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Objective: Osteoporosis and rheumatoid arthritis (RA) are commonly associated, but whether there is a causal genetic relationship
between them remains unclear. This study used a two-sample Mendelian randomization (MR) approach to investigate this causal
relationship.

Methods: Genetic instruments for osteoporosis and RA were obtained from published genome-wide association studies (GWAS). We
selected SNPs with genome-wide significance (p < 5x10—-8) and independent variation (12 < 0.001). Causality was assessed using the
inverse variance weighted (IVW) method, and heterogeneity, pleiotropy, and robustness were tested using Cochran’s Q test, MR-Egger
intercept, and leave-one-out sensitivity analysis.

Results: The MR analysis revealed a causal effect of decreased bone mineral density (BMD) on RA risk (TB-BMD: OR = 1.094, 95%
CI=1.023-1.170, P = 0.009; FA-BMD: OR = 1.159, 95% CI = 1.019-1.320, P = 0.025; LS-BMD: OR: 1.175, 95% CI = 1.070-1.291,
P = 0.001). Osteoporosis at different sites and age groups significantly influenced RA, while RA did not significantly affect
osteoporosis. Sensitivity analyses confirmed the robustness of the results.

Conclusion: Our study suggests a potential causal relationship between osteoporosis and RA, suggesting that osteoporosis may predispose
individuals to RA. Further research is needed to understand the mechanisms and to confirm these findings across diverse populations.
Keywords: osteoporosis, rheumatoid arthritis, Mendelian randomization, GWAS

Introduction

Rheumatoid arthritis (RA) is an autoimmune disease with a prevalence of 0.5%—1.0%, more common among the aging
population, and affecting women more than men.' > RA primarily affects the synovial membrane and cartilage, leading
to bone erosion, which can result in severe disability and increased mortality.*> Osteoporosis (OP) is one of the serious
complications in advanced RA, increasing the risk of low-trauma fractures and significantly impacting patients’ health
and quality of life.*’

Osteoporosis is a chronic metabolic bone disease, commonly diagnosed by dual-energy X-ray absorptiometry (DXA),
characterized by decreased bone mineral density (BMD).*'® OP is globally prevalent, affecting approximately
200 million people, with incidence rising with age and being more common in women. Genetic factors, lifestyle, and
medical history are also important contributors to OP prevalence.'''?

Epidemiological studies indicate that 60%-80% of RA patients also suffer from OP. Numerous observational studies
show a strong relationship between OP and RA.'*'> RA patients often experience focal or extensive bone
involvement.'®"® Guler-Yuksel et al reported that in 381 newly diagnosed active RA patients, 11% and 25% had
osteoporosis in the spine and hip, respectively.”’ Synovial inflammation leads to cortical bone loss and marginal bone
erosion around the joints, with RA duration and severity being independent risk factors for vertebral fractures. However,

the exact mechanism behind the coexistence of RA and OP remains unclear.?! 23
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Understanding the causal relationship between OP and RA is crucial for prevention and treatment. However, current
observational studies with various confounding factors often fail to provide convincing evidence. Mendelian randomiza-
tion (MR) is a method used to assess causal relationships between exposures and outcomes, as it employs genetic
variables (IVs) that are equally, randomly, and independently distributed. Unlike traditional clinical randomized con-
trolled trials, MR avoids potential confounding factors.

This study aims to explore the potential bidirectional causal effects between RA and OP. Using a two-sample
bidirectional Mendelian randomization approach and data from genome-wide association studies (GWAS), this study
seeks to clarify whether a direct causal relationship exists between these two diseases. The findings may enhance our
understanding of the interaction between RA and OP and provide better management and preventive strategies for high-

risk patients, ultimately improving patient care and prognosis.

Methods

Study Design and Data Sources

In this two-sample MR study, we used single nucleotide polymorphisms (SNPs) as instrumental variables (IVs) and
GWAS data to determine the causal relationship between osteoporosis and RA. The study design and MR assumptions
are summarized in Figure 1. Genetic data for osteoporosis and RA were obtained from published GWAS, with details
provided in Table 1.As this study was based on previously published GWAS summary data, approval from an
institutional review board was not necessary, and all participants provided informed consent beforehand.

Genetic Instrument Selection

In this study, genetic instruments for rheumatoid arthritis (RA) and bone mineral density (BMD) were carefully selected
based on stringent criteria to ensure the robustness of the Mendelian randomization (MR) analysis. Single nucleotide
polymorphisms (SNPs) were identified using a genome-wide significance threshold (P<SE-8) and a minor allele
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Exclude SNPs with F-statistic <10 Total body bone mineral density (age 0-15) 8 SNPs  11,807cases Weighted mode
Total body bone mineral density (age 15-30) 1 SNPs 4,180cases MR-PRESSO model
Total body bone mineral density (age 30-45) 9 SNPs 10,062cases
Total body bone mineral density (age 45-60) 20 SNPs 18,805cases
Total body bone mineral density (age over 60) 21 SNPs 22,504cases

Figure | The MR design, guided by strict assumptions. Assumption |: Genetic variants (instrumental variables) must be strongly associated with the risk factor. Assumption
2: These genetic variants should not be linked to confounding factors. Assumption 3: The variants should influence the outcome solely through the risk factor, not via other
pathways. MR reduces confounding and reverse causation, enhancing causal inference because genetic variants are randomly allocated at conception, minimizing bias.
Abbreviations:MR, Mendelian randomization;BMD,Bone mineral density; PRESSO, Pleiotropy Residual Sum and Outlier.
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Table | Data Sources Used in This Study

Exposures or Sample Size (total Ancestry | Consortia PubMed ID or URL of | PubMed ID or URL

outcome or cases/controls) Original Research

Rheumatoid arthritis 417,256/409,001 European | Open GWAS 34594039 https://gwas.mrcieu.ac.uk/data
summary data sets/ebi-a-GCST90018910/

Total body bone mineral | 56,284 European | GWAS 29304378 https://gwas.mrcieu.ac.uk/data

density metaanalysis sets/ebi-a-GCST005348/
study

Forearm bone mineral 8143 Mixed GEFOS 26367794 https://gwas.mrcieu.ac.uk/data

density sets/ieu-a-977/

Lumbar spine bone 28,498 Mixed GEFOS 26367794 https://gwas.mrcieu.ac.uk/data

mineral density sets/ieu-a-982/

Femoral neck bone 32,735 Mixed GEFOS 26367794 https://gwas.mrcieu.ac.uk/data

mineral density sets/ieu-a-980/

Heel bone mineral 40,613 European | MRC-IEU https://gwas.mrcieu.ac.uk/ | https://gwas.mrcieu.ac.uk/data

density datasets/ukb-b- 11364/ sets/ukb-b- 1 1364/

Total body bone mineral 11,807 Mixed GWAS 29304378 https://gwas.mrcieu.ac.uk/data

density (age 0-15) metaanalysis sets/ebi-a-GCST005345/
study

Total body bone mineral | 4,180 Mixed GWAS 29304378 https://gwas.mrcieu.ac.uk/data

density (age 15-30) metaanalysis sets/ebi-a-GCST005344/
study

Total body bone mineral 10,062 Mixed GWAS 29304378 https://gwas.mrcieu.ac.uk/data

density (age 30—45) metaanalysis sets/ebi-a-GCST005346/
study

Total body bone mineral 18,805 Mixed GWAS 29304378 https://gwas.mrcieu.ac.uk/data

density (age 45-60) metaanalysis sets/ebi-a-GCST005350/
study

Total body bone mineral | 22,504 Mixed GWAS 29304378 https://gwas.mrcieu.ac.uk/data

density (age over 60) metaanalysis sets/ebi-a-GCST005349/
study

frequency (MAF) greater than 0.01.%*

This approach was employed to avoid the inclusion of weak instruments that could
introduce bias into the results, thereby enhancing the validity of the causal inferences made in the study.

Linkage Disequilibrium (LD) Management: To manage linkage disequilibrium (LD), a clumping procedure was
implemented. This procedure used a stringent R”*2 threshold of less than 0.001 within a 10,000 kb window to address
significant LD.** In cases where SNPs were in high LD, the SNP with the lower P-value was retained. This careful
selection process ensured that the SNPs used as instrumental variables were independent of each other, reducing the risk
of confounding due to LD and improving the precision of the MR analysis.

Proxy SNPs and Harmonization: When target SNPs were missing in the outcome genome-wide association studies
(GWAS), proxy SNPs with high correlation (R*2 > 0.8) were used as substitutes.”® Additionally, to ensure consistency
across datasets, SNPs with discordant alleles and palindromic SNPs (those that could be read forward or backward without
change) were excluded. This harmonization process was crucial for maintaining data integrity, allowing for accurate and
reliable MR analysis by ensuring that the genetic data were correctly aligned between the exposure and outcome datasets.

Validation of Instrumental Variables: The reliability of the instrumental variables was further validated by calculating
F-statistics for each SNP. SNPs with F-statistics less than 10 were excluded from the MR analysis, as these would
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indicate weak instruments that could compromise the study’s conclusions.?’ By setting this threshold, the study ensured
that only strong and reliable genetic instruments were used, thereby increasing the robustness of the causal estimates
derived from the MR analysis.

MR Analysis

Primary Analysis Method: The inverse variance weighted (IVW) method was employed as the primary analysis tool for
the MR study. The IVW method is particularly effective in the presence of heterogeneity among genetic variants and can
provide unbiased estimates as long as all genetic instruments are valid.?” This method served as the foundation for the
causal inferences drawn from the genetic data.

Additional MR Methods: To enhance the reliability of the findings, the study also applied MR-Egger regression and
median-based estimators. MR-Egger is less susceptible to directional pleiotropy, where genetic variants may influence the
outcome through pathways other than the exposure of interest. Median-based estimators offer robustness to outliers, further
strengthening the study’s conclusions by providing alternative causal estimates that can confirm the IVW results.?®

Pleiotropy and Sensitivity Tests: The study employed MR-PRESSO and Cochrane’s Q statistic to detect and correct
for horizontal pleiotropy, where genetic variants might affect the outcome through multiple pathways, and to assess
heterogeneity among the SNPs used.”’ Additionally, a leave-one-out sensitivity analysis was performed, where each SNP
was removed one at a time to check the stability of the results.*” These tests ensured that the MR findings were not driven
by any single genetic variant or by pleiotropic effects, thereby validating the robustness of the results.>!

Confounder and Outcome Control: To control for potential confounders, the SNPs (P<1x10°) in the GWAS Catalog
website (https://www.ebi.ac.uk/gwas) were eliminated with potential confounders and outcomes, such as smoking,

infections, autoimmune diseases, obesity (Supplementary Tables 3,4). This step was crucial to ensure that the observed

associations were not influenced by these external variables. Furthermore, F-statistics were calculated for all SNPs used
in the MR analysis to confirm that only strong instruments were included. This careful selection of SNPs helped to
eliminate weak instruments, thereby increasing the reliability of the causal inferences drawn from the study.

Statistical Significance

All statistical analyses were performed using the Two-Sample MR package in R statistical software version 4.4.0. (R
Foundation). Associations with P-values below 0.005 were regarded as strong evidence for a causal relationship, while
those with P-values between 0.005 and 0.05 were considered suggestive of causality. This thresholding approach allowed
for a nuanced interpretation of the data, distinguishing between more and less definitive evidence. All statistical analyses
were conducted using the TwoSampleMR package in R, a widely used tool in the field of Mendelian randomization.

Results

Effect of Bone Mineral Density at Different Sites on RA

We obtained 82, 3, 23, 21, and 52 SNPs from GWAS corresponding to TB-BMD, FA-BMD, FN-BMD, LS-BMD, and Heel
BMD (Figure 2). IVW estimates indicate a genetic causal relationship between lower bone density and increased RA risk
(TB-BMD: OR: 1.094, 95% CI=1.023-1.170, P=0.009; FA-BMD: OR: 1.159, 95% CI=1.019-1.320, P=0.025; LS-BMD:
OR: 1.175, 95% CI=1.070-1.291, P=0.001; Figure 2, Supplementary Table 1). MR-Egger, weighted median, and weighted
mode methods yielded similar results (Figure 2, Supplementary Table 1). All Cochran’s Q tests showed no heterogeneity

(p>0.05, Figure 2). All Egger regression tests were negative (p>0.05; Figure 2), indicating that our MR results were not
influenced by horizontal pleiotropy. Leave-one-out sensitivity tests showed no single SNP had a potential impact on the
final results Supplementary Figure 1-1 depicts scatter plots, funnel plots, and leave-one-out analyses of BMD on RA.

To further strengthen our MR assumption, we examined the traits related to our instrumental SNPs. Traits association
analysis (see Supplementary Table 3) showed that rs4846580,rs633995 in TB-BMD, 157524102 in LS-BMD,rs2941584,
rs3802858,rs7045925 in Heel-BMD,and rs7524102 in FN-BMD are associated with smoking,BMI, ulcerative colitis,
which may have some effect on the risk of RA. Sensitivity analysis by removing the SNPs revealed similar results,

though with lower statistical power (see Supplementary Figure 3-1).
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Exposure  No.of lvs MR results Heterogeneity  Pleiotropy
Method OR (95%CD MR P-value P-value P-value
TB-BMD 82 Inverse variance weighted 1.094 (1.023-1.170) s 0.009 0.22 0.19
82 MR Egger 1.228 (1.021-1.475) e 0.032 0.2
82 Weighted median 1.075 (0.980-1.179) - 0.126
82 Weighted mode 1.032 (0.859-1.240) T 0.744
FA-BMD 3 Inverse variance weighted 1.159 (1.019-1.320) - 0.025 0.92 0.46
3 MR Egger 1.431 (0.969-2.112) T 0.323 0.53
3 Weighted median 1.154 (1.003-1.327) [ 0.045
3 Weighted mode 1.225 (1.049-1.430) —— 0.124
LS-BMD 23 Inverse variance weighted 1.175 (1.070-1.291) e 0.001 0.31 0.39
23 MR Egger 1.404 (0.937-2.103) T 0.115 0.32
23 Weighted median 1.111 (0.977-1.263) ot 0.108
23 Weighted mode 1.094 (0.852-1.403) —re— 0.489
FN-BMD 21 Inverse variance weighted 1.087 (0.978-1.208) ot 0.120 0.35 0.73
21 MR Egger 0.989 (0.582-1.680) —_— 0.967 0.4
21 Weighted median 1.050 (0.907-1.216) o 0.512
21 Weighted mode 1.034 (0.807-1.324) —— 0.796
Heel-BMD 52 Inverse variance weighted 1.101 (1.028-1.180) ot 0.006 0.25 0.16
52 MR Egger 0.985 (0.831-1.166) — 0.858 0.22
52 Weighted median 1.092 (0.975-1.222) ot 0.128
52 Weighted mode 1.067 (0.947-1.202) Hos 0.292
I T T T 1

0.0 0.5 1.0 15 20 25

Figure 2 Effect of Bone Mineral Density at Different Sites on RA.

Abbreviations: .RA, Rheumatoid arthritis; FN-BMD, femoral neck bone mineral density; LS-BMD, lumbar spine bone mineral density; TB-BMD, total body bone mineral
density; FA-BMD, forearm bone mineral density; Heel-BMD, heel bone mineral density; Cl, confidence interval, inverse-variance-weighted; PRESSO, Pleiotropy Residual Sum
and Outlier; OR, Odds ratios; Cl, confidence interval.

Effect of Bone Mineral Density at Different Ages on RA

We obtained 8, 1, 9, 20, and 21 SNPs from GWAS for ages 0—15 years, 15-30 years, 3045 years, 45—60 years, and over
60 years, respectively (Figure 3, Supplementary Table 1). IVW estimates indicate a genetic causal relationship between
lower bone density and increased RA risk (0—15 BMD: OR: 1.216, 95% CI=1.019-1.451, P=0.03; 45-60 BMD: OR:
1.110, 95% CI=1.027-1.200, P=0.009; Figure 3). MR-Egger, weighted median, and weighted mode methods yielded
similar results (Figure 3). All Egger regression tests were negative (p>0.05; Figure 3), indicating that our MR results

were not influenced by horizontal pleiotropy. Cochran’s Q tests indicated heterogeneity in the 15 or less age group
(IVW=17.56, P=0.01; MR-Egger=16.24, P=0.01; Figure 3, Supplementary Table 1). Therefore, we conducted MR-
PRESSO to further examine this relationship, but no outliers were identified (Figure 3, Supplementary Table 1). Leave-

one-out sensitivity tests showed no single SNP had a potential impact on the final results (Supplementary Figure 1-2)

depicts scatter plots, funnel plots, and leave-one-out analyses of BMD on RA.
To further strengthen our MR assumption, we examined the traits related to our instrumental SNPs. Traits association
analysis (see Supplementary Table 3) showed that rs1936792 in 60 or more-BMD is associated with BMI, which may

have some effect on the risk of RA. Sensitivity analysis by removing the SNPs revealed similar results, though with
lower statistical power (see Supplementary Figure 3-2).

Effect of RA on Bone Mineral Density at Different Sites
In our study, we used 24 independent SNPs as instrumental variables (IVs) for RA (Figure 4; Supplementary Table 2).

The analysis indicated no significant relationship between genetically predicted RA and decreased bone density. The
primary IVW results showed no statistical association between RA risk and lower bone density levels (Figure 4). This
was consistent with MR-Egger regression and median-based estimators (weighted median and weighted mode)
(Figure 4). Tests for horizontal pleiotropy showed no directional pleiotropy (Figure 4). The weighted median analysis
indicated no causal effect of RA on bone density at different sites (Figure 4). Heterogeneity tests revealed heterogeneity
in TB-BMD, LS-BMD, and Heel-BMD (TB-BMD: IVW=42.07, P=6.13E-03, MR-Egger=42.00, P=4.20E-03; LS-BMD:
IVW=38.45, P=0.02,MR-Egger=38.18, P=0.02; Heel-BMD: IVW=50.36,P=1.97E-4,MR-Egger=50.20,P=1.22E-4;
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Exposure No.of Ivs MR results Heterogeneity Pleiotropy
Method OR (95%CD MR P-value  P-value P-value
15 or less 8 Inverse variance weighted 1.216 (1.019-1.451) e 0.030 0.01 0.51
8 MR Egger 1.689 (0.660-4.322) ’ - i 0.317 0.01
8 Weighted median 1.162 (0.986-1.368) o 0.072
8 Weighted mode 1.042 (0.774-1.404) —— 0.794
15-30 1 Wald ratio 0.915 (0.724-1.156> e 0.456
30-45 9 Inverse variance weighted 1.104 (0.992-1.229) (o 0.070 0.16 0.42
9 MR Egger 1.389 (0.813-2.372) —e— 0.269 0.17
9 Weighted median 1.068 (0.941-1.212) o 0.312
9 Weighted mode 1.036 (0.862-1.246) - 0.714
45-60 20 Inverse variance weighted 1.110 (1.027-1.200) o 0.009 0.61 0.12
20 MR Egger 1.413 (1.050-1.902) —e— 0.035 0.49
20 Weighted median 1.083 (0.972-1.207) o 0.150
20 Weighted mode 1.089 (0.915-1.297) He 0.349
60 or more 21 Inverse variance weighted 1.091 (0.990-1.203) o 0.079 0.12 0.43
21 MR Egger 0.935 (0.636-1.375) —e—i 0.738 0.13
21 Weighted median 1.058 (0.934-1.199) . 0.374
21 Weighted mode 1.034 (0.829-1.291) - 0.770
[ T T T 1

0 1 2 3 4 5

Figure 3 Effect of Bone Mineral Density at Different Ages on RA.
Abbreviations: RA, Rheumatoid arthritis;Cl, confidence interval, inverse-variance-weighted; PRESSO, Pleiotropy Residual Sum and Outlier; OR, Odds ratios; Cl,
confidence interval.

Outcome No.of Ilvs MR results Heterogeneity Pleiotropy
Method OR (95%CD) MR P-value P-value P-value
TB-BMD 23 Inverse variance weighted 0.990 (0.962-1.018) T 0.465 4.20E-03 0.86
23 MR Egger 0.986 (0.942-1.033) —_ 0.570  6.13E-03
23 Weighted median 0.986 (0.959-1.013) —T 0.293
23 Weighted mode 0.989 (0.963-1.016) — 0.425
FA-BMD 24 Inverse variance weighted 0.993 (0.944-1.045) I E— 0.799 0.51 0.52
24 MR Egger 1.015 (0.935-1.100) 0.732 0.54
24 Weighted median 0.990 (0.925-1.060) — E— 0.777
24 Weighted mode 0.995 (0.925-1.071) _— 0.902
LS-BMD 24 Inverse variance weighted 1.006 (0.971-1.044) [ e 0.732 0.02 0.7
24 MR Egger 0.997 (0.941-1.057) _— 0.928 0.02
24 Weighted median 0.982 (0.946-1.020> — 0.344
24 Weighted mode 0.983 (0.946-1.021) —_— 0.385
23 MR-Presso 0.992 (0.960-1.025) — 0.641
FN-BMD 24 Inverse variance weighted 1.000 (0.973-1.027) —t 0.988 0.21 0.71
24 MR Egger 0.993 (0.951-1.038) —— 0.762 0.25
24 Weighted median 0.976 (0.945-1.009) — 0.150
24 Weighted mode 0.978 (0.945-1.013) —— 0.223
Heel-BMD 21 Inverse variance weighted 1.003 (0.968-1.040) —_ 0.857 1.22E-04 0.81
21 MR Egger 0.998 (0.942-1.057) —_— 0.942 1.97E-04
21 Weighted median 0.989 (0.959-1.020> —— 0.488
21 Weighted mode 0.994 (0.965-1.024) —— 0.683
20 MR-Presso 0.997 (0.967-1.028) —— 0.832
T T T T 1

0.90 0.95 1.00 1.05 1.10 1.15

Figure 4 Effect of RA on Bone Mineral Density at Different Sites.

Abbreviations: RA, Rheumatoid arthritis; FN-BMD, femoral neck bone mineral density; LS-BMD, lumbar spine bone mineral density; TB-BMD, total body bone mineral
density; FA-BMD, forearm bone mineral density; Heel-BMD, heel bone mineral density; Cl, confidence interval, inverse-variance-weighted; PRESSO, Pleiotropy Residual Sum
and Outlier; OR, Odds ratios; Cl, confidence interval.

Figure 4, Supplementary Table 2). Consequently, we performed MR-PRESSO for further testing, finding no significant
outliers for TB-BMD, and excluding rs6679677 for LS-BMD and rs2618444 for Heel-BMD. After removing these
outliers, no causal relationship between RA and osteoporosis was found (Figure 4; Supplementary Table 2). Leave-one-
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out sensitivity tests showed no single SNP had a potential impact on the final results (Supplementary Figure 2-1) depicts

scatter plots, funnel plots, and leave-one-out analyses of RA on bone density at different sites.
To further strengthen our MR assumption, we examined the traits related to our instrumental SNPs. The results of the
trait association analysis (see Supplementary Table 4) indicated that the SNPs rs35139284, was associated with certain

autoimmune conditions and several potential confounders, such as BMI, which may have some impact on OP. Sensitivity

analysis by removing the SNPs revealed similar results (see Supplementary Figures 4-1).

Effect of RA on Bone Mineral Density at Different Ages
We found no significant causal effect of RA on bone density at different ages, whether using IVW, MR-Egger, weighted
median, or weighted mode methods (Figure 5; Supplementary Table 2). Horizontal pleiotropy tests showed no directional

pleiotropy (p>0.05; Figure 5; Supplementary Table 2). Heterogeneity tests indicated heterogeneity in the 30—45 and 45-60
age groups (age 3045 BMD: IVW=37.42, P=0.03, MR-Egger=36.87, P=0.02;age 45—60 BMD: IVW=46.37, P=2.70E-3,
MR-Egger=42.00, P=6.25E-3; Figure 5; Supplementary Table 2). Therefore, we performed MR-PRESSO, excluding
rs3757387 for the 3045 age group and rs35139284, rs6679677, and rs9494894 for the 45-60 age group. After removing
these outliers, no causal relationship between RA and OP was found (P>0.05, Figure 5; Supplementary Table 2). IVW

leave-one-out analysis indicated that most identified relationships were not altered by a single SNP associated with BMD.
However, rs6679677 (pval.outcome 2.14E-4) may interfere with the causal relationship between BMD and RA risk in those
over 60, so it was excluded, and reanalysis still showed no causal relationship between RA and OP (P>0.05, Figure 5;

Supplementary Table 2). Leave-one-out sensitivity tests showed no single SNP had a potential impact on the final results

(Supplementary Figure 2—2). Supplementary Figure 2-2 depicts scatter plots, funnel plots, and leave-one-out analyses of

RA on bone density at different ages.
To further strengthen our MR assumption, we examined the traits related to our instrumental SNPs. The results of the
trait association analysis (see Supplementary Table 4) indicated that the SNPs rs35139284, was associated with certain

Outcome  No.of lvs MR results Heterogeneity Pleiotropy
Method OR (95%CD MR P-value  P-value P-value
15 or less 24 Inverse variance weighted 1.001 (0.954-1.050) —_ 0.976 0.14 0.6
24 MR Egger 1.018 (0.941-1.101) — 0.664 0.16
24  Weighted median 1.005 (0.948-1.065) —_ 0.873
24  Weighted mode 1.000 (0.940-1.064) L 0.999
15-30 24 Inverse variance weighted 0.984 (0.906-1.070) —_ 0.708 0.39 0.7
24 MR Egger 1.001 (0.871-1.152) _ 0.984 0.44
24  Weighted median 0.977 (0.8724-1.095) . 0.692
24 Weighted mode 0.970 (0.856-1.100) —_— 0.643
30-45 24 Inverse variance weighted 1.010 (0.951-1.072) i 0.751 0.02 0.5
24 MR Egger 1.033 (0.936-1.139) e 0.527 0.03
24  Weighted median 1.002 (0.939-1.069) O 0.949
24  Weighted mode 1.006 (0.946-1.071) —— 0.840
23  MR-Presso 1.022 (0.970-1.080> e 0.408
45-60 24 Inverse variance weighted 1.011 (0.962-1.063) —_r— 0.675 6.25E-03 0.15
24 MR Egger 0.963 (0.890-1.043) . 0.365 2.70E-03
24  Weighted median 0.963 (0.914-1.014) —— 0.154
24 Weighted mode 0.970 (0.922-1.021) —— 0.253
21 MR-Presso 1.041 (0.986-1.098) H— 0.148
60 or more 24 Inverse variance weighted 1.015 (0.976-1.056) e 0.450 0.22 0.1
24 MR Egger 1.057 (0.993-1.126) H—— 0.098 0.16
24  Weighted median 0.996 (0.948-1.046) —— 0.863
24  Weighted mode 1.005 (0.956-1.056) — 0.861
23  MR-Presso 0.994 (0.959-1.031) —. 0.748
T 1

| T
08 09 1.0 11 1.2

Figure 5 Effect of RA on Bone Mineral Density at Different Ages.
Abbreviations: RA, Rheumatoid arthritis; [VVV, inverse-variance-weighted; PRESSO, Pleiotropy Residual Sum and Outlier; OR, Odds ratios; Cl, confidence interval.
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autoimmune conditions and several potential confounders, such as BMI, which may have some impact on OP. Sensitivity
analysis by removing the SNPs revealed similar results (see Supplementary Figures 4-2).

Discussion

The relationship between RA and OP has been a topic of interest in the medical community, with various hypotheses
proposed to explain their connection. Most current studies focus on the unidirectional causal relationship where RA leads
to osteoporosis, with little research on whether OP can lead to RA. In this study, we used bidirectional Mendelian
randomization to determine whether genetically predicted osteoporosis has a causal relationship with RA, and vice versa.
Using the largest publicly available GWAS summary data, we found a causal relationship between genetically decreased
bone density and increased RA risk. However, we did not find a causal relationship between genetically increased RA
risk and decreased BMD/OP. Sensitivity analyses confirmed the reliability of our results. Our study presents a novel
finding: OP can lead to the development of RA.

Clinical research supports the notion that OP can lead to RA. Arnd Kleyer et al hypothesized that bone loss might
begin before the onset of arthritis, and patients with the most severe bone pathology might be more prone to developing
RA.*? Early and recent clinical observations consistently show that both localized and systemic bone loss is detected
early in the RA disease process.” This observation is surprising because synovitis would take some time to destroy bone
to a clinically detectable level. Van der Heijde et al has shown that most patients exhibit radiographic bone erosion within
the first few years of the disease.®® Our study’s findings are supported by clinical research suggesting that osteoporosis
can lead to the development of RA, with bone loss potentially occurring before the onset of arthritis.*>>* Previous
studies have demonstrated that both localized and systemic bone loss can occur early in RA, even before significant joint
inflammation is evident.>*"** These observations align with the study’s conclusion that osteoporosis may increase the risk
of RA, highlighting the importance of bone health in preventing or mitigating the onset of arthritis.

At the genetic level, our research indicates that the development of OP can lead to joint damage and destruction.
Recently, two BMD-related Wnt16 gene SNPs (152707466 and rs2908004) were found to be associated with hip and knee
osteoarthritis phenotypes in Caucasian patients in a gender-dependent manner, which may impact RA development.*'**
Over the past decade, Wntl6, a member of the Wnt family, has been widely studied for its close association with bone
mineral density, cortical bone thickness, bone strength, and osteoporosis fracture risk.** Notably, local Wnt16 treatment
has been shown to alleviate osteoarthritis, inhibit bone resorption, and promote new bone formation in bone defect
models.** > Wnt16 is now a potential therapeutic target for skeletal diseases and osteoarthritis.*® Our study underscores
the significance of genetic factors, particularly the Wnt16 gene variants, in the relationship between osteoporosis and RA.
Wntl6 gene variants are known to be associated with bone mineral density and osteoarthritis, suggesting that osteo-
porosis might contribute to the development of RA through genetic mechanisms involving Wntl6. This genetic link
provides a potential pathway by which bone health can influence joint health and the progression of rheumatoid arthritis.
In recent years, an increasing number of studies have highlighted the RANK/RANKL/OPG axis as an important pathway
for regulating bone remodeling. Dysfunction of this pathway leads to an imbalance between bone formation and
resorption, resulting in osteolytic lesions and structural abnormalities. The RANK/RANKL/OPG signaling pathway is
a key regulator of several critical aspects of osteoarthritis, including cartilage degradation, abnormal bone remodeling,
and synovial inflammation, playing an essential role in the pathogenesis and progression of osteoarthritis.*’ This further
supports the possibility that osteoporosis may have an impact on the development of rheumatoid arthritis (RA).

While our study found no direct genetic causality from RA to osteoporosis, it proposes that RA may lead to
osteoporosis through secondary effects. RA patients may suffer significant pain, stiffness, and loss of mobility, which
undoubtedly leads to disuse osteoporosis.*’ In addition to mechanical factors, RA patients may develop medication-
induced osteoporosis, especially due to long-term use of nonsteroidal anti-inflammatory drugs and glucocorticoids, which
cause gastrointestinal side effects leading to reduced intake and impaired nutrient absorption.*® This highlights the need
for a comprehensive approach to managing RA that considers its potential impact on bone health.

However, this work is not perfect with some limitations to be mentioned here. First, we did not perform a stratified
analysis of the causal effect of gender on the association between osteoporosis and RA. Moreover, the study’s focus on
a population of European descent may limit the applicability of its findings to other ethnic groups, underscoring the need
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for further research in more diverse populations. Third, the age-based BMD groups, where the sample size for certain
SNPs may be small, potentially reducing statistical power.

In conclusion, Our study suggests a potential causal relationship between osteoporosis and RA, suggesting that
osteoporosis may predispose individuals to RA. Further research is needed to understand the mechanisms and to confirm
these findings across diverse populations.

Data Sharing Statement

Publicly available datasets were analyzed in this study. This data can be found at: All GWAS summary statistics can be
downloaded from open GWAS for exposures (https://gwas.mrcieu.ac.uk/), GWAS catalog (https://www.ebi.ac.uk/gwas/
and https://data.bris.ac.uk/).

Ethical Statement

In accordance with Article 32 of the Measures for Ethical Review of Life Science and Medical Research Involving
Human Subjects dated February 18, 2023, China, this study is exempt from ethical review as it meets the following
criteria: (1) The data used pose no harm to human subjects; (2) The research involves neither sensitive personal
information nor commercial interests; (3) All datasets were obtained from publicly accessible and legally compliant
databases.

Acknowledgments
We would like to sincerely thank the original GWASs and the related consortiums for sharing and managing the summary
statistics.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding
No specific funding was received from any funding bodies in the public, commercial or not-for-profit sectors to carry out
the work described in this manuscript.

Disclosure
The authors declare no conflicts of interest in this work.

References

1. Smolen JS, Aletaha D, Mclnnes IB. Rheumatoid arthritis. Lancet. 2016;388(10055):2023-2038. PMID: 27156434.doi:10.1016/S0140-6736(16)
30173-8
2. Radu AF, Bungau SG. Management of rheumatoid arthritis: an overview. Cells. 2021;10(11):2857. doi:10.3390/cells10112857
3. Coskun Benlidayi I, Alexanderson H, Gupta L. Unveiling the elevated risk of osteoporosis and fractures in idiopathic inflammatory myopathies:
emphasizing awareness of modifiable risk factors. Int J Rheum Dis. 2024;27(12):¢15451. PMID: 39641511.doi:10.1111/1756-185X.15451
4. Song S, Cai X, Hu J, et al. Effectiveness of spironolactone in reducing osteoporosis and future fracture risk in middle-aged and elderly hypertensive
patients. Drug Des Devel Ther. 2024;18:2215-2225. doi:10.2147/DDDT.S466904 eCollection 2024. PMID: 38882049.
. Song S, Cai X, Hu J, et al. Plasma aldosterone concentrations elevation in hypertensive patients: the dual impact on hyperuricemia and gout. Front
Endocrinol. 2024;15:1424207. doi:10.3389/fendo.2024.1424207 eCollection 2024. PMID: 39140032.
6. Guo Q, Wang Y, Xu D, Nossent J, Pavlos NJ, Xu J. Rheumatoid arthritis: pathological mechanisms and modern pharmacologic therapies. Bone Res.
2018;6(1):15. PMID: 29736302 PMCID: PMC5920070.d0i:10.1038/s41413-018-0016-9
7. Song S, Cai X, Hu J, et al. Correlation between plasma aldosterone concentration and bone mineral density in middle-aged and elderly hypertensive
patients: potential impact on osteoporosis and future fracture risk. Front Endocrinol. 2024;15:1373862. doi:10.3389/fend0.2024.1373862 eCollection
2024. PMID: 38808106.
. Hunter TM, Boytsov NN, Zhang X, Schroeder K, Michaud K, Araujo AB. Prevalence of rheumatoid arthritis in the United States RAult population
in healthcare claims databRAes, 2004-2014. Rheumatol Int. 2017;37(9):1551-1557.PMID:28455559. doi:10.1007/s00296-017-3726-1

W

oo

Orthopedic Research and Reviews 2025:17 hetps: 155


https://gwas.mrcieu.ac.uk/
https://www.ebi.ac.uk/gwas/
https://data.bris.ac.uk/
https://doi.org/10.1016/S0140-6736(16)30173-8
https://doi.org/10.1016/S0140-6736(16)30173-8
https://doi.org/10.3390/cells10112857
https://doi.org/10.1111/1756-185X.15451
https://doi.org/10.2147/DDDT.S466904
https://doi.org/10.3389/fendo.2024.1424207
https://doi.org/10.1038/s41413-018-0016-9
https://doi.org/10.3389/fendo.2024.1373862
https://doi.org/10.1007/s00296-017-3726-1

Li et al

9.

10.

11

12.
13.

20.

21.

22.

23.

24.
25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Wysham KD, Baker JF, Narla R. Osteoporosis and fractures in rheumatoid arthritis - risk factors. Best Pract Res Clin Rheumatol. 2022;36
(3):101757. Epub 2022 Jun 21. PMID: 35739049.doi:10.1016/j.berh.2022.101757

Song S, Cai X, Hu J, et al.Serum uric acid and bone health in middle-aged and elderly hypertensive patients: a potential u-shaped association and
implications for future fracture risk. Metabolites. 2025. 15;(1):15. PMID: 39852358

. Anam AK, Insogna K. Update on osteoporosis screening and management. Med Clin North Am. 2021;105(6):1117-1134. PMID:3468841.

doi:10.1016/j.mcna.2021.05.016

Reginster J-Y, Burlet N, Clohisy DR. Osteoporosis: a still increRAing prevalence. Bone. 2006;38(1):4-9. doi:10.1016/j.bone.2005.11.024

Lane NE. Epidemiology, etiology, and diagnosis of osteoporosis. 4m J Obstet Gynecol. 2006;194(2 Suppl):S3—11. PMID: 16448873.doi:10.1016/;.
ajog.2005.08.047

. MacGregor AJ, Snieder H, Rigby RA, et al. Characterizing the quantitatlVse genetic contribution to rheumatoid arthritis using data from twins.

Arthritis Rheum. 2000;43(1):30-37. 19.PMID: 10643697.doi:10.1002/1529-0131(200001)43:1<30::AID-ANR5>3.0.CO;2-B

. Terao C, Ikari K, NakayamRAa S, et al. A twin study of rheumatoid arthritis in the Japanese population. Mod Rheumatol. 2016;26(5):685—689.

PMID: 26727555.d0i:10.3109/14397595.2015.1135856

. loannidis JP, Ng MY, Sham PC, et al. Metaanalysis of genome-wide scans provides evidence for sex- and site-specific regulation of bone mRAs.

J Bone Miner Res. 2007;22(2):173-183. PMID:17228994.doi:10.1359/jbmr.060806

. Richards JB, Zheng HF, Spector TD. Genetics of osteoporosis from genome-wide RAsociation studies: rAvances and challenges. Nat Rev Genet.

2012;13(8):576-588. PMID:22805710.doi:10.1038/nrg3228

. OkRAa Y, Wu D, Trynka G, et al.; and RACI consortium, and GARNET consortium. Genetics of rheumatoid arthritis contributes to biology and

drug discovery. Nature. 2014;506(7488):376-381. PMID:24390342. doi:10.1038/nature12873

. Corvaisier M, Delneste Y, Jeanvoine H, et al. IL-26 is overexpressed in rheumatoid arthritis and induces proinflammatory cytokine production and

Th17 cell generation. PLoS Biol. 2012;10(9):¢1001395. PMID:23055831.doi:10.1371/journal.pbio.1001395

Giiler-Yiiksel M, Bijsterbosch J, Goekoop-Ruiterman YP, et al. Bone mineral density in patients with recently diagnosed, actlVse rheumatoid
arthritis. Ann Rheum Dis. 2007;66(11):1508—1512. PMID:17456523.d0i:10.1136/ard.2007.070839

Theander L, Willim M, Nilsson JA, et al. Changes in bone mineral density over 10 years in patients with early rheumatoid arthritis. RMD Open.
2020;6(1):¢001142. PMID: 32519976.doi:10.1136/rmdopen-2019-001142

Giiler-Yiiksel M, Bijsterbosch J, Goekoop-Ruiterman YP, et al. Changes in bone mineral density in patients with recent onset, actlVse rheumatoid
arthritis. Ann Rheum Dis. 2008;67(6):823-828. PMID:17644545.doi:10.1136/ard.2007.073817

A M, Lohan D, Bergin D, et al. The prevalence of vertebral fracture on vertebral fracture RAsessment imaging in a large cohort of patients with
rheumatoid arthritis. Rheumatology. 2014;53(5):821-827. PMID:24249032.d0i:10.1093/rheumatology/ket353

Emdin CA, Khera AV, Kathiresan S. Mendelian Randomization. JAMA. 2017;318(19):1925-1926. doi:10.1001/jama.2017.17219

Hartwig FP, Borges MC, Horta BL, Bowden J, Davey Smith G. Inflammatory biomarkers and risk of schizophrenia: a 2-sample Mendelian
randomization study. JAMA Psychiatry. 2017;74(12):1226-1233. doi:10.1001/jamapsychiatry.2017.3191

Scheltens P, De Strooper B, KIVsipelto M, et al. Alzheimer’s diseRAe. Lancet Lond Engl. 2021;397(10284):1577-1590. doi:10.1016/S0140-
6736(20)32205-4

Hemani G, Zheng J, Elsworth B, et al. The MR-bRAe platform supports systematic causal inference across the human phenome. eLife. 2018:7:
€34408. 10.7554/elife.34408.

Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid instruments: effect estimation and biRA detection through egger
regression. Int J Epidemiol. 2015;44(2):512-525. doi:10.1093/ije/dyv080

Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estimation in Mendelian randomization with some invalid instruments using
a weighted median estimator. Genet Epidemiol. 2016;40(4):304-314. doi:10.1002/gepi.21965

Burgess S, Thompson SG. Interpreting findings from Mendelian randomization using the MR-egger method. Eur J Epidemiol. 2017;32(5):377-389.
doi:10.1007/510654-017-0255-x

Verbanck M, Chen C-Y, Neale B, Do R. Detection of widespreRA horizontal pleiotropy in causal relationships inferred from Mendelian
randomization between complex traits and diseRAes. Nat Genet. 2018;50(5):693—-698. doi:10.1038/s41588-018-0099-7

Kleyer A, Finzel S, Rech J, et al. Bone loss before the clinical onset of theumatoid arthritis in subjects with anticitrullinated protein antibodies. Ann
Rheum Dis. 2014;73(5):854-860. doi:10.1136/annrheumdis-2012-202958

Amkreutz JAMP, de Moel EC, Theander L, et al. Association between bone mineral density and autoantibodies in patients with rheumatoid
arthritis. Arthritis Rheumatol. 2021;73(6):921-930. PMID: 33314699 matoid arthritis.doi:10.1002/art.41623

Van der Heijde DM. Joint erosions and patients with early rheumatoid arthritis. Br J Rheumatol. 1995;34:74-78. PMID: 8535653.

Hetland ML, Ejbjerg B, Heorslev-Petersen K, et al. MRI bone oedema is the strongest predictor of subsequent rRAiographic progression in early
rheumatoid arthritis. results from a 2-year randomised controlled trial (CIMESTRA). Ann Rheum Dis. 2009;68(3):384-390.11.PMID: 18388160.
doi:10.1136/ard.2008.088245

Haavardsholm EA, Boyesen P, Ostergaard M, et al. Magnetic resonance imaging findings in 84 patients with early rheumatoid arthritis: bone
marrow oedema predicts erosIVse progression. Ann Rheum Dis. 2008;67(6).12. PMID: 17981915. doi:10.1136/ard.2007.071977

Boyesen P, Haavardsholm EA, van der Heijde D, et al. Prediction of MRI erosIVse progression: a comparison of modern imaging modalities in
early rheumatoid arthritis patients. Ann Rheum Dis. 2011;70(1):176—179.13. PMID: 21068093. doi:10.1136/ard.2009.126953

McQueen FM, Benton N, Crabbe J, et al. What is the fate of erosions in early rheumatoid arthritis? Tracking indIVsidual lesions using x rays and
magnetic resonance imaging over the first two years of diseRAe. Ann Rheum Dis. 2001;60(9):859-868. [PMID: 11502613 PMCID: PMC1753833].
doi:10.1016/S0003-4967(24)43386-4

Harre U, Georgess D, Bang H, et al. Induction of osteocIRAtogenesis and bone loss by human autoantibodies against citrullinated vimentin. J Clin
Invest. 2012;122(5):1791-1802.PMID: 22505457 PMCID: PMC3336988. doi:10.1172/JC160975

Meer E, ThrRAtardottir T, Wang X, et al. Risk factors for diagnosis of psoriatic arthritis, psoriRAis, rheumatoid arthritis, and ankylosing
spondylitis: a set of parallel cRAe-control studies. J Rheumatol. 2021;49(1):53-59. doi:10.3899/jrheum.210006

Garcia-Ibarbia C, Neila S, Garces C, et al. Non-synonymous WNT16 polymorphisms alleles are associated with different osteoarthritis phenotypes.
Rheumatol Int. 2017;37(10):1667-1672. doi:10.1007/s00296-017-3783-5

156 htps: Orthopedic Research and Reviews 2025:17


https://doi.org/10.1016/j.berh.2022.101757
https://doi.org/10.1016/j.mcna.2021.05.016
https://doi.org/10.1016/j.bone.2005.11.024
https://doi.org/10.1016/j.ajog.2005.08.047
https://doi.org/10.1016/j.ajog.2005.08.047
https://doi.org/10.1002/1529-0131(200001)43:1%3C30::AID-ANR5%3E3.0.CO;2-B
https://doi.org/10.3109/14397595.2015.1135856
https://doi.org/10.1359/jbmr.060806
https://doi.org/10.1038/nrg3228
https://doi.org/10.1038/nature12873
https://doi.org/10.1371/journal.pbio.1001395
https://doi.org/10.1136/ard.2007.070839
https://doi.org/10.1136/rmdopen-2019-001142
https://doi.org/10.1136/ard.2007.073817
https://doi.org/10.1093/rheumatology/ket353
https://doi.org/10.1001/jama.2017.17219
https://doi.org/10.1001/jamapsychiatry.2017.3191
https://doi.org/10.1016/S0140-6736(20)32205-4
https://doi.org/10.1016/S0140-6736(20)32205-4
https://doi.org/10.7554/elife.34408
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1007/s10654-017-0255-x
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1136/annrheumdis-2012-202958
https://doi.org/10.1002/art.41623
https://doi.org/10.1136/ard.2008.088245
https://doi.org/10.1136/ard.2007.071977
https://doi.org/10.1136/ard.2009.126953
https://doi.org/10.1016/S0003-4967(24)43386-4
https://doi.org/10.1172/JCI60975
https://doi.org/10.3899/jrheum.210006
https://doi.org/10.1007/s00296-017-3783-5

Li et al

42.

43.

44,

45.

46.

47.

48.

Tong W, Zeng Y, Chow DHK, et al. Wntl16 attenuates osteoarthritis progression through a PCP/JNK-mTORC1-PTHrP cRAcRAe. Ann Rheum Dis.
2019;78(4):551-561.PMID: 30745310. doi:10.1136/annrheumdis-2018-214200

Qu X, Liao M, Liu W, et al. Loss of Wnt16 leads to skeletal deformities and downregulation of bone developmental pathway in zebrafish. Int J mol
Sci. 2021;22(13):6673. doi:10.3390/ijms22136673

Huang Y, Jiang LF, Yang HY, et al. Variations of wnt/beta-catenin pathway-related genes in susceptibility to knee osteoarthritis: a three-centre
case-control study. J Cell mol Med. 2019;23(12):8246-8257. doi:10.1111/jcmm.14696

Nalesso G, Thomas BL, Sherwood JC, et al. WNT16 antagonises excessive canonical WNT activation and protects cartilage in osteoarthritis. Ann
Rheum Dis. 2017;76(1):218-226. doi:10.1136/annrheumdis-2015-208577

Ye X, Liu X. Wntl6 signaling in bone homeostRAis and osteoarthristis. Front Endocrinol(Lausanne) . 2022;13:1095711. doi:10.3389/
fendo.2022.1095711

Di Cicco G, Marzano E, Mastrostefano A, et al. The pathogenetic role of RANK/RANKL/OPG signaling in osteoarthritis and related targeted
therapies. Biomedicines. 2024;12(10):2292. [PMID: 39457605]. doi:10.3390/biomedicines12102292

Santos L, Elliott-Sale KJ, Sale C. Exercise and bone health across the lifespan. Biogerontology. 2017;18(6):931-946. doi:10.1007/s10522-017-
9732-6

Orthopedic Research and Reviews Dovepre SS
Taylor & Francis Group

Publish your work in this journal

Orthopedic Research and Reviews is an international, peer-reviewed, open access journal that focusing on the patho-physiology of the
musculoskeletal system, trauma, surgery and other corrective interventions to restore mobility and function. Advances in new technologies,
materials, techniques and pharmacological agents are particularly welcome. The manuscript management system is completely online and
includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/orthopedic-research-and-reviews-journal

Orthopedic Research and Reviews 2025:17 [ £] X in a 157


https://doi.org/10.1136/annrheumdis-2018-214200
https://doi.org/10.3390/ijms22136673
https://doi.org/10.1111/jcmm.14696
https://doi.org/10.1136/annrheumdis-2015-208577
https://doi.org/10.3389/fendo.2022.1095711
https://doi.org/10.3389/fendo.2022.1095711
https://doi.org/10.3390/biomedicines12102292
https://doi.org/10.1007/s10522-017-9732-6
https://doi.org/10.1007/s10522-017-9732-6
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Study Design and Data Sources
	Genetic Instrument Selection
	MR Analysis
	Statistical Significance

	Results
	Effect of Bone Mineral Density at Different Sites on RA
	Effect of Bone Mineral Density at Different Ages on RA
	Effect of RA on Bone Mineral Density at Different Sites
	Effect of RA on Bone Mineral Density at Different Ages

	Discussion
	Data Sharing Statement
	Ethical Statement
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

