
Systematic Review and Meta-Analysis

1

Medicine®

Association between the ESR1 and ESR2 
polymorphisms and osteoporosis risk
An updated meta-analysis
Xiao-Hui Bai, MRa , Jiao Su, MDb, Yi-Yang Mu, MRa, Xi-Qin Zhang, MSa, Hong-Zhuo Li, MRc, Xiao-Feng He, MDd,  
Xiao-Feng He, MDe,*

Abstract 
Background: Gene polymorphisms of estrogen receptor (ESR) 1 PvuII (rs2234693), XbaI (rs9340799), G2014A (rs2228480), 
ESR2 AluI (rs4986938), and RsaI (rs1256049) had been reported to be associated with the risk of osteoporosis. However, these 
conclusions were inconsistent, therefore, an updated meta-analysis was conducted to further explore these issues.

Objective: To evaluate the association between gene polymorphisms of ESR1 PvuII (rs2234693), XbaI (rs9340799), G2014A 
(rs2228480), ESR2 AluI (rs4986938), RsaI (rs1256049), and osteoporosis risk.

Materials and methods: PubMed, Medline, Ovid, Embase, CNKI, and China Wanfang databases were searched. Association 
was assessed using odds ratio with 95% confidence interval. Moreover, the false-positive reporting probability, Bayesian false-
finding probability, and Venetian criteria were used to assess the credibility of statistically significant associations.

Results: Overall, ESR1 PvuII (rs2234693) and XbaI (rs9340799) were associated with the risk of osteoporosis in Indians. 
Moreover, ESR1 G2014A (rs2228480) was associated with the decreased risk of osteoporosis in East Asians. Moreover, ESR2 
Alul (rs4986938) was associated with the increased risk of osteoporosis in East Asians and Caucasians. There was a significant 
association between ESR2 Rsal (rs1256049) and osteoporosis risk in overall population. When only high-quality and Hardy–
Weinberg equilibrium studies were included in the sensitivity analysis, all results did not change in the present study. When the 
credibility was evaluated applying false-positive reporting probability, Bayesian false-finding probability, and Venetian criteria, all 
significant associations were considered as false positive results.

Conclusions: In summary, this study shows that all substantial associations between gene polymorphisms of ESR1 (PvuII, 
XbaI, and G2014A) and ESR 2 (AluI and RsaI) and osteoporosis risk are possibly false positive results instead of real associations 
or biological variables.

Abbreviations: BFDP = Bayesian false discovery probability, CI = confidence interval, ER = estrogen, ESR = estrogen receptor, 
FPRP = false-positive report probabilities, OR = odds ratio.
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1. Introduction
Osteoporosis is a common metabolic bone disease characterized 
by low bone density and increased bone fragility, resulting in 
increased susceptibility to fractures. With the extension of human 
life expectancy, more and more elderly people suffer from osteo-
porosis.[1] As a result, osteoporosis is becoming a huge economic 
burden for society and families.[2] Epidemiological studies have 
indicated that fracture is laid low with numerous risk factors, like 
age, fracture history, gender, lifestyle, etc.[3] In addition, genetic 

factors as well as genes and genetic polymorphisms may play a 
very important role within the development of osteoporosis.

Estrogen plays a crucial role in control bone equilibrium and 
preventing biological time bone loss.[4] Estrogen activity is mod-
ulated through estrogen receptor α (ER-α) and β (ER-β) which 
are encoded by ESR1 on chromosome 6q25.1 and ESR2 on 
chromosome 14q23.2 respectively.[5] ESR1 and ESR2 isoforms 
are expressed in osteoblasts, osteoclast and bone marrow stro-
mal cells, which means that these receptors have functional roles 
in bone metabolism.[6]
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Many studies reported ESR1 PvuII (rs2234693), XbaI 
(rs9340799), G2014A (rs2228480), ESR2 AluI (rs4986938), 
RsaI (rs1256049), and osteoporosis risk.[7–49] However, this 
specific association remains controversial. Two meta-analyses 
assessed the association of osteoporosis risk with ESR1 and ESR2 
gene polymorphisms with conflicting results.[50,51] Moreover, the 
previously published meta-analyses did not conduct a credi-
bility analysis. Therefore, an updated meta-analysis was con-
ducted to further investigate the association between ESR1 
[PvuII(rs2234693), XbaI(rs9340799), G2014A(rs2228480)] 
and ESR2 (Alul(rs4986938), Rsal(rs1256049)) polymorphisms 
and the risk of osteoporosis. The present analysis enclosed 71 
additional studies which may reflect better results in the analysis 
of ESR 1 and 2 in the osteoporosis installation.

2. Materials and Methods
This meta-analysis was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
statement.[52]

2.1. Search strategy

PubMed, Medline, Ovid, Embase, China National Knowledge 
Network (CNKI), and China Wanfang Databases were used for 
literature retrieval. The search strategies are as follows (“estro-
gen receptor” OR “ESR” OR “Estrogen receptor alpha” OR 
“Estrogen receptor β” OR “ERα” OR “ERβ” OR “Estrogen 
receptor 1” OR “Estrogen receptor 2” OR “ESR1” OR “ESR2”) 
and (“polymorphism” OR “variability” OR “mutation” OR 
“gene”) and (“Osteoporosis” OR “Osteoporoses”) literature 
searches were conducted until May 30, 2023. In addition, 
a careful review of the reference list of antecedently printed 
meta-analyses was conducted to spot all eligible studies.[50,51]

2.2. Selection criteria

Inclusion criteria were as follows: (1) case-control or cohort 
studies; (2) associations were described between ESR1 PvuII 
(rs2234693), XbaI (rs9340799), G2014A (rs2228480) and 
ESR2 AluI (rs4986938) and RsaI (rs1256049) polymorphisms 
and risk of osteoporosis; (3) detailed genotype data or odds 
ratios (OR) and their corresponding 95% confidence intervals 
(CI). Exclusion criteria were as follows: (1) animal experiments 
or overlapping studies; (2) case reports, abstracts, reviews, 
letters, and meta-analysis; (3) insufficient genotype data or 
unavailable for study.

2.3. Data extraction and quality assessment

We predesigned a knowledge extraction table. Two researchers 
screened all the literatures by the inclusion and exclusion crite-
ria. Conflicts were discussed between the 2 authors to reach an 
agreement. Data extraction from each study included year of 
publication, first author, country, sex, geographic region, eth-
nicity, menopausal status, number of samples of cases and con-
trols, and genotypes frequency (Table S2, Supplemental Digital 
Content, http://links.lww.com/MD/K139). The evaluation cri-
teria of studies quality were shown in Table S1, Supplemental 
Digital Content, http://links.lww.com/MD/K138 according to 
previous studies.[53–55] Two authors assessed the studies quality, 
respectively. The total score was 21 points, studies scoring > 13 
were high quality.

2.4. Statistical analysis

STATA code version12.0 (STATA Corp, College Station, TX) 
calculated all applied math analyses for this meta-analysis. 

In 5 genetic models (dominant model; recessive model; 
additive model; overdominant model; allele model). Hardy–
Weinberg equilibrium was calculated using Chi-square test 
for the genotype frequency of the control population (P 
< .05 was considered as Hardy–Weinberg disequilibrium 
[HWD]).[56]

Heterogeneity among studies used Q test and I2 value. 
Obvious heterogeneity was observed among studies if P < 
.10 and/or I2 > 50%[57] and the ORs were pooled applying a 
random-effects model. Otherwise, a fixed-effects model was 
applied. Moreover, if I2 > 75%, the results will not be com-
bined. Meanwhile, the sources of heterogeneity were eval-
uated applied meta-regression analysis.[58] Subgroups were 
conducted by ethnicity, sex, and menopausal status. Sensitivity 
analyses were assessed by eliminating each study individually 
or by eliminating studies with both low quality and HWD. 
Egger[59] and Begg test[60] were performed for potential publi-
cation bias. If publication bias exists, a nonparametric “trim 
and fill” approach[61] was used to estimate and supplement the 
number of missing studies. False positive reporting probability 
(FPRP),[62] Bayesian error detection probability (BFDP),[63] and 
Venetian criteria[64] were used to assess the credibility of statis-
tically significant associations. associations were regarded as 
positive results if they met the following criteria: (1) significant 
associations were found in a minimum of 2 of the genetic mod-
els; (2) I2 < 50%; (3) FPRP < 0.2 and BFDP < 0.8; (4) statistical 
power > 80%.

3. Results
According to the pre-search strategy, 2712 articles were 
retrieved (Fig.  1). After deleting the duplicate items, 1513 
records were remained. After careful selection of titles and 
abstracts, we eliminated 1415 articles. After we filtered by 
full text availability and article type, 15 articles were elim-
inated due to data duplication or lack of access to detailed 
data, and 9 articles were eliminated due to poor control. 
Finally, our study included 44 articles and 195 studies 
(Tables S2–S4, Supplemental Digital Content, http://links.
lww.com/MD/K139, http://links.lww.com/MD/K140, http://
links.lww.com/MD/K141, Fig.  1), 54,360 controls were 
included. As shown in Tables S2–S4, Supplemental Digital 
Content, http://links.lww.com/MD/K139, http://links.lww.
com/MD/K140, http://links.lww.com/MD/K141 ESR1 Pvull 
(rs2234693) was reported in 28 studies (4562 cases and 
5711 controls), ESR1 Xbal (rs9340799) in 23 studies (4000 
cases and 4657 controls), and ESR1 G2014A (rs2228480) 
in 5 studies (294 cases and 1350 controls); as shown in 
Tables S5 and S6, Supplemental Digital Content, http://
links.lww.com/MD/K142, http://links.lww.com/MD/K143 
ESR2 Alul (rs4986938) had 8 studies (1880 cases and 3385 
controls) and Rsal (rs1256049) had 7 studies (1701 cases 
and 2648 controls). In addition, ESR1 Pvull (rs2234693) 
had 7 low quality articles and 22 high quality articles, 
ESR1 Xbal (rs9340799) had 5 low quality articles and 19 
high quality articles, ESR1 G2014A (rs2228480) had one 
low quality article and 4 high quality articles, ESR2 Alul 
(rs4986938) and Rsal (rs1256049) are full of high-quality 
articles and no low-quality articles (Table S7, Supplemental 
Digital Content, http://links.lww.com/MD/K144). In addi-
tion, the complete features and genotype frequencies of 
the literatures finally included by us are shown in Tables 
S2–S6, Supplemental Digital Content, http://links.lww.com/
MD/K139, http://links.lww.com/MD/K140, http://links.
lww.com/MD/K141, http://links.lww.com/MD/K142, http://
links.lww.com/MD/K143.
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3.1. Quantitative synthesis

3.1.1. ESR1 Pvull (rs2234693) polymorphism. The summary 
of results and ethnic distributions is presented in Table  1 
and Figure  2. Overall analysis indicated that the ESR1 
Pvull (rs2234693) polymorphism was not associated with 
osteoporosis risk. However, there was a significantly increased 
osteoporosis risk in Indians (pp vs Pp + PP: OR = 1.69, 95% CI 
= 1.35–2.11; pp versus PP: OR = 1.65, 95% CI = 1.23–2.2; PP 
+ pp vs Pp: OR = 1.68, 95% CI = 1.21–2.67; p vs P: OR 1.38, 
95% CI = 1.18–1.6). Similarly, an elevated risk of osteoporosis 
was also observed in Mexican-American population and 
premenopausal female. Moreover, these significant associations 
did not be changed by the results of sensitivity analysis (Table 1). 
However, after FPRP, BFDP, and Venetian standard tests of the 
above significant results, we believed that they were not credible 
(Table 6).

3.1.2. ESR1 Xbal (rs9340799) polymorphism. We found 
a significantly increased risk of osteoporosis in Indians (xx + 
Xx vs XX: OR = 1.59, 95% CI = 1.23–2.07; xx vs Xx + XX: 
OR = 1.99, 95% CI = 1.15–3.44; xx vs XX: OR = 2.63, 95% 

CI = 1.32–5.27; x vs X: OR = 1.53, 95% CI = 1.12–2.08), as 
well as mixed population, premenopausal status, and hospital-
based controls population (Table  2 and Fig.  3). Moreover, 
these significant associations did not be changed by the results 
of sensitivity analysis. However, these associations were not 
credible when we used FPRP, BFDP to correct for the significant 
results (Table 6).

3.1.3. ESR1 G2014A (rs2228480) polymorphism. We found 
no significant association between ESR1 G2014A (rs2228480) 
polymorphism and the risk of osteoporosis in overall population. 
The ESR1 G2014A (rs2228480) polymorphism was related to 
a reduced risk of osteoporosis in East Asians (AA + GG vs GA: 
OR = 0.71, 95% CI = 0.51–0.99, Table 3 and Fig. 4), and so on. 
The source of heterogeneity was found in the source of controls 
of ESR1 G2014A (rs2228480) polymorphism (AA + GA vs GG: 
P = .046; AA vs AG + GG: P = .03; AA vs GG: P = .02; A 
vs G: P = .01). Moreover, In the sensitivity analysis, we found 
association with reduced risk of osteoporosis in the overall 
analysis (AA + AG vs GG: OR = 0.38, 95% CI = 0.22–0.66; 
AA vs GA + GG: OR = 0.5, 95% CI = 0.36–0.7; AA vs GG: 
OR = 0.26, 95% CI = 0.14–0.5; A vs G: OR = 0.55, 95% CI = 

Figure 1. Flow diagram of the literature search.
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0.44–0.69, Table 3 and Fig. 4). At the same time, it was found 
again that East Asians, Mexican mixed race premenopausal 
status, postmenopausal status, and population control sources 
were significantly associated with reduced risk of osteoporosis. 
After the above significant results was corrected by FPRP and 
BFDP, only in East Asians (AA + GG vs AG FPRP = 0.124, BFDP 
= 0.124), menopausal status (AA + GG vs AG FPRP = 0.124, 
BFDP = 0.124, Table 6).

3.1.4. ESR2 Alul(rs4986938) polymorphism. Significantly 
increased risk of osteoporosis was observed in East Asians (aa 
vs AA: OR = 1.35, 95% CI = 1.02–1.79) and hospital-based 
controls (aa + Aa vs AA: OR = 1.93, 95% CI = 1.25–2.99; a 
vs A: OR = 1.64, 95% CI = 1.05–2.56, Table 4 and Fig. 5). 
However, contrasting findings were observed in Caucasians 
(aa + AA vs Aa: OR = 0.71, 95% CI = 0.51–0.99), Indians, 

premenopausal status (aa + AA vs Aa: OR = 0.49, 95% CI 
= 0.38–0.64; a vs A: OR = 0.79, 95% CI = 0.65–0.96), and 
population control sources (aa + AA vs Aa: OR = 0.84, 95% 
CI = 0.71–0.99, Table  4) yielded. Meta-regression analysis 
showed that ethnicity (aa + Aa vs AA: P = .006) and source 
of control (aa + Aa vs AA = 0.008; a vs A: P = .04) were the 
source of heterogeneity between the ESR2 Alul(rs4986938) 
polymorphism and the risk of osteoporosis. Moreover, these 
significant associations did not be changed by the results of 
sensitivity analyses. However, when we perform FPRP and 
BFDP tests on the above significant results, they cannot be 
considered credible (Table 6).

3.1.5. ESR2 Rsal(rs1256049) polymorphism. The results 
showed that ESR2 Rsal(rs1256049) polymorphism increased 

Figure 2. (A) Pvull polymorphism and osteoporosis risk in ethnic subgroup analysis. (B) Sensitivity analysis of the correlation between Pvull polymorphism and 
the risk of osteoporosis in the control group source analysis forest map.
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the risk of osteoporosis in the whole population (rr vs RR: 
OR = 1.68, 95% CI = 1.14–2.48; r vs R: OR = 1.44, 95% 
CI = 1.32–1.57, Table  5 and Fig.  6) and several subgroup 
analyses (Table  5). Meta regression analysis showed that 
menopausal status (rr + Rr vs RR: P = .003; rr vs Rr + RR: 
P = .001; rr vs RR: P = 001; rr + RR vs Rr: P = .003, r vs 
R: P = .001), source of control (rr + Rr vs RR: P < .01; rr 
vs Rr + RR: P = .02; rr vs RR: P = .02) were the source of 
heterogeneity. However, when we use FPRP, BFDP to correct 
the above significant results, it is shown that these results are 
not very credible (Table 6).

3.2. Publication bias

Begg funnel plot and Egger test showed publication bias only 
between ESR2 Rsal(rs1256049) polymorphism and osteopo-
rosis risk (rr + Rr vs RR: P = .07; rr vs RR: P = .003; rr + 
RR vs Rr: P = .02, credibility). Then, publication bias was 
adjusted using a nonparametric “trim and fill” method. We 
need to add 3 articles for the rr + RR vs Rr model in the 
future (Fig. 7), rr + Rr vs RR, and rr vs RR without additional 
studies. In the overall analysis, the results for the rr + RR vs 

Rr, rr + Rr vs RR, and rr vs RR models did not change (data 
not shown), suggesting that more studies could not change 
the pooled results.

4. Discussion
This meta-analysis enclosed 38 articles and 71 studies. 
ESR1 Pvull(rs2234693) was reportable in 28 studies, ESR1 
Xbal(rs9340799) in 23 studies, ESR1 G2014A(rs2228480) 
in 5 studies, ESR2 Alul(rs4986938) had 8 studies, ESR2 
Rsal(rs1256049) had 7 studies. Overall, once ESR1 
Pvull(rs2234693) was analyzed, the analysis indicated that 
polymorphisms in Pvull(rs2234693) did not influence the 
danger of osteoporosis. In the Indians race, Mexican mixed-
race, premenopausal status subgroup study, we found that 
the ESR1 Pvull(rs2234693) polymorphism significantly 
increased the risk of osteoporosis. Whereas no significant 
results were found in other subgroup analyses and in the final 
sensitivity analysis. Quantitative synthesis and low-quality 
information mixing may affect the confidence of the final 
results, and although 28 studies in this study assessed the 
association between Pvull(rs2234693) polymorphism and 

Figure 2. Continued
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osteoporosis risk, more high-quality studies are needed to 
draw a large number of robust conclusions. In the overall 
analysis, the ESR1 Xbal(rs9340799) polymorphism similarly 
found no association with osteoporosis. In the stratified anal-
ysis of subgroups, the quantitative composite analysis found 
that this polymorphism significantly increased the risk of 
osteoporosis in the Indians race, and mixed race, premeno-
pausal status, hospital control source in Mexico. The asso-
ciation between ESR1 G2014A(rs2228480) polymorphism 
and the risk of osteoporosis showed opposite results in sub-
group analysis between population-based and hospital-based 
controls. East Asians, Mexican mixed race, premenopausal 
status, postmenopausal status, G2014A(rs2228480) sig-
nificantly reduced the risk of osteoporosis. For the overall 
study, we did not find a significant association between ESR1 

G2014A(rs2228480) polymorphism and the incidence of 
osteoporosis. However, further in the sensitivity analysis, a 
significant association with osteoporosis risk was found in 
the overall analysis, indicating that pooled data from rel-
atively high-quality studies often indicate that G2014A 
(rs2228480) polymorphism increases osteoporosis risk. 
Overall, no association was found between the ESR2 Alul 
(rs4986938) polymorphism and also the risk of osteopo-
rosis. In subgroup analysis, the East Asians subgroup and 
hospital management cluster had opposite results compared 
with the Caucasian race subgroup, Indians race subgroup, 
biological time standing, and population-based management 
cluster. Within the sensitivity analysis, Alul(rs4986938) was 
found to be related to the danger of osteoporosis within 
the overall analysis. Within the overall analysis, the ESR2 

Figure 3. (A) Forest map of the correlation between Xbal polymorphism and osteoporosis risk in ethnic subgroup analysis (xx + Xx vs XX; xx vs Xx + 
XX; xx vs XX; x vs X). (B) Forest map of the correlation between Xbal polymorphism and the risk of osteoporosis in postmenopausal status analysis 
(xx + XX vs Xx). (C) Forest map of the correlation between Xbal polymorphism and the risk of osteoporosis in the source analysis of the control group 
(xx vs XX).
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Rsal(rs1256049) polymorphism considerably redoubled 
the danger of osteoporosis. Particularly among Esat Asian, 
Caucasian, and Indians race subgroup. In addition, the asso-
ciation between population control source and hospital con-
trol source again demonstrated that the Rsal(rs1256049) 
polymorphism significantly increased the risk of osteopo-
rosis. The current study used many subgroups and differ-
ent genetic models, which resulted in multiple comparisons, 
making it necessary to correct the pooled P values. Venice 
criteria, statistical power, and I2 values are very important 
criteria.[65] Given the large amount of genomic data currently 
being generated, we therefore investigated false positive 
results based on FPRP, BFDP, and Venice criteria. FPRP is 
a recognized method for investigating multiple hypothesis 
tests in molecular epidemiology to assess the confidence of 
important results.[66] Wakefield proposed an exact Bayesian 
Approach to the test that has been reported as false positive 
in genetic epidemiological investigations. Using FPRP, BFDP, 
and Venice criteria, we considered the results of the associa-
tion between gene polymorphisms of ESR1 Pvull(rs2234693), 
ESR1 Xbal(rs9340799), ESR1 G2014A(rs2228480), ESR2 
Alul(rs4986938), ESR2 Rsal(rs1256049) and the risk of oste-
oporosis to be less credible.

Until then, 2 connected meta-analyses[50,51] have pub-
lished the results of the association between gene polymor-
phisms of ESR1 Pvull(rs2234693), ESR1 Xbal(rs9340799), 
ESR1 G2014A(rs2228480), ESR2 Alul(rs4986938), ESR2 
Rsal(rs1256049) and the risk of osteoporosis (Table S8, 
Supplemental Digital Content, http://links.lww.com/MD/
K145). The results[50] suggest that the ESR2 RsaI(rs1256049) 
polymorphism may play a significant protective role. 
Gene polymorphisms in ESR1 PvuII(rs2234693), ESR1 
XbaI(rs9340799), ESR1 G2014A(rs2228480), and ESR2 
AluI(rs4986938) are unlikely to be associated with the risk 
of osteoporosis. ESRα/β gene polymorphisms are signifi-
cantly associated with osteoporosis risk and decreased BMD 
in postmenopausal women, but there are differences in gene 
expression and regulation between East Asians and Caucasian 
populations.[51] The determined association among these stud-
ies has been inconsistent. Additionally, revealed meta-analyses 
concerned studies with some information overlap and lots of 
uncalled-for information, and a close quality assessment of 

eligible studies wasn’t performed. moreover, none of the stud-
ies used correction tools (e.g., FPRP, BFDP) to regulate for 
multiple comparisons of positive results.

To help clarify the sooner inconclusive findings and there-
fore the results of many recently revealed studies, we have 
a tendency to conducted this meta-analysis. Compared with 
previous meta-analyses, the current meta-analysis has the 
following blessings: (1) assess the standard of the enclosed 
studies; (2) Hardy–Weinberg equilibrium check was per-
formed within the management group; (3) we have a ten-
dency to applied FPRP, BFDP, and Venezia criteria to assess 
the many associations within the current meta-analysis; (4) 
Stricter inclusion criteria and bigger sample size; (5) sub-
group analysis was additional comprehensive. We not only 
grouped women by sex, but also separately grouped women 
according to whether they were menopausal or not. Despite 
the utilization of multiple methods to ameliorate the issues 
of previous studies, there square measure many limitations 
of this study. First, we included only published articles, so 
it is inevitable that some studies may have been missed. 
Second, there was no management for contradictory fac-
tors like smoking, alcohol consumption, and variable study 
style that square measure closely associated with influencing 
the results. Third, the rating scale for study characteristics 
employed in this meta-analysis still has some limitations. 
though such assessment criteria are used before, this rating 
scale might not be elaborate enough, and conventional scores 
square measure merely calculated while not coefficient every 
item in line with its importance. Fourth, in our study, some 
low-quality studies were included in this meta-analysis, and 
small samples accounted for a certain proportion, which may 
affect the results of the overall analysis. Therefore, a more 
accurate analysis should be performed when sufficient data 
are available in the future.

5. Conclusion
In conclusion, there were no credible results demonstrat-
ing a robust association between ESR1 Pvull(rs2234693), 
ESR1 Xbal(rs9340799), ESR1 G2014A(rs2228480), ESR2 
Alul(rs4986938), ESR2 Rsal(rs1256049) polymorphisms and 

Figure 3. Continued

http://links.lww.com/MD/K145
http://links.lww.com/MD/K145
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the risk of osteoporosis. Other evidence of an increased risk of 
osteoporosis associated with these 5 polymorphisms is most 
likely due to false positive results. Significant associations 
should be interpreted with caution, and it is critical that future 
analyses be based on study quality to effectively identify the 
effects of genetic variants on osteoporosis risk, especially for 
combined effects such as gene-body status and gene-environ-
ment. In the future, larger epidemiological studies on this topic 
should be conducted to confirm or refute our findings.

Author contributions
Conceptualization: Xiao-Hui Bai.
Data curation: Xiao-Hui Bai, Yi-Yang Mu, Xi-Qin Zhang, Jiao 

Su.
Formal analysis: Xiao-Hui Bai, Xi-Qin Zhang.
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Figure 4. (A) Forest map of the correlation between G2014A polymorphism and osteoporosis risk in ethnic subgroup analysis (AA + GG vs GA). (B) Overall 
sensitivity analysis (AA vs GA + GG).



12

Bai et al. • Medicine (2023) 102:41 Medicine

T
a

b
le

 4

M
et

a-
an

al
ys

is
 o

f 
th

e 
as

so
ci

at
io

n 
o

f 
E

S
R

2 
A

lu
I p

o
ly

m
o

rp
hi

sm
 w

it
h 

ri
sk

 o
f 

o
st

eo
p

o
ro

si
s.

Va
ria

bl
e 

n 
(C

as
es

/
Co

nt
ro

ls
) 

aa
 +

 A
a 

ve
rs

us
 A

A
aa

 v
er

su
s 

Aa
 +

 A
A

aa
 v

er
su

s 
AA

aa
 +

 A
A 

ve
rs

us
 A

a
a 

ve
rs

us
 A

OR
 (9

5%
 C

I) 
P h/

I2
 (%

) 
OR

 (9
5%

 C
I) 

P h/
I2

 (%
) 

OR
 (9

5%
 C

I) 
P h/

I2
 (%

) 
OR

 (9
5%

 C
I) 

P h/
I2

 (%
) 

OR
 (9

5%
 C

I) 
P h/

I2
 (%

) 

Ov
er

al
l

8 
(1

88
0/

33
85

)
1.

37
 (0

.9
8–

1.
91

)
0.

00
1/

72
.9

*
<

0.
00

1/
85

.9
*

<
0.

00
1/

82
.3

0.
84

 (0
.6

6–
1.

08
)

0.
00

1/
72

.4
*

<
0.

00
1/

89
.3

Et
hn

ici
ty

Ca
uc

as
ia

n
3 

(5
70

/9
53

)
*

0.
00

2/
83

.7
*

<
0.

00
1/

93
.4

*
<

0.
00

1/
92

.1
0.

71
 (0

.5
1–

0.
99

)
0.

12
5/

51
.9

*
<

0.
00

1/
95

.7
As

ia
n

4 
(1

20
9/

22
41

)
1.

45
 (0

.9
9–

2.
14

)
0.

07
7/

56
.2

1.
22

 (0
.9

1–
1.

64
)

0.
04

/6
3.

9
1.

35
 (1

.0
2–

1.
79

)
0.

14
/4

5.
1

*
0.

00
49

/7
7.

5
*

0.
00

1/
81

.2
In

di
an

1 
(1

01
/1

91
)

0.
21

 (0
.1

3–
0.

36
)

NA
0.

17
 (0

.0
8–

0.
37

)
NA

0.
08

 (0
.0

3–
0.

19
)

NA
0.

84
 (0

.5
2–

1.
37

)
NA

0.
66

 (0
.4

6–
0.

95
)

NA
Se

x
–

–
–

–
–

–
–

–
–

–
–

M
en

op
au

se
 

 
 

 
 

 
 

 
 

 
 

Po
st

m
en

op
au

sa
l

7 
(1

59
8/

27
89

)
1.

45
 (0

.9
7–

2.
15

)
0.

00
2/

70
.5

*
<

0.
00

1/
82

.4
*

<
0.

00
1/

79
.8

0.
89

 (0
.6

7–
1.

20
)

0.
00

2/
71

.2
*

<
0.

00
1/

88
.5

No
n-

po
st

m
en

op
au

sa
l

2 
(3

83
/7

87
)

1.
25

 (0
.2

9–
5.

40
)

0.
00

3/
89

0.
47

 (0
.0

7–
3.

00
)

0.
06

2/
71

.4
*

0.
01

/8
5

0.
49

 (0
.3

8–
0.

64
)

0.
35

2/
0

0.
79

 (0
.6

5–
0.

96
)

0.
83

7/
0

So
ur

ce
 o

f c
on

tro
ls

HB
4 

(8
08

/1
23

5)
1.

93
 (1

.2
5–

2.
99

)
0.

06
1/

59
.3

*
<

0.
00

1/
85

.4
*

0.
00

2/
79

.2
*

<
0.

00
1/

85
.2

1.
64

 (1
.0

6–
2.

56
)

<
0.

00
1/

87
.4

PB
4 

(2
71

0/
34

68
)

0.
79

 (0
.5

6–
1.

12
)

0.
00

9/
74

.1
0.

89
 (0

.6
5–

1.
20

)
0.

03
2/

70
.8

0.
85

 (0
.5

3–
1.

36
)

0.
21

/6
9.

1
0.

84
 (0

.7
1–

0.
99

)
0.

24
1/

29
.7

0.
91

 (0
.8

0–
1.

03
)

0.
14

9/
47

.5

Se
ns

iti
vit

y 
an

al
ys

is
HW

E 
an

d 
qu

al
ity

 s
co

re
 >

 1
2

Ov
er

al
l

5 
(1

29
7/

24
18

)
1.

45
 (1

.1
4–

1.
84

)
0.

14
/4

3
1.

 1
1 

(0
.8

1–
1.

52
)

0.
01

/6
9.

9
1.

32
 (1

.0
2–

1.
73

)
0.

22
8/

29
.1

*
<

0.
00

1/
80

.6
*

0.
00

2/
76

.9
Et

hn
ici

ty
Ca

uc
as

ia
n

1 
(8

8/
17

7)
1.

66
 (0

.8
0–

3.
47

)
NA

0.
61

 (0
.3

5–
1.

07
)

NA
1.

09
 (0

.4
8–

2.
51

)
NA

0.
50

 (0
.2

9–
0.

84
)

NA
0.

92
 (0

.6
4–

1.
33

)
NA

As
ia

n
4 

(1
20

9/
22

41
)

1.
45

 (0
.9

9–
2.

14
)

0.
07

7/
56

.2
1.

22
 (0

.9
1–

1.
64

)
0.

04
/6

3.
9

1.
35

 (1
.0

2–
1.

79
)

0.
14

/4
5.

1
*

0.
04

9/
77

.5
*

0.
00

1/
81

.2
In

di
an

–
–

–
–

–
–

–
–

–
–

–
M

en
op

au
se

Po
st

m
en

op
au

sa
l

5 
(1

29
7/

24
18

)
1.

45
 (1

.1
4–

1.
84

)
0.

13
5/

43
1.

11
 (0

.8
1–

1.
52

)
0.

01
/6

9.
9

1.
32

 (1
.0

2–
1.

73
)

0.
22

8/
39

.1
*

<
0.

00
1/

80
.6

*
0.

00
2/

76
.9

No
n-

po
st

m
en

op
au

sa
l

–
–

–
–

–
–

–
–

–
–

–
So

ur
ce

 o
f c

on
tro

ls
HB

3 
(6

08
/1

05
5)

1.
71

 (0
.9

6–
3.

05
)

0.
06

1/
62

.5
*

0.
04

/8
1.

9
1.

70
 (0

.7
3–

3.
96

)
0.

06
7/

62
.9

*
<

0.
00

1/
90

.1
*

0.
00

5/
81

.3
PB

2 
(6

89
/1

36
3)

*
0.

00
4/

88
.2

1.
03

 (0
.8

5–
1.

26
)

0.
74

3/
0

1.
24

 (0
.8

9–
1.

73
)

0.
83

6/
0

0.
94

 (0
.7

6–
1.

17
)

0.
85

6/
0

0.
99

 (0
.8

4–
1.

16
)

0.
38

3/
0

Eg
ge

r t
es

t
P E

 
0.

51
1

 
0.

90
2

 
0.

61
9

 
0.

12
5

 
0.

47
0

 

ES
R

2 
A

lu
I: 

al
le

le
 m

od
el

: a
 v

er
su

s 
A,

 a
dd

iti
ve

 m
od

el
: a

a 
ve

rs
us

 A
A,

 d
om

in
an

t m
od

el
: a

a 
+

 A
a 

ve
rs

us
 A

A,
 re

ce
ss

ive
 m

od
el

: a
a 

ve
rs

us
 A

A 
+

 T
A,

 o
ve

rd
om

in
an

t m
od

el
: a

a 
+

 A
A 

ve
rs

us
 T

A.
HB

 =
 h

os
pi

ta
l-b

as
ed

; H
W

E 
=

 H
ar

dy
–W

ei
nb

er
g 

eq
ui

lib
riu

m
; P

B:
 p

op
ul

at
io

n-
ba

se
d.

*R
es

ul
ts

 I2  >
 7

5%
 a

nd
 w

er
e 

no
t p

oo
le

d.



13

Bai et al. • Medicine (2023) 102:41 www.md-journal.com

References
 [1] Verdonck C, Willems R, Borgermans L. Implementation and opera-

tionalization of Integrated People-Centred Health Services delivery 
strategies in integrated osteoporosis care (IOC) initiatives: a systematic 
review. Osteoporos Int. 2023;34:841–65.

 [2] Li N, Beaudart C, Cauley JA, et al. Correction to: cost effectiveness 
analyses of interventions for osteoporosis in men: a systematic litera-
ture review. Pharmaco Econ. 2023;41:393.

 [3] Dovjak P, Iglseder B, Rainer A, et al. Pulse-echo ultrasound measure-
ment in osteoporosis screening: a pilot study in older patients. Aging 
Clin Exp Res. 2023;35:1221–30.

Figure 5. (A) Forest map of the correlation between Alul polymorphism and osteoporosis risk in ethnic subgroup analysis (aa vs AA). (B) Sensitivity analysis of 
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Table 6

Credibility of the current meta-analysis.

Gene Variable Model n (Cases/Controls) OR Ph/I2 (%) 

Credibility

Prior probability of 0.001

Power FPRP BFDP 

Pvull Indian pp versus Pp + PP 3 (647/748) 1.69 (1.35–2.11) 0.65/0 0.001 0.742 0.014
Pvull Indian pp versus PP 3 (647/748) 1.65 (1.23–2.20) 0.67/0 0.015 0.977 0.944
Pvull Indian pp + PP versus Pp 3 (647/748) 1.68 (1.06–2.67) 0.033/70.7 0.077 0.997 0.997
Pvull Indian p versus P 3 (647/748) 1.38 (1.18–1.60) 0.507/0 0.032 0381 0.494
Pvull Mixed pp + Pp versus PP 2 (188/237) 0.35 (0.22–0.56) 0.266/19.1 0 0.988 0.435
Pvull Mixed pp versus Pp + PP 2 (188/237) 0.42 (0.22–0.78) 0.61/0 0.099 0.998 0.991
Pvull Mixed pp versus PP 2 (188/237) 0.24 (0.12–0.49) 0.821/0 0 0.996 0.892
Pvull Mixed p versus P 2 (188/237) 0.53 (0.39–0.71) 0.267/18.9. 0.001 0.945 0.454
Pvull Non-postmenopausal pp + PP versus Pp 4 (1882/2216) 1.37 (1.15–1.62) 0.428/0 0.061 0.739 0.898
XbaI Indian Xx + Xx versus XX 3 (647/748) 1.59 (1.23–2.07) 0.163/44.9 0.018 0.969 0.94
Xbal Indian xx versus XX + Xx 3 (647/748) 1.99 (1.15–3.44) 0.026/72.7 0.035 0.997 0.995
Xbal Indian xx versus XX 3 (647/748) 2.63 (1.32–5.27) 0.057/65.2 0.013 0.998 0.992
Xbal Indian x versus X 3 (647/748) 1.53 (1.12–2.08) 0.054/65.8 0.992 0.991 0.992
Xbal Mixed xx versus XX + Xx 2 (188/237) 0.42 (0.22–0.80) 0.919/0 0.019 0.998 0.993
Xbal Mixed xx versus XX 2 (188/237) 0.28 (0.13–0.58) 0.25/24.4 0.002 0.997 0.968
Xbal Mixed x versus X 2 (188/237) 0.53 (0.39–0.71) 0.267/18.9 0.001 0.945 0.452
Xbal Non-postmenopausal Xx + XX versus Xx 4 (1802/1949) 1.29 (1.03–1.61) 0.133/46.4 0.261 0.989 0.998
G2014A East Asian AA + GG versus GA 4 (224/780) 0.76 (0.51–0.99) 0.851/0 0.173 0.996 0.998
G2014A Mixed AA + AG versus GG 1 (70/570) 0.60 (0.36–0.99) NA 0.102 0.998 0.998
G2014A Mixed A versus G 1 (70/570) 0.65 (0.43–0.99) NA 0.124 0.997 0.998
G2014A Postmenopausal AA + GG versus GA 4 (224/780) 0.76 (0.51–0.99) 0.851/0 0.173 0.996 0.998
G2014A Non-postmenopausal AA + AG versus GG 1 (70/570) 0.60 (0.36–0.99) NA 0.102 0.998 0.998
G2014A Non-postmenopausal A versus G 1 (70/570) 0.65 (0.43–0.99) NA 0.124 0.997 0.998
G2014A HP AA versus GA + GG 1 (25/41) 3.89 (1.20 to 12.64) NA 0.025 0.999 0.998
G2014A HP AA versus GG 1 (25/41) 4.79 (1.32–17.46) NA 0.018 0.999 0.998
G2014A HP A versus G 1 (25/41) 2.84 (1.37–5.90) NA 0.01 0.998 0.992
G2014A PB AA + AG versus GG 4 (269/1309) 0.45 (0.30–0.68) 0.234/29.8 0.002 0.989 0.84
G2014A PB AA versus GA + GG 4 (269/1309) 0.50 (0.36–0.70) 0.99/0 0.001 0.974 0.664
G2014A PB AA versus GG 4 (269/1309) 0.26 (0.14–0.50) 0.745/0 0 0.996 0.826
G2014A PB A versus G 4 (269/1309) 0.55 (0.44–0.69) 0.749/0 0 0.591 0.013
AluI Caucasian aa + AA versus Aa 3 (570/953) 0.71 (0.51–0.99) 0.125/51.9 0.98 0.966 0.998
AluI East Asian aa versus AA 4 (1209/2241) 1.35 (1.02–1.79) 0.14/45.1 0.207 0.994 0.998
AluI Indian aa + Aa versus AA 1 (101/191) 0.21 (0.13–0.36) NA 0 0.981 0.005
AluI Indian aa versus Aa + AA 1 (101/191) 0.17 (0.08–0.37) NA 0 0.996 0.797
AluI Indian aa versus AA 1 (101/191) 0.08 (0.03–0.19) NA 0 0.995 0.006
AluI Indian a versus A 1 (101/191) 0.66 (0.46–0.95) NA 0.105 0.996 0.997
AluI Non-postmenopausal aa + AA versus Aa 2 (383/787) 0.49 (0.38–0.64) 0.352/0 0 0.772 0.01
AluI Non-postmenopausal a versus A 2 (383/787) 0.79 (0.65–0.96) 0.837/0 0.296 0.984 0.997
AluI HB aa + Aa versus AA 4 (808/1235) 1.93 (1.25–2.99) 0.061/59.3 0.017 0.994 0.985
AluI HB a versus A 4 (808/1235) 1.64 (1.06–2.56) <0.001/87.4 0.085 0.997 0.997
AluI PB aa + AA versus Aa 4 (2710/3468) 0.84 (0.71–0.99) 0.241/29.7 0.032 0381 0.494
Rasl Overall rr versus RR 7 (1701/2839) 1.68 (1.14–2.48) 0.003/70.3 0.046 0.995 0. 993
Rasl Overall rr + RR versus Rr 7 (1701/2839) 1.55 (1.12–2.14) <0.001/80.5 0.06 0.992 0.993
Rasl Overall r versus R 7 (1701/2839) 1.44 (1.32–1.57) 0.509/0 0 0 0
Rasl Caucasian r versus R 1 (200/180) 1.79 (1.10–2.92) NA 0.055 0.997 0.996
Rasl East Asian rr + Rr versus RR 5 (1400/2468) 1.30 (1.09–1.55) 0.522/0 0.186 0.949 0.99
Rasl East Asian rr versus Rr + RR 5 (1400/2468) 1.67 (1.45–1.93) 0.512/0 0 0.001 0
Rasl East Asian rr versus RR 5 (1400/2468) 2.04 (1.67–2.48) 0.14/45.1 0 0.016 0
Rasl East Asian rr + RR versus Rr 5 (1400/2468) 1.20 (1.09–1.42) 0.926/0 0.5 0.985 0.99
Rasl East Asian r versus R 5 (1400/2468) 1.43 (1.30–1.57) 0.347/10.3 0 0 0
Rasl Indian rr versus Rr + RR 1 (101/191) 1.86 (1.03–3.36) NA 0.073 0.998 0.998
Rasl Postmenopausal rr + Rr versus RR 7 (1676/2819) 1.51 (1.28–1.77) 0.448/0 0.002 0.139 0.002
Rasl Postmenopausal rr versus Rr + RR 7 (1676/2819) 1.70 (1.48–1.96) 0.525/80 0.002 0.002 0.002
Rasl Postmenopausal rr versus RR 7 (1676/2819) 2.09 (1.72–2.54) 0.415/1.2 0 0.01 0
Rasl Postmenopausal rr + RR versus Rr 7 (1676/2819) 1.20 (1.06–1.37) 0.595/0 0.5 0.933 0.996
Rasl Non-postmenopausal rr + Rr versus RR 1 (25/20) 3.14 (1.39–7.09) NA 0.001 0.998 0.993
Rasl HB rr versus Rr + RR 4 (911/1285) 1.55 (1.27–1.90) 0.566/0 0.007 0.781 0.781
Rasl HB rr versus RR 4 (911/1285) 1.80 (1.38–2.43) 0.475/0 0.004 0.968 0.8
Rasl HB rr versus RR 4 (911/1285) 1.21 (1.01–1.44) 0.22/32.3 0.463 0.986 0.999
Rasl PB rr + Rr versus RR 3 (7900/1554) 1.56 (1.26–1.94) 0.642/0 0.009 0.874 0.701
Rasl PB rr versus Rr + RR 3 (7900/1554) 1.81 (1.50–2.18) 0.901/0 0 0.052 0
Rasl PB rr versus RR 3 (7900/1554) 2.19 (1.70–2.82) 0.819/0 0 0.492 0
Rasl PB rr + RR versus Rr 3 (7900/1554) 1.34 (1.01–1.77) 0.106/55.5 0.219 0.994 0.998
Rasl PB r versus R 3 (7900/1554) 1.48 (1.31–1.67) 0.786/0 0.998 0.001 0.998

 (Continued )
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Table 6

(Continued )

Gene Variable Model n (Cases/Controls) OR Ph/I2 (%) 

Credibility

Prior probability of 0.001

Power FPRP BFDP 

Sensitivity analysis
HWE and quality score > 12
Pvull Caucasian pp + Pp versus PP 6 (664/1180) 2.01 (1.15–3.51) 0.001/74.9 0.03 0.998 0.995
Pvull Caucasian pp versus PP 6 (664/1180) 1.61 (1.21–2.14) 0.338/12.1 0.021 0.98 0.963
Pvull Caucasian p versus P 6 (664/1180) 1.24 (1.08–1.42) 0.342/11.4 0.318 0.854 0.986
Pvull Indian pp versus Pp + PP 3 (647/748) 1.69 (1.35–2.11) 0.65/0 0.001 0.742 0.014
Pvull Indian pp versus PP 3 (647/748) 1.65 (1.23–2.20) 0.67/0 0.015 0.977 0.944
Pvull Indian pp + PP versus Pp 3 (647/748) 1.68 (1.06–2.67) 0.033/70.7 0.077 0.997 0.997
Pvull Indian p versus P 3 (647/748) 1.38 (1.18–1.60) 0.507/0 0.032 0381 0.494
Pvull Mixed pp + PP versus Pp 1 (200/300) 0.51 (0.40–0.64) NA 0 0.354 0
Pvull Mixed pp versus Pp + PP 1 (200/300) 0.38 (0.18–0.80) NA 0.019 0.998 0.997
Pvull Mixed pp versus PP 1 (200/300) 0.23 (0.10–0.54) NA 0.015 0.977 0.944
Pvull Mixed p versus P 1 (200/300) 0.58 (0.41–0.82) NA 0.032 0.381 0.494
Pvull PB pp + PP versus Pp 9 (2318/3161) 1.22 (1.05–1.41) 0.13/36 0.411 0.945 0.995
Pvull PB pp versus Pp + PP 9 (2318/3161) 1.14 (1.01–1.28) 0.738/0 0.807 0.971 0.999
Pvull PB pp versus PP 9 (2318/3161) 1.27 (1.08–1.50) 0.179/30 0.252 0.951 0.993
Pvull PB p versus P 9 (2318/3161) 1.13 (1.04–1.22) 0.234/23.6 0.938 0.654 0.991
XbaI Indian xx + Xx versus XX 3 (647/748) 1.59 (1.23–2.07) 0.163/44.9 0.018 0.969 0.94
Xbal Indian xx versus Xx + XX 3 (647/748) 1.99 (1.15–3.44) 0.026/72.7 0.035 0.997 0.995
Xbal Indian xx versus XX 3 (647/748) 2.63 (1.32–5.27) 0.057/65.2 0.013 0.998 0.992
Xbal Indian x versus X 3 (647/748) 1.53 (1.12–2.08) 0.054/65.8 0.992 0.991 0.992
Xbal Mixed xx versus Xx + XX 1 (100/200) 0.42 (0.20–0.87) NA 0.033 0.998 0.996
Xbal Mixed xx versus XX 1 (100/200) 0.33 (0.15–0.76) NA 0.015 0.998 0.995
Xbal Non-postmenopausal xx + XX versus Xx 4 (1802/1949) 1.29 (1.03–1.61) 0.133/46.4 0.261 0.989 0.998
Xbal HB xx + XX versus Xx 9 (1224/1617) 1.18 (1.01–1.39) 0.205/26.9 0.58 0.988 0.999
G2014A Overall AA + GA versus GG 4 (269/1309) 0.38 (0.22–0.66) 0.236/29.3 0.003 0.996 0.952
G2014A Overall AA versus GA + GG 4 (269/1309) 0.50 (0.36–0.70) 0.99/0 0.001 0.974 0.974
G2014A Overall AA versus GG 4 (269/1309) 0.26 (0.14–0.50) 0.745/0 0 0.996 0.826
G2014A Overall A versus G 4 (269/1309) 0.55 (0.44–0.69) 0.749/0 0 0.591 0.013
G2014A East Asian AA + GA versus GG 3 (199/739) 0.25 (0.13–0.49) 0.909/0 0 0.996 0.836
G2014A East Asian AA versus GA + GG 3 (199/739) 0.50 (0.35–0.70) 0.904/0 0.001 0.974 0.664
G2014A East Asian AA versus GG 3 (199/739) 0.20 (0.10–0.41) 0.893/0 0 0.996 0.678
G2014A East Asian AA + GG versus GA 3 (199/739) 0.68 (0.48–0.96) 0.9/0 0.124 0.124 0.124
G2014A East Asian A versus G 3 (199/739) 0.50 (0.38–0.66) 0.912/0 0 0 0.005
G2014A Mixed AA + GA versus GG 1 (70/570) 0.60 (0.36–0.99) NA 0.102 0.998 0.998
G2014A Mixed A versus G 1 (70/570) 0.65 (0.43–0.99) NA 0.124 0.997 0.998
G2014A Postmenopausal AA + GA versus GG 3 (199/739) 0.25 (0.13–0.49) 0.909/0 0 0.996 0.836
G2014A Postmenopausal AA versus GA + GG 3 (199/739) 0.50 (0.35–0.70) 0.904/0 0.001 0.974 0.664
G2014A Postmenopausal AA + GG versus GA 4 (224/780) 0.76 (0.51–0.99) 0.851/0 0.173 0.996 0.998
G2014A Non-postmenopausal AA + GA versus GG 1 (70/570) 0.60 (0.36–0.99) NA 0.102 0.998 0.998
G2014A Non-postmenopausal A versus G 1 (70/570) 0.65 (0.43–0.99) NA 0.124 0.997 0.998
G2014A HP AA versus GA + GG 1 (25/41) 3.89 (1.20–12.64) NA 0.025 0.999 0.998
G2014A HP AA versus GG 1 (25/41) 4.79 (1.32–17.46) NA 0.018 0.999 0.998
G2014A HP A versus G 1 (25/41) 2.84 (1.37–5.90) NA 0.01 0.998 0.992
G2014A PB AA + GA versus GG 4 (269/1309) 0.45 (0.30–0.68) 0.234/29.8 0.002 0.989 0.84
G2014A PB AA versus GA + GG 4 (269/1309) 0.50 (0.36–0.70) 0.99/0 0.001 0.974 0.664
G2014A PB AA versus GG 4 (269/1309) 0.26 (0.14–0.50) 0.745/0 0 0.996 0.826
G2014A PB A versus G 4 (269/1309) 0.55 (0.44–0.69) 0.749/0 0 0.591 0.013
G2014A Postmenopausal AA versus GG 3 (199/739) 0.20 (0.10–0.41) 0.893/0 0 0.996 0.678
G2014A Postmenopausal AA + GG versus GA 3 (199/739) 0.68 (0.48–0.96) 0.9/0 0.124 0.124 0.124
G2014A Postmenopausal A versus G 3 (199/739) 0.50 (0.38–0.66) 0.912/0 0 0 0.005
G2014A Non-postmenopausal AA + GA versus GG 1 (70/570) 0.60 (0.36–0.99) NA 0.102 0.998 0.998
G2014A Non-postmenopausal A versus G 1 (70/570) 0.65 (0.43–0.99) NA 0.124 0.997 0.998
G2014A PB AA + GA versus GG 4 (269/1309) 0.45 (0.30–0.68) 0.234/29.8 0.002 0.989 0.84
G2014A PB AA versus GA + GG 4 (269/1309) 0.50 (0.36–0.70) 0.99/0 0.001 0.974 0.664
G2014A PB AA versus GG 4 (269/1309) 0.26 (0.14–0.50) 0.745/0 0 0.996 0.826
G2014A PB A versus G 4 (269/1309) 0.55 (0.44–0.69) 0.749/0 0 0.591 0.013
AluI Overall aa + Aa versus AA 5 (1297/2418) 1.45 (1.14–1.84) 0.14/43 0.06 0.974 0.982
AluI Overall aa versus Aa + AA 5 (1297/2418) 1.32 (1.02–1.73) 0.228/29.1 0.245 0.994 0.998
AluI East Asian aa versus AA 4 (1209/2241) 1.35 (1.02–1.79) 0.14/45.1 0.7 0.994 0.998
AluI Postmenopausal aa + Aa versus AA 5 (1297/2418) 1.45 (1.14–1.84) 0.14/43 0.06 0.974 0.982
AluI Postmenopausal aa versus Aa + AA 5 (1297/2418) 1.32 (1.02–1.73) 0.228/29.1 0.245 0.994 0.998
AluI PB a versus A 9 (2318/3161) 1.13 (1.04–1.22) 0.234/23.6 0.938 0.654 0.991
Rasl Overall rr + RR versus Rr 6 (1288/2062) 1.73 (1.14–2.63) <0.001/83.3 0.059 0.997 0.996
Rasl Overall r versus R 6 (1288/2062 1.44 (1.29–1.60) 0.38/5.3 0 0 0
Rasl Caucasian r versus R 1 (200/180) 1.79 (1.10–2.92) NA 0.055 0.997 0.996
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Figure 6. Forest map of the correlation between Rsal polymorphism and the risk of osteoporosis in overall analysis (rr vsRR; rr + RR vs Rr; r vs R).

Table 6

(Continued )

Gene Variable Model n (Cases/Controls) OR Ph/I2 (%) 

Credibility

Prior probability of 0.001

Power FPRP BFDP 

Rasl East Asian rr + Rr versus RR 4 (987/1691) 1.45 (1.29–1.63) 0.335/11.6 0.001 0.001 0
Rasl East Asian rr versus Rr + RR 4 (987/1691) 1.64 (1.39–1.90) 0.37/4.6 0 0.003 0
Rasl East Asian rr versus RR 4 (987/1691) 2.01 (1.59–2.54) 0.298/18.6 0 0.319 0
Rasl East Asian rr + RR versus Rr 4 (987/1691) 1.26 (1.07–1.48) 0.837/0 0.276 0.946 0.993
Rasl East Asian r versus R 4 (987/1691) 1.43 (1.27–1.60) 0.217/32.6 0.001 0 0
Rasl Postmenopausal rr + Rr versus RR 6 (1263/2042) 1.50 (1.24–1.81) 0.332/13 0.01 0.701 0.498
Rasl Postmenopausal rr versus Rr + RR 6 (1263/2042) 1.67 (1.41–1.97) 0.425/0 0 0.026 0
Rasl Postmenopausal rr versus RR 6 (1263/2042) 2.08 (1.65–2.62) 0.3/17.5 0 0.25 0
Rasl Postmenopausal rr + RR versus Rr 6 (1263/2042) 1.19 (1.03–1.39) 0.116/43.4 0.542 0.981 0.999
Rasl Postmenopausal r versus R 6 (1263/2042) 1.47 (1.32–1.64) 0.116/43.4 0 0 0
Rasl Non-postmenopausal rr + Rr versus RR 1 (25/20) 3.14 (1.39–7.09) NA 0.001 0.998 0.993
Rasl PB rr + Rr versus RR 3 (790/1554)) 1.56 (1.26–1.94) 0.642/0 0.009 0.874 0.701
Rasl PB rr versus Rr + RR 3 (790/1554)) 1.81 (1.50–2.18) 0.901/0 0 0.052 0
Rasl PB rr versus RR 3 (790/1554)) 2.19 (1.70–2.82) 0.819/0 0 0.492 0
Rasl PB rr + RR versus Rr 3 (790/1554)) 1.34 (1.01–1.77) 0.106/55.5 0.219 0.994 0.998
Rasl PB r versus R 3 (790/1554)) 1.48 (1.31–1.67) 0.786/0 0 0.998 0

HB = hospital-based, PB = population-based.

 [4] Manolagas SC. From estrogen-centric to aging and oxidative stress: a 
revised perspective of the pathogenesis of osteoporosis. Endocr Rev. 
2010;31:266–300.

 [5] Fuentes N, Silveyra P. Estrogen receptor signaling mechanisms. Adv 
Protein Chem Struct Biol. 2019;116:135–70.

 [6] Greendale GA, Chu J, Ferrell R, et al. The association of bone min-
eral density with estrogen receptor gene polymorphisms. Am J Med. 
2006;119(9 Suppl 1):S79–86.

 [7] De Martinis M, Sirufo MM, Nocelli C, et al. Hyperhomocysteinemia is 
associated with inflammation, bone resorption, Vitamin B12 and folate 
deficiency and MTHFR C677T polymorphism in postmenopausal 
women with decreased bone mineral density. Int J Environ Res Public 
Health. 2020;17:4260.

 [8] Yang C, Ren J, Li B, et al. Identification of gene biomarkers 
in patients with postmenopausal osteoporosis. Mol Med Rep. 
2019;19:1065–73.



18

Bai et al. • Medicine (2023) 102:41 Medicine

 [9] Arnal JF, Fontaine C, Abot A, et al. Lessons from the dissection of the 
activation functions (AF-1 and AF-2) of the estrogen receptor alpha in 
vivo. Steroids. 2013;78:576–82.

 [10] Suthon S, Lin J, Perkins RS, et al. Estrogen receptor alpha and NFATc1 
bind to a bone mineral density-associated SNP to repress WNT5B in 
osteoblasts. Am J Hum Genet. 2022;109:97–115.

 [11] You L, Chen L, Pan L, et al. New insights into the gene func-
tion of osteoporosis. Front Biosci (Landmark Ed). 2013;18: 
1088–97.

 [12] Shang DP, Lian HY, Fu DP, et al. Relationship between estrogen recep-
tor 1 gene polymorphisms and postmenopausal osteoporosis of the 
spine in Chinese women. Genet Mol Res. 2016;15.

Figure 7. Publication bias of the combined effect of Begg funnel plot assessment of Rsal polymorphism and overall population risk of osteoporosis: (A) rr + Rr 
vs RR; (B) rr vs RR; (C) rr + RR vs Rr.



19

Bai et al. • Medicine (2023) 102:41 www.md-journal.com

 [13] Durusu Tanriover M, Bora Tatar G, Uluturk TD, et al. Evaluation of 
the effects of vitamin D receptor and estrogen receptor 1 gene poly-
morphisms on bone mineral density in postmenopausal women. Clin 
Rheumatol. 2010;29:1285–93.

 [14] Erdogan MO, Yıldız H, Artan S, et al. Association of estrogen recep-
tor alpha and collagen type I alpha 1 gene polymorphisms with 
bone mineral density in postmenopausal women. Osteoporos Int. 
2011;22:1219–25.

 [15] Gómez R, Magaña JJ, Cisneros B, et al. Association of the estrogen 
receptor alpha gene polymorphisms with osteoporosis in the Mexican 
population. Clin Genet. 2007;72:574–81.

 [16] Jeedigunta Y, Bhoomi Reddy PR, Kolla VK, et al. Association of 
estrogen receptor alpha gene polymorphisms with BMD and their 
affect on estradiol levels in pre- and postmenopausal women in 
south Indians population from Andhra Pradesh. Clin Chim Acta. 
2010;411:597–600.

 [17] Lakatos LP, Bajnok E, Hegedus D, et al. Vitamin D receptor, oestrogen 
receptor-alpha gene and interleukin-1 receptor antagonist gene poly-
morphisms in Hungarian patients with primary biliary cirrhosis. Eur J 
Gastroenterol Hepatol. 2002;14:733–40.

 [18] Langdahl BL, Løkke E, Carstens M, et al. A TA repeat polymorphism in 
the estrogen receptor gene is associated with osteoporotic fractures but 
polymorphisms in the first exon and intron are not. J Bone Miner Res. 
2000;15:2222–30.

 [19] García-Rojas MD, Palma-Cordero G, Martínez-Ramírez CO, et al. 
Association of polymorphisms in estrogen receptor genes (ESR1 and 
ESR2) with osteoporosis and fracture-involvement of comorbidities 
and epistasis. DNA Cell Biol. 2022;41:437–46.

 [20] Mitra S, Desai M, Khatkhatay MI. Association of estrogen receptor 
alpha gene polymorphisms with bone mineral density in postmeno-
pausal Indians women. Mol Genet Metab. 2006;87:80–7.

 [21] Morón FJ, Mendoza N, Vázquez F, et al. Multilocus analysis of estro-
gen-related genes in Spanish postmenopausal women suggests an inter-
active role of ESR1, ESR2 and NRIP1 genes in the pathogenesis of 
osteoporosis. Bone. 2006;39:213–21.

 [22] Tural S, Kara N, Alayli G, et al. Association between osteoporosis and 
polymorphisms of the bone Gla protein, estrogen receptor 1, collagen 
1-A1 and calcitonin receptor genes in Turkish postmenopausal women. 
Gene. 2013;515:167–72.

 [23] Ongphiphadhanakul B, Chanprasertyothin S, Saetung S, et al. A specific 
haplotype in the 3ʹ end of estrogen-receptor alpha gene is associated 
with low bone mineral density in premenopausal women and increased 
risk of postmenopausal osteoporosis. Osteoporos Int. 2005;16:1233–8.

 [24] Pérez A, Ulla M, García B, et al. Genotypes and clinical aspects associ-
ated with bone mineral density in Argentine postmenopausal women. J 
Bone Miner Metab. 2008;26:358–65.

 [25] Saoji R, Desai M, Das RS, et al. Estrogen receptor α and β gene poly-
morphism in relation to bone mineral density and lipid profile in 
Northeast Indians women. Gene. 2019;710:202–9.

 [26] Shoukry A, Shalaby SM, Etewa RL, et al. Association of estrogen 
receptor β and estrogen-related receptor α gene polymorphisms with 
bone mineral density in postmenopausal women. Mol Cell Biochem. 
2015;405:23–31.

 [27] Sonoda T, Takada J, Iba K, et al. Interaction between ESRα poly-
morphisms and environmental factors in osteoporosis. J Orthop Res. 
2012;30:1529–34.

 [28] Wang H, Gong C, Liu X, et al. A Study on the Correlation Between ER 
Gene Polymorphism, Bone Density, and Traditional Chinese Medicine 
Syndrome Types of OP in Postmenopausal Women in Guangzhou. 
Guangdong: Guangzhou University of Traditional Chinese Medicine, 
2009.

 [29] Wang ZR. Age differences in the distribution of estrogen receptor gene 
polymorphisms in elderly women with hip osteoporosis. China Tissue 
Eng Res. 2015:991–5.

 [30] Hong XM. Genetic Study on Osteoporosis in the Chinese Population. 
Anhui: University of Science and Technology of China, 2006.

 [31] Xiang D, He J, Jiang T. The correlation between estrogen receptor gene 
polymorphism and osteoporosis in Han Chinese women. Eur Rev Med 
Pharmacol Sci. 2018;22:8084–90.

 [32] Gu JM, He JW, Xiao WJ, et al. The relationship between vitamin D 
receptor gene and estrogen receptor gene polymorphism and low 
bone mass in elderly people. Chin J Osteopor Bone Min Salt Dis. 
2010;3:171–7.

 [33] Wajanavisit W, Suppachokmongkorn S, Woratanarat P, et al. The 
association of bone mineral density and G2014A polymorphism in 
the estrogen receptor alpha gene in osteoporotic hip fracture in Thai 
Population. J Med Assoc Thai. 2015;98(Suppl 8):S82–7.

 [34] Fu SJ. The relationship between ER gene polymorphism and postmeno-
pausal osteoporosis in southern Chinese women. Chinese master’s dis-
sertation of Jinan University; 2003.

 [35] Wang W, Cao J, Li Y. Association between estrogen receptor alpha gene 
(ERa) polymorphism and osteoporosis in postmenopausal women. J 
Henan Med College 2017;29:11–5.

 [36] Zhou Z. Relationship between estrogen receptor a gene polymorphism 
and primary osteoporosis. Chinese master’s dissertation of Qingdao 
University; 2007.

 [37] Huang HL, Tan H, Chen B, et al. Correlation of polymorphism of 
estrogen receptor-band camellia oil with post-menopausal osteoporosis 
in Zhuang women of Guangxi. Chin J Anatomy. 38:323–325343.

 [38] Huang W, Fu S, Wang X, et al. The relationship between ER gene 
polymorphisms and postmenopause osteoporosis of spine in southern 
Chinese women. J Clin Orthop. 562–5.

 [39] Qin Y, Zhang Z, Huang Q, et al. Association of Era gene PvuII and 
XbaI polymorphisms and related factors with osteoporosis in post-
menopausal women. Chin J Gerontol. 19–22.

 [40] Ongphiphadhanakul B, Chanprasertyothin S, Payattikul P, et al. The 
implication of assessing a polymorphism in estrogen receptor alpha 
gene in the risk assessment of osteoporosis using a screening tool for 
osteoporosis in Asians. Osteoporos Int. 2003;14:863–7.

 [41] Massart F, Marini F, Bianchi G, et al. Age-specific effects of estro-
gen receptors’ polymorphisms on the bone traits in healthy fer-
tile women: the BONTURNO study. Reprod Biol Endocrinol. 
2009;7:32.

 [42] Zhao R, Li B, Huang H, et al. Association of exercise and estrogen 
receptor-b gene polymorphism with osteoporosis in elderly women. 
Chin J Gerontol 2017;37:4609–11.

 [43] Zhang WC. A study on the correlation between ER gene polymorphism, 
bone density, and traditional Chinese medicine syndrome types of OP 
in postmenopausal women in Guangzhou. Guangdong: Guangzhou 
University of Traditional Chinese Medicine, 2009.

 [44] Ivanova JT, Doukova PB, Boyanov MA, et al. PvuII and XbaI 
polymorphisms of the estrogen receptor gene and bone mineral 
density in a Bulgarian population sample. Hormones (Athens). 
2007;6:36–43.

 [45] Lin X. 2003 Study on the relationship between VDR and ER gene 
polymorphism and osteoporosis in postmenopausal healthy women. 
Chinese doctor’s dissertation of Zhejiang University; 2003.

 [46] Ongphiphadhanakul B, Chanprasertyothin S, Payattikul P, et al. 
Association of a G2014A transition in exon 8 of the estrogen recep-
tor-alpha gene with postmenopausal osteoporosis. Osteoporos Int. 
2001;12:1015–9.

 [47] Qin L, Liu Y, Wang Y, et al. Computational characterization of osteopo-
rosis associated SNPs and genes identified by genome-wide association 
studies. PLoS One. 2016;11:e0150070; Nam HS, Shin MH, Kweon SS, 
et al. Association of estrogen receptor-alpha gene polymorphisms with 
bone mineral density in postmenopausal Korean women. J Bone Miner 
Metab. 2005;23:84–9.

 [48] Geng Li. Research on Female Osteoporosis and Related Genes. 
Chongqing: Chongqing Medical University, 2008

 [49] Li H, Yang J, Chen JH, et al. Camellia seed oil and different estro-
gen receptors-β. The effect of genotype interaction on postmenopausal 
osteoporosis in Guangxi Baise Zhuang women. Chin J Gerontol. 
2018;38:2664–6.

 [50] Ren H, Liu H, Huang L, et al. Association of ESR1 and ESR2 poly-
morphisms with osteoporosis: a meta-analysis from 36 studies. J Clin 
Densitom. 2022;25:699–711.

 [51] Zhu H, Jiang J, Wang Q, et al. Associations between ERα/β gene poly-
morphisms and osteoporosis susceptibility and bone mineral density in 
postmenopausal women: a systematic review and meta-analysis. BMC 
Endocr Disord. 2018;18:11.

 [52] Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for sys-
tematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 
2009;6:e1000097.

 [53] Han X, Zheng L, Mu YY, et al. Association between OPG polymor-
phisms and osteoporosis risk: an updated meta-analysis. Front Genet. 
2022;13:1032110.

 [54] Wang D, Liu L, Zhang C, et al. Evaluation of association studies and 
meta-analyses of eNOS polymorphisms in Type 2 diabetes mellitus risk. 
Front Genet. 2022;13:887415.

 [55] Mu YY, Liu B, Chen B, et al. Evaluation of association studies and an 
updated meta-analysis of VDR polymorphisms in osteoporotic fracture 
risk. Front Genet. 2022;12:791368.

 [56] Thakkinstian A, McKay GJ, McEvoy M, et al. Systematic review and 
meta-analysis of the association between complement component 3 



20

Bai et al. • Medicine (2023) 102:41 Medicine

and age-related macular degeneration: a HuGE review and meta-anal-
ysis. Am J Epidemiol. 2011;173:1365–79.

 [57] Mantel N, Haenszel W. Statistical aspects of the analysis of 
data from retrospective studies of disease. J Natl Cancer Inst. 
1959;22:719–48.

 [58] DerSimonian R, Laird N. Meta-analysis in clinical trials revisited. 
Contemp Clin Trials. 2015;45:139–45.

 [59] Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis 
detected by a simple, graphical test. BMJ. 1997;315:629–34.

 [60] Begg CB, Mazumdar M. Operating characteristics of a rank correlation 
test for publication bias. Biometrics. 1994;50:1088–101.

 [61] Dual S, Tweedie R. A nonparametric “Trim and Fill” method of 
accounting for publication bias in meta-analysis. Am Stat Assoc. 
2000;95:89–98.

 [62] Wacholder S, Chanock S, Garcia-Closas M, et al. Assessing the proba-
bility that a positive report is false: an approach for molecular epidemi-
ology studies. J Natl Cancer Inst. 2004;96:434–42.

 [63] Wakefield J. A Bayesian measure of the probability of false discovery 
in genetic epidemiology studies. Am J Hum Genet. 2007;81:208–27.

 [64] Ioannidis JP, Boffetta P, Little J, et al. Assessment of cumulative evi-
dence on genetic associations: interim guidelines. Int J Epidemiol. 
2008;37:120–32.

 [65] Qin L, Liu Y, Wang Y, et al. Computational characterization of osteopo-
rosis associated SNPs and genes identified by genome-wide association 
studies. PLoS One. 2016;11:e0150070.

 [66] Lohmueller KE, Pearce CL, Pike M, et al. Meta-analysis of genetic asso-
ciation studies supports a contribution of common variants to suscep-
tibility to common disease. Nat Genet. 2003;33:177–82.


