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Abstract

:

Prior research has demonstrated equivocal associations between selenium (Se) concentrations and osteoporosis (OP), yielding inconclusive findings. The purpose of the current study was to examine the potential correlation between Se levels and the risk of OP by using the Mendelian randomization (MR) study design. The genetic variants related to Se levels were obtained from a meta-analysis of a Genome-Wide Association Study (GWAS) conducted on toenail Se levels (n = 4162) and blood Se levels (n = 5477). The data summary for OP and bone mineral density (BMD) was obtained by utilizing the GWAS database. To examine the association between Se levels and BMD and OP, we employed three statistical methods: inverse variance weighted, weighted median, and MR-Egger. The reliability of the analysis was verified by sensitivity testing. All three methods of MR analysis revealed that Se levels had no effect on OP risk. In addition, the sensitivity analysis revealed no heterogeneity or pleiotropy, and the significance of the overall effect remained unaffected by single-nucleotide polymorphisms (SNPs), as determined by the leave-one-out analysis, indicating that our findings are relatively reliable. The results of our study indicate that there is no causal association between Se levels and the risk of OP. However, additional investigation is necessary to ascertain whether there is a potential association between these variables.
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1. Introduction


As the world’s population ages, chronic metabolic diseases are becoming more prevalent, posing a significant public health concern on a global scale [1,2]. Osteoporosis (OP) is one of the most prevalent skeletal disorders. In the 2010 U.S. Census, there were approximately 10.2 million individuals over the age of 50 with osteoporosis, and the percentage of women with osteoporosis was much higher (16.5%) than men (5.1%) [3,4]. The risk of fracture increases significantly with the onset of OP [5]. The occurrence of a fracture brings with it a series of burdens, including reduced quality of life, increased financial burden, and significant psychological consequences. Especially in the elderly, a major fracture has a high probability of leading to death within a year [6]. Reduced bone mineral density (BMD) and consequent bone loss are the defining features of OP [7,8,9]. The lumbar spine (LS) and femoral neck (FN) BMDs are the most commonly used and genetically related indicators for assessing OP [4,10,11]. The onset of OP is usually associated with factors such as genetics, age, malnutrition, endocrine disruption and obesity [12,13,14]. In addition, some genetic mutations may also increase the risk of OP [15]. It is challenging to detect OP in its earlier stages, and many uncertain potential risks could have a significant impact on patients. Therefore, it is necessary to investigate the causes of OP and implement effective preventative measures.



Selenium (Se) is an essential trace element with significant health benefits [16,17]. Humans obtain it primarily through their diet or nutritional supplements [18]. Selenoproteins, the predominant form of Se, play a key role in anti-inflammation, neuroprotection, and inhibition of oxidative stress [19,20,21]. However, deficiency of Se in the body or excessive intake can also be harmful [22,23,24,25,26]. The association between Se and OP has been investigated for several years; however, the results still need to be clarified. Some studies have demonstrated a negative correlation between Se and the risk of OP [27,28,29], whereas others have shown no association between Se and OP [30,31,32]. Given the inconclusive nature of the association between Se and OP and the potential influence of confounding variables in previous studies, further research is required to determine their association.



Mendelian randomization (MR) is a genetic variation-based method for inferring the causal association between exposures and outcomes [33]. There are several requirements that must be met when instrumental variables (IVs) are used as proxies for target exposures. In general, the genetic instrument chosen must be highly correlated with the exposure, and only then can the genetic instrument logically substitute for the exposure. Diseases typically have a number of risk factors, and it is uncertain whether the substitution of the exposure with a genetic IV directly influences the outcome or whether it first affects the risk factors and is thus indirectly related to the outcome. Therefore, it is also necessary to eliminate IVs that may be associated with the risk factors. In addition, to ensure that the outcome is indeed caused by the exposure factor, there must be no association between the IV and the outcome [34]. According to Mendel’s laws of heredity, genetic variation is random, determined before birth and not altered by acquired factors [35]. Thus, MR studies are considered the natural genetic equivalent of randomized controlled experiments, eliminating confounding variables and reverse causality compared to traditional observational studies [36,37]. MR is now extensively employed to analyze the causal association between exposure and disease [38,39,40]. Therefore, we intended to determine the association of Se levels with the risk of OP by performing MR analysis using publicly available GWAS data.




2. Materials and Methods


2.1. Study Overview


The detailed analysis process for this study is shown in Figure 1. Toenail selenium (Se) and blood Se levels were selected as exposures, and femoral neck (FN) bone mineral density (BMD), lumbar spine (LS) BMD, total body (TB) BMD and osteoporosis (OP) were selected as outcomes. Summary data on exposures or outcomes were collected from published GWAS meta-analyses and publicly available data. These summary data were analyzed by Mendelian randomization (MR) to determine if there was a causal association between Se levels and the risk of OP. Our MR study meets three basic assumptions: (1) the selected IVs exhibit a strong association with the exposure factors; (2) the IVs are not associated with confounding variables that might influence the outcome and (3) the IVs can only impact the outcome via the exposure, and there is no direct relationship between the IVs and the outcome. Since this study utilized publicly accessible databases, no additional ethical approval was necessary. Sensitivity tests were also performed in this study using different methods to assess the reliability of the findings. No causal relationship was reported between Se levels and any of the LS BMD, FN BMD, TB BMD or OP, according to the final results.




2.2. Summary Data for Se Levels


Blood Se and toenail Se levels were used as genetic IVs for in vivo Se concentration in this study. An extensive GWAS meta-analysis of toenail Se and blood Se levels in European and Australian samples was used to obtain Se level-related single-nucleotide polymorphisms (SNPs) [41]. The GWAS meta-analysis of toenail Se levels included 4162 individuals from 4 different US cohorts (adjusted for gender, residence, smoking status and age) [41]; the GWAS meta-analysis of blood Se levels was performed on two cohorts, including 2874 pregnant women from the United Kingdom and 2603 twins and their families from Australia (adjusted for age, consanguinity and gender) [42]. Detailed information on the toenail Se and blood Se cohorts can be found in the studies by Cornelis et al. and Evans et al. [41,42].




2.3. Instrumental Variable Selection


To ensure the independent existence of each SNP, all SNPs associated with Se concentration (p < 5 × 10−8) were trimmed for linkage disequilibrium (r2 = 0.3) to remove highly correlated SNPs. For those SNPs that were missing in the outcome data, they were replaced by SNPs with r2 greater than 0.8. Similar to previous studies, 11 independent SNPs were identified that were strongly associated with Se levels [43]. Details on SNPs are shown in Table 1. In order to detect weak IV bias, the F-statistics of the SNPs were utilized; F > 10 signifies the absence of weak IV bias [44]. The formula for the F-statistic is as follows: F = R2 × (N − 2)/(1 − R2), where R2 is the degree of exposure explained by the IVs and N is the number of SNPs. The formula for R2 is as follows: R2 = [2 × Beta2 × (1 − EAF) × EAF]/[2 × Beta2 × (1 − EAF) × EAF + 2 × SE2 × N × (1 − EAF) × EAF], where Beta represents the genetic effect of the SNP, EAF (effect allele frequency), SE (standard error) and N the sample size. The F-statistics of all SNPs were calculated to be greater than 10, making them unbiased for predicting IVs and effective for predicting OP. After the initial analysis was completed, the SNPs associated with OP were checked using Phenoscanner V2. Finally, we found two SNPs that were potentially associated with OP incidence (p < 5 × 10−8). After removing the relevant SNPs, the MR analysis was repeated to validate the accuracy of our findings.




2.4. GWAS Summary Data for OP


By using FN BMD, LS BMD, TB BMD and OP, the causal effect of Se levels on OP risk was investigated. These data were obtained from publicly available databases (https://gwas.mrcieu.ac.uk/, accessed on 18 October 2023). The FN BMD (n = 32,735) and LS BMD (n = 28,498) data were derived from a whole-genome sequencing analysis of European participants [45]. The TB BMD summary data were derived from a GWAS meta-analysis in which participants were predominantly from the general European population (86%), with the remaining 14% participants from mixed backgrounds [46]. OP summary data were obtained from the IEU GWAS database, with a total of 484,598 participants from Europe, including 7751 cases and 476,847 controls [47]. Table 2 shows all GWAS data.




2.5. Mendelian Randomization Analyses


In order to increase the reliability of the study results, the causal relationship between Se concentrations and FN BMD, LS BMD, TB BMD and OP risk was investigated using three Mendelian randomization methods. IVW, which assumes that each genetic variant exists independently and can influence outcome only through the exposure of interest and combines the Wald ratios of individual SNPs, was employed as the principal method of analysis in this study. However, causality may be biased in the presence of pleiotropy [48,49]. The MR-Egger method allows genetic variants to have pleiotropic effects, but requires that pleiotropic effects be independent of variant–exposure relationships [48]. As long as more than half of the instruments used in the MR analysis are valid, the weighted median (WM) approach allows invalid instruments to be used and also allows variation to be related to confounders of the exposure–outcome relationship [49]. To obtain more precise analysis results, we used the WM and MR-Egger methods as complementary methods to IVW, although they are less powerful (wider CI) [50]. A statistically significant association between exposure and outcome was deemed to be present when the p-value was found to be less than 0.05.




2.6. Sensitivity Analysis


In the case of horizontal pleiotropy, which can occur when variants linked to Se levels influence outcomes via alternative pathways, the independence and exclusivity assumptions may be violated, ultimately resulting in unreliable MR results. Therefore, we examined the heterogeneity and pleiotropy of the results. Heterogeneity was evaluated using Cochran’s Q-test (p < 0.05 was considered heterogeneity), and pleiotropy was assessed through the MR-Egger intercept (p < 0.05 was considered pleiotropy) [51]. In addition, a leave-one-out (LOO) analysis was conducted. LOO analysis refers to the exclusion of a single SNP, followed by MR analysis, which is used to evaluate the impact of the SNP on the outcome. If the results change significantly after the SNP is removed, it indicates that the outcome is sensitive to the IVs [52]. In this study, R software and the TwoSampleMR package were used for all MR analyses.





3. Results


3.1. Effects of Se on FN BMD


We did not observe a statistically significant causal relationship between Se concentrations and FN BMD using the IVW method (OR = 1.004, 95% CI = 0.978–1.031, p = 0.725) based on our analysis of the 11 Se level-related SNPs (refer to Figure 2). The WM (OR = 1.012, 95% CI = 0.976–1.049, p = 0.484) and MR-Egger regression (OR = 1.099, 95% CI = 1.004–1.202, p = 0.070) results were in agreement with the IVW (Figure 2). This lack of association was further supported by the scatter plot presented in Figure 3A. We then examined the heterogeneity and pleiotropy of the results. Cochran’s Q-test results for MR-Egger (Q = 4.919; p = 0.841) and IVW (Q = 9.058; p = 0.526) showed no heterogeneity in any of the analyses, and the MR-Egger intercept (intercept = −0.020; p = 0.072) analysis showed intercepts close to 0 (Table 3). The LOO analysis revealed that no individual SNP altered the overall effect (Figure 3B). Furthermore, the funnel plot was nearly symmetric (Figure 3C), showing the absence of pleiotropy.




3.2. Effects of Se on LS BMD


For the relationship between Se levels and LS BMD, the IVW method failed to establish a causal relationship between Se levels and LS BMD (OR = 0.980, 95% CI = 0.950–1.010, p = 0.200) (Figure 2). The IVW result was confirmed by the WM (OR = 0.991, 95% CI = 0.951–1.033, p = 0.685) and MR-Egger (OR = 1.065, 95% CI = 0.961–1.181, p = 0.258) methods (Figure 2). This lack of association was further supported by the scatter plot shown in Figure 4A. For the test of heterogeneity, neither the MR-Egger (Q = 4.827; p = 0.849) nor the IVW (Q = 7.574; p = 0.670) Cochran’s Q test results showed statistical significance (Table 3). The absence of pleiotropy for the IVs was confirmed by the MR-Egger intercept analysis (intercept = −0.018; p = 0.131) for the pleiotropy test (Table 3). The LOO analysis shows that the overall result is not affected by excluding individual SNPs (Figure 4B), and the funnel plot is almost symmetrical (Figure 4C), meaning that our analysis is relatively robust.




3.3. Effects of Se on TB BMD


The IVW results (OR = 1.005, 95% CI = 0.986–1.025, p = 0.569) did not indicate a causal effect of Se levels on TB BMD in the analysis of TB BMD (Figure 2). As indicated by the results obtained from the WM (OR = 1.014, 95% CI = 0.989–1.040, p = 0.277) and MR-Egger (OR = 1.031, 95% CI = 0.964–1.102, p = 0.393) methods, there was no causal relationship identified between Se concentrations and TB BMD (Figure 2). This lack of association was further supported by the scatter plot presented in Figure 5A. When tested for heterogeneity, MR-Egger (Q = 6.460; p = 0.693) and IVW (Q = 7.040; p = 0.721) did not show statistical differences (Table 3), indicating that our IVs were stable. The LOO analysis showed that the overall effect was relatively stable, and the funnel plot was close to symmetrical (Figure 5B,C), which was confirmed by the MR-Egger intercept (intercept = −0.005; p = 0.465) analysis (Table 3). These results consistently demonstrated that our analyses were not biased.




3.4. Effects of Se on OP


Finally, we assessed the association between Se levels and OP risk by using MR analysis. In accordance with the findings of FN BMD, LS BMD and TB BMD, the IVW (OR = 1.000, 95% CI = 0.999–1.001, p = 0.765), MR-Egger regression (OR = 0.998, 95% CI = 0.994–1.002, p = 0.466) and WM methods (OR = 0.999, 95% CI = 0.998–1.001, p = 0.807) showed that Se levels were not significantly associated with OP risk (Figure 2). This lack of association was further supported by the scatter plot presented in Figure 6A. We then tested for heterogeneity, which was not observed in the Cochran’s Q-test results for MR-Egger (Q = 14.772; p = 0.097) and IVW (Q = 16.063; p = 0.097) (Table 3). The MR-Egger intercept (intercept = 0.000; p = 0.398) analysis showed no evidence of pleiotropy between Se levels and the risk of OP (Table 3). The LOO analysis indicates that the overall finding is not altered by removing any individual SNPs (Figure 6B), and the funnel plot is nearly symmetric (Figure 6C), meaning that our analyses are relatively well balanced.




3.5. Second MR Analysis of Se Levels with FN BMD, LS BMD, TB BMD and OP


After the first MR analysis was completed, we used the Phenoscanner V2 to check all SNPs to ensure that our analysis was valid. Surprisingly, two SNPs (rs6586282 and rs234709) were associated with homocysteine levels, whereas previous studies have shown that homocysteine levels are related to OP [53]. Next, rs6586282 and rs234709 were removed, and the causal association between Se concentrations and FN BMD, LS BMD, TB BMD and OP were analyzed again by MR. Unsurprisingly, the outcomes of the analysis remained consistent with the initial results even after the two SNPs were eliminated. The IVW method did not show a causal relationship between Se concentration and FN BMD (OR = 1.013, 95% CI = 0.985–1.042, p = 0.338), LS BMD (OR = 0.988, 95% CI = 0.957–1.020, p = 0.481), TB BMD (OR = 1.009, 95% CI = 0.988–1.030, p = 0.367) and OP (OR = 0.999, 95% CI = 0.998–1.001, p = 0.911) (Figure S1). Meanwhile, the results of the WM method (ORFN BMD = 1.0.13, 95% CIFN BMD = 0.976–1.051, pFN BMD = 0.452; ORLS BMD = 0.998, 95% CILS BMD = 0.958–1.040, pLS BMD = 0.949; ORTB BMD = 1.015, 95% CITB BMD = 0.989–1.041, pTB BMD = 0.251; OROP = 0.999, 95% CIOP = 0.998–1.001, pOP = 0.796) and MR-Egger (ORFN BMD = 1.068, 95% CIFN BMD = 0.952–1.199, pFN BMD = 0.293; ORLS BMD = 1.034, 95% CILS BMD = 0.905–1.182, pLS BMD = 0.629; ORTB BMD = 1.012, 95% CITB BMD = 0.927–1.105, pTB BMD = 0.786; OROP = 0.999, 95% CIOP = 0.994–1.005, pOP = 0.992) were in line with the IVW results (Figure S1).




3.6. Sensitivity Test of the Second MR Analysis


To test the validity of our analysis, we tested for heterogeneity and pleiotropy. The findings of the Cochran’s Q-test for MR-Egger (QFN BMD = 3.485, QLS BMD = 4.203, QTB BMD = 5.455, QOP = 13.276; pFN BMD = 0.836, pLS BMD = 0.756, pTB BMD = 0.604, pOP = 0.065) and IVW (QFN BMD = 4.355, QLS BMD = 4.683, QTB BMD = 5.460, QOP = 13.277; pFN BMD = 0.823, pLS BMD = 0.790, pTB BMD = 0.707, pOP = 0.102) were not statistically significant, indicating no heterogeneity (Table S1). The MR-Egger intercept results also suggest that our analysis has no pleiotropy (interceptFN BMD = −0.012, interceptLS BMD = −0.011, interceptTB BMD = 0.000, interceptOP = 0.000; pFN BMD = 0.382, pLS BMD = 0.510, pTB BMD = 0.945, pOP = 0.988) (Table S1). The LOO analysis revealed that no single SNP altered the overall result (Figure S2A–D). In addition, the funnel plot was approximately symmetric (Figure S3A–D), indicating the robustness of our results.





4. Discussion


Our investigation aimed to examine the correlation between selenium (Se) levels and the likelihood of developing osteoporosis (OP) through the utilization of Mendelian randomization (MR) analysis. Following the completion of two MR analyses, the Se levels showed no significant effect on the risk of OP in our findings.



Although there have been studies on the association between Se and OP, the findings have been inconsistent. Several studies have demonstrated that supplementation with Se does not have a significant impact on bone mineral density (BMD) and OP [31,32]. Similarly, Walsh et al. found that Se intake has no significant impact on bone improvement in postmenopausal women [54]. In contrast, Xie et al., reported that Se supplementation enhanced BMD and reduced the risk of OP [55], and a study by Park et al. found that low BMD was associated with decreased hair Se levels [56]. However, Xue et al. found that moderate Se intake increased BMD, whereas excessive intake reduced BMD [57]. Based on prior research, the association between Se and OP remains inconclusive and requires further investigation.



The reduction in BMD is one of the hallmarks of OP [7]. Therefore, in addition to analyzing the causal relationship between Se levels and OP, our study also analyzed femoral neck (FN) BMD, lumbar spine (LS) BMD and total body (TB) BMD to enhance the reliability of the results. Interestingly, Se levels were not related to either BMD or OP risk. The consistency of these results reinforces our view that Se levels have no effect on the risk of OP. We also found two SNPs (rs6586282 and rs234709) associated with homocysteine levels. Prior research has demonstrated that elevated levels of homocysteine are associated with an increased risk of OP and decreased BMD [53,58,59]. However, the findings of the two MR analyses conducted before and after the removal of rs6586282 and rs234709 were consistent. We believe that it may be the strong uncorrelation between Se and OP risk that is insufficient for confounding factors to alter the results. In addition, we also analyzed sensitivity and found no evidence of heterogeneity or pleiotropy of single-nucleotide polymorphisms (SNPs). This further suggests that our findings are stable and reliable. Although a causal association between Se and OP risk was not found in our study, whether Se may indirectly affect OP through other pathways needs to be further investigated.



It is known that the current study is the first MR study to assess the impact of Se levels on OP risk, explaining whether there is a causal association between Se levels and the risk of OP at the genetic level. MRs are simulated randomized controlled trials by means of IVs, and they have great advantages [60]. Reverse causality can be avoided because the IVs associated with exposure are determined before birth [61]. When MR analysis is performed, confounding IVs are excluded, which leads to more reliable results [62]. MR analysis provides more evidence and effectively avoids bias [63].



Our study, however, has some limitations. First, the focus of this study was confined to a European population as the MR was performed mainly on a European sample, thereby creating uncertainty regarding the generalizability of the results to populations worldwide. Hence, our results need further validation in diverse populations across various geographical regions. Second, due to the utilization of a publicly available GWAS database, it was unfeasible to assess potential sample overlap. Third, the 11 SNPs used in our investigation are instrumental variables from two loci only (chr5 and chr21), and maybe, in the future, larger GWAS studies will identify more associated SNPs, increasing the power of MR. Finally, our focus was solely on examining the association between levels of Se in toenails and blood and the risk of OP. However, it is important to note that the potential impact of Se levels in other bodily tissues and overall Se status on OP risk remains an area that requires additional research and investigation.




5. Conclusions


To conclude, our study has determined that there is no sufficient evidence to support a causal association between selenium (Se) levels and the likelihood of developing osteoporosis (OP). Therefore, it is suggested that the use of Se supplementation as a preventive measure against OP may not be an effective approach. Given the lack of substantial evidence supporting the significant effect of Se on the risk of OP in this context, it is therefore concluded that this area of research needs to be further explored.
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Figure 1. The three assumptions of Mendelian randomization studies and the analysis process of this study. FN BMD: femoral neck bone mineral density; LS BMD: lumbar spine bone mineral density; TB BMD: total body bone mineral density; OP: osteoporosis; IVW: inverse variance weighted; SNPs: single-nucleotide polymorphisms. 
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Figure 2. Odds ratio plot of selenium levels with OP and BMD. OR: odds ratio; FN BMD: femoral neck bone mineral density; LS BMD: lumbar spine bone mineral density; TB BMD: total body bone mineral density; OP: osteoporosis; IVW: inverse variance weighted. 
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Figure 3. Effects of selenium on FN BMD. (A) Scatter plot of the causal effect of selenium concentrations on FN BMD; (B) forest plot of the LOO analysis; (C) funnel plot of the causal effect of selenium concentrations on FN BMD. 
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Figure 4. Effects of selenium on LS BMD. (A) Scatter plot of the causal effect of selenium levels on LS BMD; (B) Forest plot of the LOO analysis; (C) funnel plot of the causal effect of selenium levels on LS BMD. 






Figure 4. Effects of selenium on LS BMD. (A) Scatter plot of the causal effect of selenium levels on LS BMD; (B) Forest plot of the LOO analysis; (C) funnel plot of the causal effect of selenium levels on LS BMD.



[image: Nutrients 15 05065 g004]







[image: Nutrients 15 05065 g005] 





Figure 5. Effects of selenium on TB BMD. (A) Scatter plot of the causal effect of selenium levels on TB BMD; (B) forest plot of the LOO analysis; (C) funnel plot of the causal effect of selenium levels on TB BMD. 
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Figure 6. Effects of selenium on OP. (A) Scatter plot of the causal effect of selenium levels on OP; (B) forest plot of the LOO analysis; (C) funnel plot of the causal effect of selenium levels on OP. 
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Table 1. The 11 SNPs associated with selenium levels.
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	SNP
	Chromosome
	Effect

Allele
	Other Allele
	Frequency
	Beta
	Se
	P





	rs672413
	5
	A
	G
	0.32
	0.164418
	0.021835
	5.21 × 10−14



	rs705415
	5
	T
	C
	0.14
	−0.20006
	0.032113
	4.64 × 10−10



	rs3797535
	5
	T
	C
	0.08
	0.298102
	0.037544
	2.05 × 10−15



	rs11951068
	5
	A
	G
	0.07
	0.268264
	0.03992
	1.86 × 10−11



	rs921943
	5
	T
	C
	0.29
	0.294952
	0.022447
	1.90 × 10−39



	rs10944
	5
	T
	G
	0.49
	0.257746
	0.020375
	1.13 × 10−36



	rs567754
	5
	T
	C
	0.34
	−0.19588
	0.021502
	8.38 × 10−20



	rs6859667
	5
	T
	C
	0.96
	−0.35969
	0.051978
	4.40 × 10−12



	rs6586282
	21
	T
	C
	0.17
	−0.15971
	0.027116
	3.96 × 10−9



	rs1789953
	21
	T
	C
	0.14
	0.162035
	0.029354
	3.40 × 10−8



	rs234709
	21
	T
	C
	0.45
	−0.11957
	0.020474
	5.23 × 10−9










 





Table 2. GWASs information is incorporated into the Mendelian randomization.
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	GWAS ID
	Trait
	Sample Size
	Number of SNPs
	Population
	PMID





	ieu-a-980
	FN BMD
	32,735
	10,586,900
	European
	26367794



	ieu-a-982
	LS BMD
	28,498
	10,582,867
	European
	26367794



	ebi-a-GCST005348
	TB BMD
	56,284
	16,162,733
	European
	29304378



	ebi-a-GCST90038656
	OP
	484,598
	9,587,836
	European
	33959723










 





Table 3. Heterogeneity and pleiotropy test.
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Exposure

	
Outcome

	
Heterogeneity Test

MR–Egger

	
Heterogeneity Test

IVW

	
Pleiotropy Test

MR–Egger




	
Q

	
P

	
Q

	
P

	
Intercept

	
P






	
Se levels

	
FN BMD

	
4.919

	
0.841

	
9.058

	
0.526

	
−0.020

	
0.072




	
Se levels

	
LS BMD

	
4.827

	
0.849

	
7.574

	
0.670

	
−0.018

	
0.131




	
Se levels

	
TB BMD

	
6.460

	
0.693

	
7.040

	
0.721

	
−0.005

	
0.465




	
Se levels

	
OP

	
14.772

	
0.097

	
16.063

	
0.097

	
0.000

	
0.398
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