 369 0.942 0.343
    Bergink (2003) Netherlands Caucasian PB KOA 58.8 67.8 643/372 682/263 158/52 1483 369 0.559 0.337
    Jin (2004) Korea Asian PB KOA 64.9 52.1 98/256 49/126 4/15 151 397 0.918 0.194
    Xue (2004) China Asian PB KOA 100 100 21/40 24/82 10/54 55 176 0.448 0.506
    Kang (2007) Korea Asian PB TOA 100 100 65/46 31/28 4/0 100 74 0.059 0.193
    Lian (2007) USA Caucasian PB HIOA 100 100 257/1700 250/1932 62/491 569 4123 0.109 0.350
    Tian (2009) China Asian PB KOA 100 100 18/6 16/21 4/13 38 40 0.749 0.455
    Wise (2009) USA Caucasian PB HAOA 51.2 51.2 148/85 116/99 43/30 307 214 0.884 0.346
    Yang (2009) China Asian PB KOA 61.7 61.7 28/24 11/13 2/3 41 40 0.659 0.210
    Borgonio-Cuadra (2012) Mexico Mexican PB KOA 80.9 82.9 70/62 41/47 4/8 115 117 0.821 0.241
    Dai (2014) China Asian PB KOA 71.3 23.7 288/348 152/155 29/19 469 522 0.771 0.203
    Liu (2014) China Asian PB KOA 100 100 36/49 43/92 19/55 98 196 0.394 0.481
    Stemig (2014) USA Caucasian HB TOA 92.9 45.9 17/13 21/17 4/6 42 36 0.912 0.372
rs2228480 (BtgI G>A in exon 8)
    Jin (2004) Korea Asian PB KOA 64.9 52.1 84/257 57/122 10/18 151 397 0.436 0.214
    Jiao (2007) China Asian PB KOA 85.5 70.3 5/16 56/97 15/5 76 118 <0.001 0.497
    Tawonsawatruk (2009) Thailand Asian HB KOA 87.5 88.5 62/63 37/37 5/4 104 104 0.776 0.221
HWE, Hardy-Weinberg equilibrium; MAF, minor allele frequency; HB, hospital based; PB, population based; GOA, generalized osteoarthritis; KOA, knee osteoarthritis; HIOA, hip osteoarthritis; TOA, temporo-
mandibular joint osteoarthritis; HAOA, hand osteoarthritis. aFor rs2234693 variant, 11, 12 and 13 represent TT, CT and CC, respectively; for rs9340799 variant, 11, 12 and 13 represent AA, GA and GG, 
respectively; for rs2228480 variant, 11, 12 and 13 represent GG, AG and AA, respectively. bP value for Hardy–Weinberg equilibrium test in controls.
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Figure 2. Forest plots for the three common ESR1 polymorphisms and OA risk. A: For rs2234693 in dominant model (CC+CT vs. TT); B: For rs9340799 in dominant 
model (GG+GA vs. AA) among all included studies; C: For rs2228480 in dominant model (AA+AG vs. GG); D: For rs9340799 in dominant model (GG+GA vs. AA) after 
sensitivity analysis.
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tively. In brief, the odds ratio (OR) with 95% con-
fidence intervals (CI) of each study was calcu-
lated on a fourfold table that included the sam-
ple size distributed by genotype and OA. 
Pearson’s chi-square with exact probability was 
used to test departure from HWE for ESR1 gen-
otype distribution in control samples. Pooled 
measure was calculated as the inverse vari-
ance-weighted mean of the logarithm of OR 
with 95% CI to assess the strength of associa-
tion between ESR1 polymorphisms and OA. The 
Q test and I2 were used to assess heterogeneity 
among included studies [24]. In the presence of 
substantial heterogeneity (I2>50%) [25], the 
DerSimonian and Laird random effect model 
(REM) was adopted as the pooling method; oth-
erwise, the fixed effect model (FEM) was used 
as the pooling method. Meta-regression with 
restricted maximum likelihood estimation was 
performed to assess the potentially important 
covariates exerting substantial impact on 
between-study heterogeneity. The ‘leave one 
out’ sensitivity analysis was carried out using 
I2>50% as the criteria to evaluate the key stud-
ies with substantial impact on between-study 
heterogeneity [26]. An analysis of influence was 
conducted [27], which describes how robust 
the pooled estimator is to removal of individual 

studies. Publication bias was estimated using 
modified Egger’s linear regression test, as pro-
posed by Harbord et al. [28]. All statistical anal-
yses were performed with STATA version 13.1 
(Stata Corporation, College Station, TX, USA). 
All reported probabilities (P-value) were two-
sided, and that less than 0.05 was considered 
statistically significant.

Results

Study characteristics 

The detailed selection process of our study was 
illustrated in Figure 1 and 17 eligible articles 
[15-22, 29-37] were included in this meta-anal-
ysis. Among them, four articles were published 
in Chinese [33, 34, 36, 37]. Six studies were 
conducted in Caucasians, ten studies were per-
formed in Asians and one study was conducted 
in Mexican mestizo. 15 studies reported the 
association between rs2234693 and OA risk, 
14 studies for rs9340799 and OA risk, and 3 
studies for rs2228480 and OA risk. General 
characteristics and data in the studies included 
in this meta-analysis were shown in Table 1. 
The quality score of studies ranged from 5 stars 
to 8 stars according to the 9-star Newcastle-
Ottawa Scale.

Table 2. Pooled ORs and 95% CIs of the associations between three polymorphisms in ESR1 gene 
and OA risk

Contrasts Data No. (case/
control) I2 (%) PQ

a Method OR 95% CI P Pbias
b

rs2234693 (Pvu II -397 T>C intron 1)

    CC+CT vs. TT All studies 7036/9669 1.0 0.439 FEM 0.976 0.908-1.050 0.520 0.704

    CC vs. CT+TT All studies 7036/9669 16.5 0.269 FEM 1.002 0.919-1.093 0.963 0.446

    C vs. T All studies 7036/9669 26.9 0.159 FEM 0.990 0.943-1.039 0.688 0.836

rs9340799 (XbaI -351 A>G in intron 1)

    GG+GA vs. AA All studies 3904/6991 55.8 0.006 REM 0.865 0.733-1.021 0.051 0.135

Sensitivity analysisc 3397/6429 27.5 0.175 FEM 0.878 0.792-0.972 0.012 0.416

    GG vs. GA+AA All studies 3904/6991 29.2 0.144 FEM 0.896 0.766-1.049 0.172 0.419

Sensitivity analysisc 3397/6429 0.0 0.612 FEM 0.872 0.739-1.027 0.101 0.507

    G vs. A All studies 3904/6991 60.7 0.002 REM 0.882 0.771-1.008 0.066 0.180

Sensitivity analysisc 3397/6429 25.7 0.191 FEM 0.902 0.836-0.975 0.009 0.381

rs2228480 (BtgI +594 G>A in exon 8)

    AA+AG vs. GG All studies 331/619 0.0 0.390 FEM 1.371 1.014-1.853 0.040 0.833

Sensitivity analysisd 255/501 0.0 0.321 FEM 1.312 0.958-1.797 0.090 NON

    AA vs. AG+GG All studies 331/619 55.5 0.106 REM 2.207 0.891-5.469 0.087 0.850

Sensitivity analysisd 255/501 0.0 0.833 FEM 1.430 0.720-2.837 0.307 NON

    A vs. G All studies 331/619 0.0 0.448 FEM 1.348 1.083-1.678 0.008 0.654

Sensitivity analysisd 255/501 0.0 0.353 FEM 1.268 0.979-1.643 0.072 NON

ESR1, estrogen receptor alpha; OA, osteoarthritis; No, number of included samples size; FEM, fixed effect model; REM, random effect model. aP 
value for between-study heterogeneity based on Q test. bP value for publication bias based on Egger’s linear regression test proposed by Harbord. 
cSensitivity analysis excluded Tian’s and Dai’s studies. dSensitivity analysis excluded Jiao’s study.
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Quantitative synthesis

For rs2234693 polymorphism, a total of 7036 
cases and 9669 controls were identified. The 
results suggested there was no significant 
association between this polymorphism and OA 
under three genetic models (CC+CT vs. TT: 
OR=0.976, 95% CI=0.908-1.050, P=0.520, 
Figure 2A; CC vs. CT+TT: OR=1.002, 95% 
CI=0.919-1.093, P=0.963; C vs. T: OR=0.990, 
95% CI=0.943-1.039, P=0.688) (Table 2).

For rs9340799 polymorphism, a total of 3904 
cases and 6991 controls were identified. The 
results suggested there was no significant 
association between this polymorphism and OA 
under three genetic models (GG+GA vs. AA: 
OR=0.865, 95% CI=0.733-1.021, P=0.051, 
Figure 2B; GG vs. GA+AA: OR=0.896, 95% 
CI=0.766-1.049, P=0.172; G vs. A: OR=0.882, 
95% CI=0.771-1.008, P=0.066) (Table 2).

For rs2228480 polymorphism, a total of 331 
cases and 619 controls were identified. The 
meta-analysis indicated that the polymorphism 
A allele was associated with OA risk under dom-
inant genetic model (AA+AG vs. GG: OR=1.371, 
95 % CI 1.014-1.853, P=0.040, Figure 2C) and 
codominant genetic model (A vs. G: OR=1.348, 
95% CI=1.083-1.678, P=0.008), but non-
significant association was observed under 
recessive genetic model (AA vs. AG+GG: 
OR=2.207, 95% CI=0.891-5.469, P=0.087) 
(Table 2).

Meta-regression

The between-study heterogeneity (I2>50%) 
could be found among some groups in Table 2, 
especially in rs9340799 and rs2228480 with 
OA risk. The univariate meta-regression, with 
the covariates of published year, ethnicity 
(Caucasian, Asian and Mexican), gender (male 
and female), source of controls, disease (keen 
OA and others), mean age, sample size, MAF 
and quality, was applied to all meta-analyses. 
Except for MAF to rs9340799, no aforemen-
tioned covariates had a significant impact on 
between-study heterogeneity. After adjusting 
the influence of MAF on rs9340799, the pooled 
results did not change substantially.

Sensitivity analysis

To explore the heterogeneity among research-
es of ESR1 polymorphisms and OA, sensitivity 

analysis was performed for the groups with an 
I2>50%. The ESR1 allelic frequencies deviated 
significantly from HWE among one studies by 
Jiao et al. [34] for rs2228480 polymorphism. 
After we excluded the study, the corresponding 
pooled ORs were materially altered in the 
codominant and additive model. For rs9340799 
polymorphism, the sensitivity analysis found 
that two studies conducted by Tian et al. [36] 
and Dai et al. [17] were found to be the key con-
tributors to between-study heterogeneity. After 
excluding these two studies, the meta-analysis 
showed a significant association of G allele with 
decreased risk of OA (GG+GA vs. AA: OR=0.878, 
95% CI=0.792-0.972, P=0.012, Figure 2D; G 
vs. A: OR=0.902, 95% CI=0.836-0.975, 
P=0.009) (Table 2).

Influence analysis and publication bias

Influence analysis, after removing one study at 
a time, was performed to evaluate the stability 
of the results. After excluding Tian’s and Dai’s 
studies, the significant associations for 
rs9340799 polymorphisms under dominant 
and codominant genetic models were robust by 
influence analysis. No publication bias was 
observed in any above-mentioned analyses 
(Table 2).

Discussions

To the best of our knowledge, this is the first 
meta-analysis which comprehensively asse- 
ssed the associations between three common 
polymorphisms in the ESR1 and OA risk. The 
final results indicated that the G allele in ESR1 
rs9340799 was associated with low OA risk, 
and the A allele in ESR1 rs2228480 might be 
associated with increased OA risk. But no 
significant association of ESR1 rs2234693 
polymorphisms with OA susceptibility was 
observed in our study.

Between-study heterogeneity is common in 
meta-analysis for genetic association studies 
[38]. Our meta-analysis showed significant 
between-study heterogeneity in ESR1 rs- 
9340799 and rs2228480 with OA. An indeter-
minate number of characteristics that vary 
among studies could be the sources of 
between-study heterogeneity, e.g. published 
year, ethnicity, gender, source of controls, dis-
ease type, age, sample size, MAF and quality, 
etc. Therefore we used meta-regression and 
sensitivity analysis, which aim to reduce 
between-study heterogeneity and explore the 
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potential important causes of heterogeneity for 
both covariates and studies. Except for MAF to 
rs9340799, no aforementioned covariates had 
a significant impact on between-study hetero-
geneity. After adjusting the influence of MAF on 
rs9340799, the pooled results did not change 
substantially. Thus the corresponding subgroup 
analyses were omitted. In addition, the sensi-
tivity analysis identified three studies as being 
key contributors to between-study heterogene-
ity. After carefully estimating the three studies, 
we thought that these studies had a low quality, 
such as allelic frequencies in Jiao’s study [34] 
deviated significantly from HWE, and Dai’s 
results and analyses [17] were significantly 
incorrect. Hence, it is reasonable to exclude the 
three studies for weak heterogeneity and 
robust results in final analyses. No significant 
influence and publication bias were observed 
in all above-mentioned analyses.

The association of ESR1 rs9340799 polymor-
phisms with OA risk has been investigated by a 
recent meta-analysis, which finds that G allele 
in rs9340799 polymorphism contributed sig-
nificantly to an increased risk of OA [39]. After 
carefully reading the article, we could find the 
authors obviously reversed the exposure and 
non-exposure (genotype) and summarized an 
incorrect conclusion. Moreover, the publication 
bias and strong heterogeneity were detected in 
the article. In principle, the conclusion in our 
study was consistent with the article, and we 
further updated and corrected the association 
between ESR1 rs9340799 polymorphisms 
with OA risk with updated data and elaborate 
analyses. In addition, our results are consistent 
with a previous meta-analysis about ESR1 gene 
with bone mineral density and fracture risk in 
women [40]. They reported shows GG homozy-
gotes in rs9340799 may have higher bone min-
eral density and also a decreased risk of frac-
tures, whereas the rs2234693 polymorphism 
is not associated with either bone mineral den-
sity or fracture risk [40]. 

Some limitations of the present meta-analysis 
should be taken into consideration when inter-
preting the results. First, the present meta-
analysis was based on original data and the 
potential confounding factors were not adjust-
ed. Second, the effect of gene-gene and gene-
environment interactions may influence the 
biological effects of the polymorphisms of the 
ESR1 gene. Third, because it was very difficult 

to get the full papers published in various lan-
guages, we only included the studies published 
in English and Chinese. Four, although we do 
our best to apply meta-regression and sensitiv-
ity analysis to explore the between-study het-
erogeneity, the heterogeneity in the present 
meta-analysis should be noted, which may 
affect the results. Finally, the included samples 
for ESR1 rs2228480 and OA risk were not ade-
quate to deduce a robust conclusion and the 
association should be further confirmed in 
future.

Conclusions

This meta-analysis indicates rs9340799 and 
rs2228480 rather than rs2234693 polymor-
phisms are associated with the incidence of 
OA. Future large-scale randomized, controlled 
researches are recommended to assess a sta-
ble outcome for some small sample groups. In 
addition, future research should focus on an 
integrated approach that not only incorporates 
psychological, physical, behavioral, and genetic 
effects but also investigates the interactions 
between these factors.
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