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Background: Numerous studies have demonstrated an association between osteoprotegerin (OPG) polymorphisms (A163G (rs3102735), T245G (rs3134069), T950C (rs2073617), G1181C (rs2073618)) and osteoporosis risk. However, their conclusions are inconsistent. In addition, some new studies have been updated, and more importantly, previous meta-analyses have not tested for false-positive results. In order to further explore these associations, we recently conducted a meta-analysis.
Objectives: To study the relationship between OPG polymorphisms A163G, T245G, T950C, G1181C and the risk of osteoporosis.
Methods: PubMed, Medline, International Statistical Institute (ISI), China National Knowledge Infrastructure (CNKI) and China Wanfang Database were used for research searches. Associations were assessed with five genetic models using odds ratios (ORs) with 95% confidence intervals (CIs). In addition, confidence in statistically significant associations was assessed using false-positive report probability (FPRP), Bayesian probability of False discovery (BFDP), and Venice criteria.
Results: On the whole, the OPG A163G polymorphism was not significantly associated with risk of osteoporosis. However, in a subgroup analysis, we found that the OPG A163G polymorphism increased the risk of osteoporosis in Caucasians (AG + GG vs AA: OR = 1.35, 95% CI = 1.06–1.73; AA + GG vs AG: OR = 0.64, 95% CI = 0.49–0.82) and the female (G vs A: OR = 1.30, 95% CI = 1.03–1.64; AG + GG vs AA: OR = 1.42, 95% CI = 1.18–1.71). At the same time, the OPG G1181C polymorphism reduces the risk of osteoporosis (C vs G: OR = 0.84, 95% CI = 0.74–0.95; CC vs GG: OR = 0.75, 95% CI = 0.60–0.93; GC + CC vs GG: OR = 0.80, 95% CI = 0.67–0.95; CC vs GG + GC: OR = 0.84, 95% CI = 0.70–1.00). Moreover, a significantly decreased risk of osteoporosis was also discovered in Asian (C vs G: OR = 0.80, 95% CI = 0.66–0.98; CC vs GG: OR = 0.67, 95% CI = 0.47–0.95; GC + CC vs GG: OR = 0.74, 95% CI = 0.58–0.95) and the female (C vs G: OR = 0.85, 95% CI = 0.75–0.97; CC vs GG: OR = 0.77, 95% CI = 0.61–0.96; GC + CC vs GG: OR = 0.79, 95% CI = 0.66–0.95). Finally, we did not find a close association between OPG T245G and T950C polymorphisms and osteoporosis risk. However, when we retained only studies in the control group that was consistent with Hardy-Weinberg equilibrium (HWE) and high-quality scores, we observed that the OPG A163G polymorphism increased the risk of osteoporosis in the overall analysis (G vs A: OR = 1.40, 95% CI = 1.16–1.68; GG vs AA: OR = 1.96, 95% CI = 1.20–3.21; AG + GG vs AA: OR = 1.45, 95% CI = 1.22–1.72). Finally, after the credibility assessment, we concluded that all statistically significant association results in the meta-analysis in this study and those in the previous study were ‘positive results with low confidence’.
Conclusion: In conclusion, our study concluded that all meaningful results between OPG A163G and G1181C polymorphisms and osteoporosis risk were false-positive results rather than true associations.
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INTRODUCTION
Osteoporosis is a systemic bone disease characterized by deterioration of femoral microstructure and low bone mass, which increases fracture susceptibility and bone fragility (Rachner et al., 2011). The World Health Organization has a specific definition of osteoporosis: bone mineral density is measured by dual energy X-ray (DEXA), and the obtained bone mineral density value is called T-score. The T-score is more than 2.5 standard deviations below the average of the normal population (young healthy people with peak bone mass), and osteoporosis can be diagnosed. (Genant et al., 1999). Osteoporosis affects about 200 million people worldwide, which affects about 12% of men and 30% of women. Once osteoporosis is present, there may be significant pain and deformities, which also increase morbidity and mortality (Lin and Lane, 2004; Uzzan et al., 2007; Pisani et al., 2016). In addition, osteoporosis increases the risk of various diseases, such as fractures and pneumonia (Rapp et al., 2015), and around nine million people worldwide suffer fractures every year because of osteoporosis (Compston et al., 2019). In China, about 2.3 million people suffered fractures due to osteoporosis in 2010, and at this rate, the number of fractures caused by osteoporosis will exceed six million by 2050 (Si et al., 2015), which will undoubtedly increase the burden on families and the healthcare environment as a whole. From the above, we can understand that osteoporosis has become an inescapable health problem. Therefore, we must explore which risk factors contribute to osteoporosis.
The risk of osteoporosis includes environmental factors and genetic factors. The main environmental factors are changes in living habits, including smoking, drinking and improper exercise (Ng et al., 2006; Kaufman et al., 2008; Binici and Gunes, 2010). With the development of medical treatment, many studies have shown that genetic factors play an important role in the pathogenesis. (Ralston, 2001; Recker and Deng, 2002). The heritability of osteoporosis-related traits is estimated to be as high as 60–80% (Uitterlinden et al., 2004). So far, many risk genes have been found for osteoporosis. Among these risk genes, ITGA1, ESR1, SPP1, LRP4, and LRP5 have been confirmed to be related to bone matrix composition, bone mineral density (BMD) homeostasis and bone remodeling, thereby affecting BMD (Prestwood et al., 1995), which can lead to osteoporosis. In addition, there are many candidate genes (VDR, TGFB1, COL1A1, and OPG), but the association of these polymorphisms with osteoporosis risk has not been thoroughly demonstrated (Prestwood et al., 1995; Jørgensen et al., 2012; Saccone et al., 2015; Tsukasaki et al., 2020).
Osteoprotegerin (OPG), also called osteoclast genesis inhibitory factor, is a secreted glycoprotein discovered by Simonet et al., in 1997. It is a single copy gene cluster located on human chromosome 8q24.2. So far, many researches have shown that OPG gene has relationship to the pathogenesis of osteoporosis (Chung et al., 2003; Yu et al., 2013; Sun et al., 2014). The main mechanism is to inhibit osteoclast differentiation and maturation through the signal transduction system OPG/RANKL/RANK. The gene OPG can competitively bind RANK on the cell membrane surface of osteoclasts. Moreover, its binding ability is stronger than RANKL (Simonet et al., 1997), which can effectively interfere with the combination of RANKL and RANK. Common OPG polymorphisms associated with osteoporosis risk include A163G (rs3102735), T950C (rs2073617), and T245G (rs3134069), which are located at the promoter of the gene, while G1181C (rs2073618) is located at the first exon of the gene. Although researchers have published meta-analyses of OPG and osteoporosis risk. (Guo et al., 2014; Luo et al., 2014; Li et al., 2017; Li et al., 2021), but the results of studies on these gene polymorphisms are not completely consistent or even conflicting. The reasons for these different results are as follows: first of all, the number of samples is small and the included research literature is less; second, some studies have not carried out literature quality evaluation, which may lead to bias in the final results if low-quality literature is not excluded; at the same time, heterogeneity of selected literature, study design of variables, and whether or not to perform HWE tests also affect the results of meta-analysis. Finally, previously published meta-analyses have never evaluated positive results to determine multiple comparisons. In order to prove the relationship between the two, we need to provide more accurate and reliable theoretical evidence, so this is where we did an updated meta-analysis.
MATERIALS AND METHODS
This study was conducted according to the statement on preferred reporting items for systematic reviews and meta-analyses (Supplementary Table S5 PRISMA Checklist) (Moher et al., 2009).
Search strategy
The literature was searched using PubMed, Medline, International Statistical Institute (ISI), China National Knowledge Infrastructure (CNKI) and China Wanfang Database. The retrieval strategy was as follows (‘mutation’ OR ‘polymorphism’ OR ‘variation’ OR ‘variant’ OR ‘SNP’ OR ‘genetic association study’ OR ‘genome-wide association study’ OR ‘genotype’ OR ‘allele ‘) AND (osteoporosis OR osteoporoses) AND (OPG OR osteoprotegerin). The literature search was conducted until 20 March 2022. In addition, we carefully reviewed each reference list for meta-analyses in the literature to identify all eligible studies.
Selection criteria
The inclusion criteria were as follows: 1) to describe the relationship between OPG A163G, T245G, T950C and G1181C polymorphisms and the risk of osteoporosis (including the ethnic or demographic composition of the study subjects, the sex of the study subjects, and the genotyping technique used, Supplementary Table S2); 2) case-control study or cohort study, and all patients met the diagnostic criteria for osteoporosis; 3) detailed genotype data or odds ratio (OR) with 95% confidence interval (CI) could be extracted from the literature. Exclusion criteria were as follows: 1) not a case-control or cohort study; 2) failure to provide genotype data or duplicate genotype data; 3) meta-analyses, reviews, letters, case reports, and only including abstracts.
Data extraction and quality score assessment
We designed the data extraction form in advance. All literatures were screened according to the inclusion criteria and exclusion criteria, and then the literature data were extracted for statistical analysis. When the two authors obtained different results and still could not reach a consensus after discussion, the third author extracted the data again, and finally the three authors jointly checked and confirmed. If the data in the article is unclear or disputed, we will contact the original author to obtain the original data. The extracted information included: year of publication, first author of the article, country of study, ethnicity of study subjects, sex of study subjects, female menopause, polymorphism genotyping technique, type of control group, sample size and mean age for case and control groups, and quality score of all articles (Supplementary Table S2).
The quality assessment for all included articles was assessed separately by two authors. We referenced and improved the specific criteria for quality scores from previous studies (Guo et al., 2014; Luo et al., 2014; Li et al., 2017; Li et al., 2021). The full score of our reformulated quality assessment scale is 20 points, with more than 12 points as excellent (including) and less than 12 points as poor. The specific criteria of the quality evaluation scale are shown in Supplementary Table S3, and the score of each included paper is shown in Supplementary Table S4.
Statistical analysis
The correlation between OPG gene polymorphisms (A163G, T245G, T950C, and G1181C) and osteoporosis was expressed by ORs and corresponding 95% confidence intervals. The following five genetic models were selected for evaluation: 1) allele model (variant allele vs wildtype allele); 2) dominant mode (homozygous variant + heterozygous variant vs homozygous wildtype); 3) recessive model (homozygous variant vs heterozygous variant + homozygous wild type); 4) over-dominant model (homozygous wild type + homozygous variant vs heterozygous variant); 5) additive model (homozygous variant vs homozygous wild type). Chi-square q test and I2 value were used to evaluate the heterogeneity of the results. When p was less than 0.10 and/or I2 was greater than 50% (Li et al., 2005), the random effects model (MANTEL and HAENSZEL, 1959) is selected. If not, the fixed effects model is adopted (DerSimonian and Laird, 2015), and the goodness-of-fit test is further carried out to test the applicability of the model (Chen et al., 2015). At the same time, meta-regression was used to try to find the source of heterogeneity. Subgroup analyses were then performed according to ethnicity, sex, female menopause and control type. Two methods were used in the sensitivity analysis: 1) each study was excluded separately; 2) Only studies that met both high quality scores and HWE were retained. Prior to this, the control group was tested for HWE compliance using chi-square goodness of fit. p > 0.05 was defined as HWE, p < 0.05 is defined as HWD. Begg’s funnel plot (Begg and Mazumdar, 1994) and Egger’s test (Egger et al., 1997) were used to evaluate the existence of publication bias. If publication bias exists, the number of missing studies is estimated and supplemented using a non-parametric “trim and fill” approach (Dual and Tweedie, 2000). False-positive report probability (FPRP) (Wacholder et al., 2004), Bayesian False Discovery probability (BFDP) (Wakefield, 2007), and Venice criterion (Ioannidis et al., 2008) were used to assess the confidence of statistically significant associations. Stata 15.0 software was used to calculate all statistical analyses.
RESULTS
Study characteristics
At the beginning of the period, 369 articles were searched from ISI, PubMed, Medline, CNKI and the China Wan-fang databases. There are 152 records left after duplicates are removed. After careful screening for titles and abstracts, we excluded 87 papers. In addition, 17 items were excluded because of data duplication or the inability to extract detailed data, and 18 items were excluded because of inadequate controls. Finally, 30 articles and 31 studies were included in our study (Supplementary Table S1). A total of 31 studies (Figure 1) were included in our study (including 8,402 osteoporosis cases and 7,517 controls), of which 14 studies reported OPG A163G (2,379 cases and 2,229 controls), nine studies investigated OPG T245G (941 cases and 1,019 controls), 12 studies investigated OPG T950C (1,610 cases and 1,234 controls), and 18 studies reported OPG G1181C (3,472 cases and 3,035 controls), as shown in Supplementary Table 1. In addition, OPG A163G had three low-quality studies and 11 high-quality articles, OPG T245G had two low-quality articles and seven high-quality articles, OPG T950C had five low-quality articles and seven high-quality articles, and OPG G1181C had two low-quality articles and 16 high-quality articles. The complete characteristics and genotype frequencies of the final included literatures are shown in Supplementary Table 1.
[image: Figure 1]FIGURE 1 | Flow diagram of the literature search.
Quantitative synthesis
In the overall analysis, no meaningful association was found between the OPG A163G polymorphism and the risk of osteoporosis. However, in the following ethnic subgroup analysis, we found that the OPG A163G polymorphism increased the risk of osteoporosis in Caucasians (AG + GG vs AA: OR = 1.35, 95% CI = 1.06–1.73; AA + GG vs AG: OR = 0.64, 95% CI = 0.49–0.82, Table 1 and Figure 2). Unfortunately, in spite of a significant association in the African population, the sample size was only one study, which may limit the statistical power of this finding and thus we do not consider it sufficient to state a significant association between the two populations in the African population. In the sex subgroup, the OPG A163G polymorphism can significantly increase the risk of osteoporosis in females (G vs A: OR = 1.30, 95% CI = 1.03–1.64; AG + GG vs AA: OR = 1.42, 95% CI = 1.18–1.71, Table 1 and Figure 2). Similarly, in the female menopause subgroup, the OPG A163G polymorphism also increases the risk of osteoporosis in both non-postmenopausal women (G vs A: OR = 1.68, 95% CI = 1.36–2.07; GG vs AA: OR = 2.74, 95% CI = 1.64–4.58; AG + GG vs AA: OR = 1.37, 95% CI = 1.04–1.79; GG vs AA + AG: OR = 2.31, 95% CI = 1.55–3.43, Table 1 and Figure 2) and postmenopausal women (AG + GG vs AA: OR = 1.40, 95% CI = 1.06–1.85; GG vs AA + AG: OR = 0.67, 95% CI = 0.54–0.82, Table 1 and Figure 2).
TABLE 1 | Meta-analysis of the association of OPG A163G polymorphism with risk of osteoporosis.
[image: Table 1][image: Figure 2]FIGURE 2 | The forest plots of all selected studies on the adjusted association between the OPG A163G polymorphism and risk of osteoporosis in overall and subgroup analyses by ethnicity and sex (A: AG + GG vs AA; (B) AA + GG vs AG; (C) G vs A; (D) AG + GG vs AA).
Overall, the OPG G1181C polymorphism reduces the risk of osteoporosis (C vs G: OR = 0.84, 95% CI = 0.74–0.95; CC vs GG: OR = 0.75, 95% CI = 0.60–0.93; ​GC + CC vs GG: OR = 0.80, 95% CI = 0.67–0.95; CC vs GG + GC: OR = 0.84, 95% CI = 0.70–1.00, Table 4 and Figure 3). In subgroup analyses, the risk of osteoporosis was also significantly lower in Asian (C vs G: OR = 0.80, 95% CI = 0.66–0.98; CC vs GG: OR = 0.67, 95% CI = 0.47–0.95; ​GC + CC vs GG: OR = 0.74, 95% CI = 0.58–0.95, Table 4 and Figure 3) and female (C vs G: OR = 0.85, 95% CI = 0.75–0.97; CC vs GG: OR = 0.77, 95% CI = 0.61–0.96; ​GC + CC vs GG: OR = 0.79, 95% CI = 0.66–0.95, Table 4 and Figure 3). On this basis, we further found that OPG G1181C polymorphism could reduce the risk of osteoporosis in premenopausal female (C vs G: OR = 0.86, 95% CI = 0.73–1.00; CC vs GG + GC: OR = 0.71, 95% CI = 0.52–0.95, Table 4 and Figure 3).
[image: Figure 3]FIGURE 3 | The forest plots of all selected studies on the adjusted association between the OPG G1181C polymorphism and risk of osteoporosis in overall and subgroup analyses by ethnicity and sex (A: C vs G; (B) CC vs GG; (C) GC + CC vs GG; (D) C vs G; (E) CC vs GG; (F) GC + CC vs GG; (G) CC vs GG + GC).
Finally, we found that the OPG T245 and T950C polymorphisms did not increase or decrease the prevalence of osteoporosis in both global and subgroup analyses, that is, there was no association between them (Tables 2 and 3).
TABLE 2 | Meta-analysis of the association of OPG T245G polymorphism with risk of osteoporosis.
[image: Table 2]TABLE 3 | Meta-analysis of the association of OPG T950C polymorphism with risk of osteoporosis.
[image: Table 3]Heterogeneity and sensitivity analyses
​During the statistical process, we found several possible sources of heterogeneity, including ethnicity, sex, sample size, female menopause, control type, quality score and HWE. Therefore, we used meta-regression analysis to determine the causes of heterogeneity. A meta-regression analysis revealed that the sample size (G vs A: p = 0.023) and HWE (G vs A: p = 0.010) were the source of heterogeneity between the OPG A163G polymorphism and the risk of osteoporosis. The type of controls (TG + GG vs. TT: p = 0.006) was the sources of heterogeneity between the OPG T245G polymorphism and the risk of osteoporosis. At the same time, the female menopause (C vs T: p = 0.016; CC vs. TT: p = 0.041; TC + CC vs. TT: p = 0.020; CC vs. TT + TC: p = 0.038), sample size (TC + CC vs. TT: p = 0.037) and sex (TT + CC vs. TC: p = 0.045) were the sources of heterogeneity between the OPG T950C polymorphism and the risk of osteoporosis. For the OPG G1181C, no covariate was found as a possible cause of between-study variation.
In this meta-analysis, two methods were used for sensitivity analysis. In the first, each study was removed one by one, and the results did not change when a single study was removed each time. Second, literature that met both high quality scores and HWE was screened. When only control studies that met HWE and high-quality scores were retained, we found that in the overall analysis, the OPG A163G polymorphism significantly increases the risk of osteoporosis (G vs A: OR = 1.40, 95% CI = 1.16–1.68; GG vs AA: OR = 1.96, 95% CI = 1.20–3.21; AG + GG vs AA: OR = 1.45, 95% CI = 1.22–1.72, Table 1), and the same was observed in the female population (G vs A: OR = 1.39, 95% CI = 1.14–1.70; GG vs AA: OR = 1.96, 95% CI = 1.15–3.35; AG + GG vs AA: OR = 1.42, 95% CI = 1.17–1.72, Table 1). However, we did not find significant changes in OPG T245G, T950C and G1181C.
Publication bias
The results of Begg’s funnel plot and Egger’s test showed that only OPG G1181C polymorphism and risk of osteoporosis had publication bias (C vs G: p = 0.015; GC + CC vs. GG: p = 0.045, Table 4). Then, publication bias was adjusted using the nonparametric “trim and fill”method. However, when we applied a nonparametric “trim and fill” method (Figure 4), the analysis showed that no more study should be added, showing that the results were stable.
TABLE 4 | Meta-analysis of the association of OPG G1181C polymorphism with risk of osteoporosis.
[image: Table 4][image: Figure 4]FIGURE 4 | Begg’s funnel plot to assess publication bias (A): C vs G; (B) GC + CC vs. GG.
Credibility of previous meta-analyses
Since the previously published meta-analyses were not evaluated for credibility, we evaluated the results for accuracy, applying the FPRP, BFDP, and Venice criteria. Through calculation and statistics, we obtained results that Guo et al., 2014, Luo et al., 2014, Li et al., 2017 and Li et al., 2021 were classified as less credible. Table 5 specifically shows the previously published credibility results (FPRP >0.2 and BFDP >0.8, I2 > 50%, statistical power <80%).
TABLE 5 | Credibility of previously published meta-analysis.
[image: Table 5]Credibility of the current meta-analysis
Our study also used BFDP, FPRP and Venice criteria to evaluate the statistically significant credibility. Associations that met the following criteria were considered to have high confidence: 1) at least two genetic models were statistically significant; 2) statistical power >80%; 3) I2 < 50%; 4) FPRP <0.2 and BFDP <0.8. If all four criteria are not met, then all meaningful results are considered “less credible”. Table 6 specifically shows the results of the credibility assessment for all meaningful results. In the final calculation, we can find that all statistically significant results are “less likely".
TABLE 6 | Credibility of the current meta-analysis.
[image: Table 6]DISCUSSION
Osteoporosis is a systemic skeletal disease associated with the action of multiple genes. Evidence from many studies indicates that OPG polymorphism has been considered one of the potential genetic factors for osteoporosis. The OPG/RANKL/RANK is the main signal transduction pathway in osteoporosis, which can regulate the differentiation, induction, activation and maintenance of osteoclasts (Zhao et al., 2020; Udagawa et al., 2021). Osteoclasts are formed by the combination of RANKL and RANK on the surface of osteoclasts to form a complex (Nakashima et al., 2011; McCabe et al., 2015). OPG prevents osteoclast formation by blocking RANKL binding site and preventing RANKL from forming complex with RANK receptor, thus inhibiting bone resorption and thereby avoiding the occurrence of osteoporosis (Kurinami et al., 2016; Maria et al., 2018). Previous studies have focused on four OPG polymorphisms: G1181C, located in the first exon, and A163G, T245G, and T950C, located in the promoter. (Langdahl et al., 2002). Many investigators have attempted to demonstrate specific potential relationships between OPG polymorphisms and osteoporosis. However, so far there has not been enough meaningful evidence to confirm a relationship, which may be due to various factors, for instance, the small sample size, ethnic and geographical differences and so on. Our meta-analysis is a valid way to avoid some shortcomings.
Overall, we did not find a significant association between OPG T245G and T950C polymorphisms and osteoporosis. While the OPG A163G and G1181 C polymorphisms were associated with the risk of osteoporosis in several subgroups. Moreover, when we retained only high-quality score literature and HWE, we found that only the OPG A163G polymorphism was associated with increased the risk of osteoporosis in overall and several subgroup analyses. However, the pooled p-value must be adjusted on the meta-analyses of the gene polymorphism with risk of disease because they applied several subgroups and genetic models at the expense of multiple comparisons (Attia et al., 2003). Therefore, we investigated the false positive results based on the FPRP, BFDP, and Venice criterion. FPRP is a method that uses multiple hypothesis testing to assess the likelihood of important outcomes in molecular epidemiological investigations. In 2007, Wakefield introduced a test called Bayesian error, which is more accurate in genetic epidemiological surveys. Many reasons can lead to the bias of the results, among which statistical power is an important factor, of which statistical power is an important factor. Many studies have demonstrated that when statistical power> 80%, higher statistical significance or lower false discovery rates can be achieved. However, when we used the above methods to assess the credibility of the current study, all statistically significant demerits were considered “not credible” (FPRP >0.2 and BFDP >0.8, I2 > 50%, statistical power <80%), in other words, all statistically significant results were considered false-positive results.
Significant publication bias was only observed between the OPG G1181C polymorphism and risk of osteoporosis. As far as we know, some low quality and small sample sizes studies are common bias and errors. These studies are not always strict and the quality is poor, so the statistically significant small sample study is more likely to be accepted, it will be very easy to produce false positive results, making the conclusions of these original studies implausible. In the test of publication bias, the asymmetry of the funnel plot is caused by the study of low quality and small samples.
All four previous meta-analyses researched the correlation between OPG A163G, T245G, T950C and G1181C polymorphisms and osteoporosis. There is an obvious mismatch between all previous meta-analyses and this meta-analysis in the subgroup analysis classification. Moreover, after careful reading of the full text, we found that the previous meta-analysis had relevant information and data extraction errors in the process of data extraction, and we corrected them in the extraction process. In addition, the sample size of our study is large. A total of 31 studies were applied in this study (involving 8,402 osteoporosis cases and 7,517 controls), of which 14 studies showed the OPG A163G (2,379 cases and 2,229 controls), nine studies investigated the OPG T245G (941 cases and 1,019 controls), 12 studies investigated the OPG T950C (1,610 cases and 1,234 controls), and 18 studies reported the OPG G1181C (3,472 cases and 3,035 controls). In this study, five genetic models were compared separately. Li et al., 2017, however, applied four genetic models; Li et al., 2021, used only three genetic models. At the same time, Li et al., 2017, the ethnicity studied was limited to Chinese. It is important to note that previous meta-analyses did not perform credibility analyses on the results, and all statistically significant relationships were considered “less credible” when we assessed the credibility of previous meta-analyses using the same criteria. Therefore, their research results and conclusions may not be reliable, and they may also be false positive results.
Compared with previous meta-analyses, our study has the following advantages: 1) FPRP, BFDP test and Venice criterion were used for credibility assessment; 2) to evaluate the quality of qualified research; 3) compared with previous meta-analyses, the studies included in this study are more comprehensive, and the data collected are more detailed and accurate; 4) the subgroup analysis was more comprehensive, and it is important to note that not only did we subgroup sex, but we also grouped women separately based on whether they were postmenopausal or not; However, our study still has some potential limitations. First, the current meta-analysis included only published studies, and it is well known that positive results are studied more than negative results. Second, osteoporosis is a complicated polygenic disease, and individual SNPS are slightly associated with osteoporosis risk. However, we have not retrieved data on gene-gene and gene-environment combined effects. Third, although we objectively collected data from the included literature, the control: control rate was less than 1, which may also affect the accuracy of the association. At the same time, there have been relatively few studies of Africans in ethnic analyses and insufficient statistical power to excavate true associations. Therefore, future studies with large samples and sufficiently large subgroups will help validate our findings. Finally, the risk of osteoporosis includes not only genetic factors, but also environmental and lifestyle factors. Our study did not control for various osteoporosis variables, such as smoking, alcohol consumption, breastfeeding, physical activity, estrogen replacement therapy, corticosteroids, calcium supplements et al. In the future, we need to control for various other variables that contribute to osteoporosis, and investigate the association between osteoporosis and genetic, environmental, and lifestyle factors to help validate our findings.
In conclusion, this study indicates that all meaningful results between OPG A163G and G1181C polymorphisms and osteoporosis risk were false-positive results rather than true associations. At present, there is still no absolute strong evidence for the real association between OPG polymorphism and osteoporosis risk, and further large-scale epidemiological studies are needed to confirm or deny our findings.
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(0.80-1.65) 0.0 (0.16-3.35) (077-2.10) 0.0 (0.52-2.06) 00
Mexican- 1(44/22) 154 NA 156 NA 128 NA 155 NA 100 (017-593)  NA
Mestizo (0.30-7.94) (0.06-39.95) (023-7.20) (0.06-39.65)
Sex
Male 1(51/72) 093 NA NA NA 146 NA NA NA 069 (0.19-251) NA
(0.51-1.70) (0.40-532)
Female 7 (869/926) 119 0114/ 066 0195/ 108 0114/ 078 0113/ 073 (0.54-0.98) 0583/
(082-173) 463 (0.18-2.43) 362 (072-162) 415 (023-2.69) 497 00
Mix 1(2121) 028 NA NA NA NA NA 027 NA 027 (003-281) NA
(0.03-2.86) (0.03-2.81)
Female
menopause
NP 3(11399) 213 0676/ 3.02 0582/ 108 0011/ 291 0.600/ 055 (029-1.04) 0481/
(116-389) 0.0 033-2777) 00 (035-332) 777 (032-2676) 0.0 00
P 4(558/527) 100 0322/ 037 0202/ 112 0736/ 049 0034/ 079 (0.56-1.11)  0.504/
(074-135) 119 (0.09-1.44) 386 (079-159) 00 (009-278) 776 00
Type of control
Healthy 6 (826/779) 116 0117/ 061 0119/ 132 0425/ 061 0083/ 071 (0.53-0.95) 0.638/
(080-167) 433 (0.13-3.00) 531 097-179) 0.0 (018-207) 550 00
Non-healthy 3 (115/240) 154 NA 156 NA 059 0545/ 155 NA 100 (0.17-5.93)  NA
(0.30-7.94) (0.06-39.95) (032-109) 328 (0.06-39.65)
Sensitivity
analysis
HWE and
Quality
score >12
Overall 5 (606/535) 136 0427/ 115 0500/ 152 0685/ 114 0.595/ 074 (053-1.04) 0593/
(100-183) 0.0 (033403 00 (104-221) 0.0 (059-2.18) 00 00
Ethnicity
Caucasian 2(267/289) 204 0539/ 540 NA 199 0597/ 507 NA 054 (030-0.98)  0.679/
(115-364) 00 (0.26-113.16) (109-361) 00 (0.24-106.22) 00
Asian 2 (295/224) 115 0400/ 073 NA 128 0400/ 104 NA 0.86 (0.56-1.30) 0323/
(080-165) 00 (0.16-3.35) (077-210) 00 (0.52-2.06) 00
Mexican- 1(44/22) 154 NA 156 NA 128 NA 155 NA 100 (017-593)  NA
Mestizo (0.39-7.94) (0.06-39.95) (023-7.20) (0.06-39.65)
Sex
Male 1(51/72) 143 NA NA NA 146 NA  NA NA 069 (0.19-251) NA
(0.40-5.08) (040-5.32)
Female 4 (555/463) 137 0280/ 115 0500/ 152 0518/ 114 0595/ 075 (0.53-1.06) 0427/
(095-198) 218 (033403 00 (103-225) 0.0 (059-2.18) 00 00
Female
menopause
NP 2(260239) 213 0676/ 3.02 0582/ 202 0581/ 291 0.600/ 055 (029-1.04) 0481/
(116-389) 00 (033-27.77) 00 (108-377) 0.0 (032-2676) 0.0 00
P 2 (295/224) 115 0400/ 073 NA 128 0400/ 104 NA 0.86 (0.56-1.30) 0323/
(0.80-165) 0.0 (0.16-3.35) (077-2.10) 0.0 (0.52-2.06) 00
Type of
control
Healthy 4(562/513) 137 0281/ 128 0245/ 153 0525/ 112 0317/ 074 (0.52-1.04) 0443/
(0.96-1.96) 215 (022-7.53) 262 (104-224) 00 (057-2200 02 00
Non-healthy 1 (44/22) 154 NA 156 NA 128 NA 155 NA 100 (017-593)  NA
(0.30-7.94) (0.06-39.95) (023-7.20) (0.06-39.65)
Egger's test
PE 0928 0247 0757 082 0705

OPG, T245G: allele model: G vs T, additive model: GG, vs; TT, dominant model: TG + GG, vs; TT, recessive model; GG, vs TT + TG, over-dominant model: TT + GG, vs TG; HWE,
Hardy-Weinberg equilibrium; OPG, Osteoprotegerin; p = Postmenopausal women; NP, Non-postmenopausal women.
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HWE, Hardy-Weinberg equilibrium; OPG, osteoprotegerin; p = postmenopausal women; NP, Non-postmenopausal women; FPRP, false-positive report probabilities; BEDP, bayesian false
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Variable  n (Cases/ Cvs T CCvs TT TC+CCvs TT CCvs TT+TC TT + CCvs TC
Controls)
OR Ph/F OR Ph/P? OR Ph/F OR Ph/F OR Ph/P
(95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%)
Overall 12 (1,610/ 093 <0001/ 091 <0001/ 090 <0001/ 096 <0001/ 102 0.764/
1,234) (071-123) 824 (055-151) 776 (063-1.28) 731 (0.67-137) 688 (088-1.19) 0.0
Ethnicity
Caucasian 4 (753/467) 0.68 <0001/ 052 <0.001//  0.65 <0.001/ 061 0.007/ 092 0.485/
(037-124) 910 (0.19-1.41)  87.1 (027-153) 878 (0.34-108) 751 (072-118) 0.0
Asian 7 (821/749) 114 <0001/ 133 0039/ 110 0085/ 130 0178/ 110 0.707/
(091-144) 824 (082-217) 549 (080-151) 460 (0.93-183) 327 (090-139) 0.0
Mexican- 1 (36/18) 078 NA 059 NA 063 NA 0.80 NA 1.00 NA
Mestizo (0.33-1.83) (0.10-357) (0.11-3.46) (0.26-2.49) (031-13.19)
Sex
Male 2 (1491173) 108 0014/ 113 0018/ 105 0180/ 117 0012/ 118 0.300/
(049-238) 833 (025-5.15) 822 (054-2.04) 443 (029-467) 843 (075-187) 69
Female 8 (1,124/792)  0.83 <0001/ 074 <0001/ 078 <0.001/  0.82 0005/ 101 0571/
(057-120) 846 (038-1.44) 789 (047-1.28) 790 (0.53-126) 655 (083-122) 0.0
Mix 2 (272/208) 123 <0001/ 159 0047/ 131 0092/ 129 0123/ 098 0.768/
(072-209) 729 (049-517) 747 (063-276) 647 (0.61-276) 580 (071-135) 0.0
Female
menopause
NP 4 (743/508) 097 0957/ 097 0958/0.0  0.98 0675/ 0.94 0791/ 097 0331/
(0.82-115) 0.0 (0.69-1.36) 075-1.29) 0.0 (071-124) 00 (075-127) 124
P 4 (381/284) 0.74 <0001/ 0.64 <0.001/ 0.64 <0.001/ 077 0.008/ 1.08 0.566/
(033-166) 913 (015-271) 855 (022-1.86) 887 (0.30-1.99) 744 (079-148) 0.0
Type of control
Healthy 9 (1,459/1,105)  0.93 <0001/ 091 <0001/ 090 <0.001/ 094 <0001/ 101 0.606/
(068-127) 853 (052-159) 804 (062-1.33) 760 (0.62-142) 743 (086-1.19) 0.0
Non- 3 (151/129) 094 0019/ 091 0019/ 084 0023/ 105 0161/ 110 0.619/
healthy (046-192) 748 (020-413) 776 (025-281) 734 (0.48-230) 452 (068-177) 0.0
Sensitivity analysis
HWE and Quality score > 12
Overall 7 (807/762) 0385 <0001/ 079 <0001/ 084 <0.001/  0.82 0001/ 098 0.568/
(055-132) 875 (036-173) 832 (047-1.49) 820 (049-138) 734 (080-120) 0.0
Ethnicity
Caucasian 3 (447/408) 059 <0001/ 041 <0001/ 055 <0.001/ 051 0011/ 091 0303/
(027-131) 931 (011-151) 899 (017-1.76) 912 (025-103) 777 (067-124) 163
Asian 3 (324/336) 123 0122/ 163 0130/ 126 0092/ 132 0439/ 108 0.418/
(086-175) 525 (0.72-3.66) 510 (072-2.19) 581 (0.88-200) 0.0 (0.79-146) 0.0
Mexican- 1(36/18) 078 NA 059 NA 063 NA 0.80 NA 100 NA
Mestizo (0.33-1.83) (0.10-3.57) (0.11-3.46) (0.26-2.49) (031-3.19)
Sex
Male 1(51/72) 071 NA 050 NA 072 NA 056 NA 088 NA
(043-1.18) (0.18-1.40) (033-1.57) (0.23-135) (043-1.81)
Female 5 (691/629) 077 <0001/ 0.66 <0001/ 072 <0001/ 075 0002/ 100 0327/
(045-132)  89.7 (026-1.68) 854 (035-148) 856 (041-136) 763 (078-127) 136
Mix 1(65/61) 1.69 NA 323 NA 210 NA 216 NA 089 NA
(1.03-2.79) (1.08-9.66) (0.94-4.70) (0.85-5.50) (044-1.79)
Female
menopause
NP 3 (437/449) 096 0879/ 096 0865/0.0 097 0472/ 093 0608/ 098 0.181/
(080-1.16) 0.0 (0.66-1.40) (072-131) 00 (0.68-126) 0.0 (066-144) 416
P 2 (254/180) 0.62 <0001/ 050 0001/ 053 <0001/ 0.63 0023/ 105 0300/
(0.14-270) 955 (0.04-689) 905 (007-3.78) 947 (0.11-347) 808 (0.70-1.60) 7.0
Type of control
Healthy 5 (706/683) 076 <0001/ 063 <0001/ 073 <0.001/  0.70 0002/ 099 0316/
(046-126) 898 (027-152) 855 (038-1.41) 855 (039-125) 766 (078-125) 155
Non-healthy 2 (101/79) 124 0125/ 162 0114/ 146 0209/ 139 0184/ 092 0.865/
(059-262) 574 (031-830) 600 (049-434) 367 (0.53-3.66) 433 (050-167) 0.0
Egger's test
Py 0.828 0687
0885 0414 0882

OPG T950C: allele model: C vs T, additive model: CC, vs; TT, dominant model: TC + CC, vs; TT, recessive model; CC, vs TT + TC, over-dominant model: TT + CC, vs TC; HWE,

Hardy-Weinberg equi

um; OPG, osteoprotegerin;

ostmenopausal women; NP, Non-postmenopausal women. Bold values indicated that these results are statistically significant.
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Variable n (Cases/ Cvs G CCvs GG GC+CCvs GG CCvs GG +GC GG+ CCvs GC
Controls)
OR Ph/F OR Ph/I’ OR Ph/F OR Ph/I’ OR Ph/F
(95%CI) (%)  (95%CI) (%)  (95%CI) (%)  (95%CI) (%)  (95%CI) (%)
Overall 18 (3.472/3,035)  0.84 0002/ 075 0057/ 0.80 0008/ 0.84 0074/ 108 0013/
0.74-0.95) 574 0.60-0.93) 380 (0.67-0.95)  50.3 (0.70-1.00) 353 (092-125) 487
Ethnicity
Caucasian 8(1,333/1,103)  0.86 0037/ 079 0.106/ 085 0031/ 082 0.144/ 093 0.007/
(071-1.04) 552 (056-1.11) 427 (062-1.16) 545 (064-105) 374 (068-127) 660
Asian 8(1921/1800)  0.80 0001/ 0.67 0046/ 0.74 0010/ 081 0043/ 115 0.143/
0.66-0.98)  70.3 (047-0.95) 510 (0.58-0.95) 620  (059-1.10) 516  (096-137) 358
Mexican- 2(218/132) 0.95 0563/ 1.06 0878/ 0.86 0556/ 1.08 0816/ 119 0.523/
Mestizo 0.67-135) 00 (050-224) 00 (053-142) 00 (059-198) 0.0 (075-1.89) 00
Sex
Male 1(50/72) 0.60 NA 039 NA 0.86 NA 033 NA 045 NA
(0.36-1.01) (0.13-1.17) (0.35-2.08) (0.14-0.77) (0.22-0.94)
Female 17 (3422/2.963)  0.85 0002/ 077 0060/ 0.79 0005/ 087 0184/ 110 0038/
(0.75-097) 576 (0.61-096) 382 0.66-0.95) 532 (074-103) 239 095-127) 423
Female
menopause
NP 5 (869/926) 0.86 0764/ 077 0520/ 087 0428/ 071 0899/ 096 0114/
0.73-1.00) 00 (054-109) 00 (071-107) 00 0.52-095) 0.0 (071-1.30) 495
I3 12 (2,553/2037)  0.85 0002/ 076 0024/ 075 0001/ 092 0129/ 116 0079/
(0.72-100)  67.5 (057-101) 500  (0.58-0.96) 637  (076-112) 327 (098-137) 393
Type of control
Healthy 16 (3,290/2,830)  0.84 0001/ 074 0042/ 0.80 0004/ 0.83 0056/ 107 0010/
(0.74-096) 600  (0.59-093) 415 (0.66-0.96) 556 (0.70-1.00) 389 (091-1.25) 508
Non-healthy 2 (182/205) 0.82 NA 125 NA 073 0975/ 139 NA 143 NA
(0.44-153) (013-11.61) (046-1.18) 00 (015-12.73) (069-2.97)
Sensitivity
analysis
HWE and
Quality
score > 12
Overall 15 (3,036/2,791)  0.86 0004/ 076 0052/ 0.82 0010/ 086 0067/ 107 0025/
(0.76-0.98) 566 (0.61-096) 406  (0.68-0.98) 522 (071-103) 380 (092-125) 465
Ethnicity
Caucasian 6 (968/879) 0.86 0021/ 079 0065/ 0.86 0010/ 084 0111/ 096 0.005/
0.69-1.08) 622 (054-117) 518 (057-129) 6.8 (063-1.11) 442 (068-1.38) 702
Asian 7(1850/1780)  0.84 0005/ 0.70 0056/ 0.79 0031/ 083 0042/ 111 0253/
(070-102) 677 (0.49-099) 510 (0.62-099)  56.8 (061-1.13) 542 (094-130) 231
2(218/132) 0.95 0563/ 1.06 0878/ 0.86 0556/  1.08 0816/ 119 0.523/
Mestizo 0.67-135) 0.0 (050-224) 00 (053-142) 00 (059-198) 00 (075-1.89) 00
Sex
Male 1(50/72) 0.60 NA 039 NA 0.86 NA 033 NA 045 NA
(0.36-1.01) (0.13-1.17) (0.35-2.08) (0.14-0.77) (0.22-0.94)
Female 14 (2,986/2,719)  0.87 0005/ 0,78 0056/ 081 0006/ 0.90 0185/ 110 0074/
0.77-0.99) 566 (0.62-099) 408 (0.67-0.98) 556 (076-106) 249 095-127) 379
Female
menopause
NP 4 (818/766) 086 0764/ 077 0520/ 090 0321/ 071 0899/ 096 0114/
(0.73-1.00) 0.0 (054-109) 00 (071-114) 142 052-0.95) 0.0 (071-130) 495
P 0(2168/1953) 0.8 0001/ 078 0020/ 077 0002/ 096 0.149/ 116 0.168/
(074-1.04)  68.1 (058-106) 542 059-0.99) 650 (079-117) 324 (099-1.36) 302
Type of
control
Healthy 14/(2905/2,746)  0.86 0002/ 076 0037/ 082 0006/ 085 0049/ 106 0.020/
0.76-0.98) 596 (0.60-0.96) 445 0.68-0.99) 5.3 (071-103) 420 (091-125) 489
Non-healthy (131/45) 082 NA 125 NA 074 NA 139 NA 143 NA
(044-1.53) (013-11.61) (036-1.52) (015-12.73) (069-2.97)
Egger’s test
Py 0015 0124 0045 0094 0271

OPG G1181C: allele model:
Hardy-Weinberg eq;

m; OPG, osteoprotegerin; p

. dor

, recessive model; CC, vs GG + GC, over-dominant model: GG + CC, vs GG; HWE,
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