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Backgrounds

Epidemiological studies have repeatedly investigated the association between obesity related anthropometric indicators and body compositions and osteoarthritis (OA). However, the results have remained inconsistent. This work aimed to investigate the genetic correlation and causal associations of obesity related anthropometric indicators and body compositions with knee and hip OA.



Methods

Single-nucleotide polymorphisms associated with the exposures were searched from the recent genome-wide association studies (GWAS) to obtain full statistics. Summary-level results of knee and hip OA were from the UK Biobank and arcOGEN. First, linkage disequilibrium score regression (LD score regression) was applied to detect the genetic correlation (rg). We further performed a series of sensitivity analyses as validation of primary mendelian randomization (MR) results and the specific evidence of potential causal effects was defined.



Results

We found that genetic components in OA had significant correlation with obesity related traits, except waist-to-hip ratio. In the univariable MR analysis, with the exception of waist-to-hip ratio, obesity related anthropometric indicators were causally associated with increased risks of knee and hip OA. For obesity related body compositions, higher fat-free mass in arm, leg, and whole body increased the risk of knee OA but only fat-free mass in leg showed a significant association with hip OA. Meanwhile trunk fat mass and trunk fat percentage, were associated with knee but not with hip OA. Higher fat mass, and fat percentage in arm, leg, and whole body increased the risk of both knee and hip OA. After adjusting for BMI, the multivariable MR showed maintained results in knee OA. However, in hip OA, only fat mass and fat-free mass in arm, leg, trunk and whole body were significantly associated with the risk of hip OA.



Conclusion

The present study suggests genetic evidence for certain causal associations of obesity related anthropometric indicators and body compositions with knee and hip OA, which may provide important insights for the prevention and treatment on OA.
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1 Introduction

Osteoarthritis (OA) is a common disabling disease. With the comprehensive impacts of the aging and the increasing of obesity in the global population, an estimated 250 million people around the world are affected by OA, which brings a huge and increasing health burden to the society. Clinically, osteoarthritis most often occurs in the knee, followed by the hand and hip (1).

Genome-wide association study (GWAS) is a research method used to identify genomic variants associated with the risk of a disease or a specific trait. Recent GWAS have identified some statistically independent risk variants, which explain a small proportion of the phenotypic variance and are mainly related to osteoarthritis affecting the knee and hip joints (2). The heritability of osteoarthritis is about 50% and a total of 21 loci, spanning hip and knee OA, have been identified in previous genetic studies (3).

Obesity and osteoarthritis are two interrelated health care problems. It is estimated that by 2030, the increasing weight among population will result in nearly 1.3 billion adults being considered overweight and 573 million classified as obese (4, 5). Epidemiological studies showed that obesity was one of the main risk factors of knee OA (6, 7), and more contradictory results were found in the association of hip OA (8–11). At present, a large number of epidemiological studies explored the relationship between body mass index(BMI), a surrogate marker for adiposity, and OA, but there is relatively little evidence on the association between body compositions (fat mass and fat-free mass) and the risk of OA. What’s more, BMI is not an exclusive measure of adiposity though, but rather reflects the composite of fat, muscle and bone mass (6). Meanwhile, observational studies are commonly susceptible to confounding factors, reverse causality, limited follow-up time and small samples, which may lead to erroneous conclusions.

Although Randomized Controlled Trials (RCTs) are gold standard for causality inference, they are often prohibitively expensive or ethically restrictive (12). Recently, many robust causal inference methods have emerged, which could overcome the limitations of observational research. As one of the most popular genetic correlation analysis methods (13), linkage disequilibrium score regression (LDSC) can evaluate the genetic correlation (rg) between obesity and osteoarthritis, though it is hard to determine the causal relationship between them. Mendelian randomization (MR) analysis, which uses genetic variations as instrument variables (IVs), can be used to investigate the causal relationship between exposure and outcome. Since inheritance of genetic variants is random at conception and is accordingly unaffected by environmental factors or disease process, MR is less susceptible to bias from confounding factors and reverse causality (14). In our study, we used the genome-wide significant single nucleotide polymorphisms (SNPs) retrieved from the large-scale genome-wide association studies as IVs, aiming to investigate the genetic correlation and causal associations of obesity related anthropometric indicators and body compositions with knee and hip OA through LD score regression and two-sample MR analysis. Anthropometric indicators of obesity include: weight, BMI, obesity class (I II III), waist circumference (WC), hip circumference (HC) and waist-to-hip ratio (WHR). Body compositions includes: arm fat mass (AFM), arm fat-free mass (AFFM), arm fat percentage (AFP), leg fat mass (LFM), leg fat-free mass (LFFM), leg fat percentage (LFP), trunk fat mass (TFM), trunk fat-free mass (TFFM), trunk fat percentage (TFP), whole body fat mass (WBFM), whole body fat-free mass (WBFFM) and body fat percentage (BFP).



2 Materials and methods


2.1 Study design

In this study, first, we used the cross-trait LDSC method as implemented in LDHub (15) (https://github.com/bulik/ldsc) to estimate the genetic correlation between anthropometric indicators, body compositions and knee (and/or hip) osteoarthritis. Then we used univariable two-sample MR analysis to evaluate the causal relationship between exposures and outcomes. The exposure variables were divided into anthropometric indicators and body compositions of obesity, while knee OA, hip OA and knee or hip OA were classified as outcome. In order to obtain impartial results, three hypotheses of MR must be met: (a) the genetic IVs should be highly correlated with exposure; (b) there is no confounding of the instrument-outcome association; (c) the genetic IVs affected the outcome only through exposure but not through other biological pathways (16). Therefore, the genome-wide significance SNPs (p ≤5×10-8) were used as instrumental variables, and then a series of sensitivity analyses were carried out, including four MR methods (MR-Egger, weighted median, inverse-variance weighted and weighted mode), as well as heterogeneity and horizontal pleiotropy tests (such as Cochran’s Q test, MR-Egger intercept test and MR-PRESSO test) to verify our results. Bidirectional mendelian randomization analysis and MR Steiger test were performed to estimate the potential reverse causal impact of obesity on knee and hip OA. For the purpose of assessing whether the causal impact of other obesity-related characteristics on the outcomes were mediated by BMI, we adjusted each anthropometric indicator and body composition with BMI for multivariable MR analysis by multivariable inverse-variance weighted method (MV-IVW) (17). Finally, we calculated the proportion of BMI’s effect on knee and hip OA mediated by other obesity-related traits with a mediation analysis (18). The whole workflow of MR analysis were shown in Figure 1.




Figure 1 | The whole workflow of MR analysis. MR, Mendelian randomization; GWAS, genome-wide association studies; SNPs, single nucleotide polymorphisms; MAFs, minor allele frequencies; IVW, inverse-variance weighted.





2.2 Data sources

All analyses were based on publicly shared databases and no additional ethical approvals were required. Participants in the genome-wide association study were of European descent on all variables.

Anthropometric indicators of obesity were obtained from the summary statistics of the Genetic Investigation of Anthropometric Traits (GIANT) consortium. A meta-analysis of GWAS using data up to 263407 individuals of European ancestry from 51 studies participating in the GIANT consortium, subdivided indicators into obesity class I (n = 98697), class II (n = 72546) and class III (n = 50364) (19). Summary-level GWAS data for waist to hip ratio (n = 224452), waist circumference (n = 134593), and hip circumference (n = 127997) were acquired from a meta-analysis of 224459 individuals of European ancestry from the GIANT consortium (20). Summary-level data for weight (n = 73137) and BMI (n = 51852) were obtained from previous large-scale GWAS, including male and female participants from European population (21).

Genetic associations with the body compositions of obesity were obtained from summary statistics from the MRC-IEU and Neale Lab. Data of arm fat mass (n = 454757), arm fat-free mass (n = 454753), leg fat mass (n = 454846), leg fat-free mass (n = 454835), leg fat percentage (n = 454826) and body fat percentage (n = 454633) obtained from males and females of European ancestry from the MRC-IEU consortium. While statistics of arm fat percentage (n = 331249), trunk fat mass (n = 331093), trunk fat-free mass (n = 331030), trunk fat percentage (n = 331113), whole body fat mass (n = 330762) and whole-body fat-free mass (n = 331291) were acquired from the Neale Lab consortium (http://www.nealelab.is/blog/2017/7/19/rapid-gwas-of-thousands-of-phenotypes-for-337000-samples-in-the-uk-biobank).

The aggregated data on osteoarthritis was from a large meta-analysis of GWAS with 455221 individuals contained both males and females from the UK Biobank and arcOGEN (2). 24955 patients with knee OA, 15704 patients with hip OA, 39427 patients with knee or hip OA and 378169 control participants from the European population were included in the study.

Some of our exposure data among body compositions of obesity were also from the UK Biobank. Sample overlap may be biased in the direction of the observational association between the risk factor and outcome (22). However, a recent study (23) had shown that for one single large dataset, such as the UK Biobank, main two-sample MR methods can be safely used, except MR-Egger. In addition, we calculated the value of I2 GX (24) of these overlapped sample (Supplementary Table 1). Large I2 GX value (more than 90%) showing a strong genetic variant–exposure associations. In the case of very high variability in instrument strength of different variants, the bias from MR-Egger was greatly reduced (24). Meanwhile, we used a recently developed MR method, MRlap, that is robust to bias introduced by sample overlap, winner’s curse and weak instruments. MRlap revealed almost identical results compared to our primary analysis (Supplementary Table 1), suggesting sample overlap may not substantially bias estimates (25). Finally, we used MR-PRESSO (Mendelian Randomization Pleiotropy RESidual Sum and Outlier) method to detect outliers and MV-IVW for multivariable MR analysis, since they are variations based on the IVW method, it could be safely used (23, 26).



2.3 Genetic instruments selection

We screened the single nucleotide polymorphisms (SNPs) according to following procedures: (1) a genome-wide significance threshold was adopted (p ≤5×10-8); (2) SNPs with minor allele frequencies (MAFs) less than 0.05 were excluded; (3) SNPs with mismatched alleles (i.e., C/T and C/A) were excluded; (4) palindromic variants with equivocal strands (i.e., C/G or A/T) were excluded; (5) In Plink, lead SNPs with parameters (window size= 10000 kb, r2< 0.001) were clumped from the genetic variation selected above.



2.4 Statistical analysis

We calculated the F statistic of SNPs to measure the intensity of IVs. IVs with F statistics < 10 were excluded.

The inverse-variance weighted method (IVW) was used as the main analysis, which is considered as a method to provide the most accurate estimation when all IVs are effective. MR-Egger regression, weighted median and weighted model were used for sensitivity analysis. Cochran’s Q-test was used to test the heterogeneity of IVW estimates. The pleiotropy was detected by MR-Egger intercept test (p for intercept < 0.05). We also performed MR-PRESSO method, including global, outlier and distortion tests, to detect and correct pleiotropy and potential outliers (27). A recently developed MR method was performed to correct the bias introduced by sample overlap (25). Meanwhile, the direction of causality is inferred based on the Steiger test (28).

We defined the evidence of potential causal effects when the following criteria were met: after Bonferroni correction, the MR results of IVW passed the multiple comparisons adjusted p value <0.0025 (0.05/20); The remaining MR methods showed similar size and direction to IVW (p <0.05 in weighted medium and weighted mode, as well as MR-Egger showed a similar effect size); There was no evidence of heterogeneity and level pleiotropy after exclusion of potential outliers. Funnel plots and scatter plots of MR analysis were used to visually assess level pleiotropy and heterogeneity (Supplementary Figure 1-120). MR and other analysis were performed in R (version 4.0.3) using R software packages “two-sample MR”, “Mendelian Randomization”, “MRlap” and “MR-PRESSO”. p values were bilateral, and p value < 0.05 is considered to be suggestively significant for the remaining methods (except IVW).




3 Results


3.1 Genetic correlation and genetic instruments

The characteristics of the SNPs for the exposures and outcomes are showed in Tables 1, 2. First, the GWAS summary data of obesity related parameters and OA were used for genetic correlation analysis, and we found that osteoarthritis genetic components had significant correlation with obesity related traits (rg >0, p ≤0.05), except WHR (Figure 2; Table 3). Then, as genetic instruments we selected related SNPs. Summary statistics of instrumental SNPs as genetic instrumental variables were presented in Table 1 and Supplementary Table 2. The average values of F statistic are shown in Table 1. F statistic < 10 was considered as weak IV and was excluded.


Table 1 | Overview of genome-wide association studies used in the analyses for the exposures and characteristics of the Single Nucleotide Polymorphisms (SNPs) considered as instrumental variables.




Table 2 | Overview of genome-wide association studies used in the analyses for the outcomes.






Figure 2 | Heat map of genetic correlations between knee and hip osteoarthritis and 20 obesity traits grouped in 2 categories from GWAS consortia.




Table 3 | Genetic correlation between obesity related anthropometric indicators and body compositions and knee and hip arthritis.





3.2 Univariable mendelian randomization


3.2.1 Causal effects of anthropometric indicators and body compositions of adiposity on knee OA

As shown in Figure 3, in the univariable MR of knee OA, the genetically predicted BMI was significantly correlated with knee OA. For the 1-SD increase in BMI level, the odds ratios were 1.09 (p = 9.09 × 10-8) for knee OA with the IVW method. The remaining MR methods showed consistent size and direction to IVW. Among other anthropometric indicators of obesity, genetic prediction of weight (OR: 1.66; p value: 2.35×10-7), obesity class I (OR: 1.17; p value: 3.57×10-8), obesity class II (OR: 1.15; p value: 9.62×10-15) and obesity class III (OR: 1.11; p value: 3.45×10-6), WC (OR: 1.53; p value: 6.01×10-9) and HC (OR: 1.57; p value: 1.54×10-9) were associated with the risk of knee OA, except WHR (OR: 0.87; p value: 0.39).




Figure 3 | Effects of obesity-related exposures on knee OA. Results from univariable MR analyses showing the effects of genetic predicted obesity related anthropometric indicators and body compositions on knee OA with IVW, MR-Egger, weighted median, and weighted mode methods.



MRlap were performed since the sample overlap. Supplementary Table 1 showed the preliminary analysis results of genetic prediction levels of body compositions of adiposity (increased 1-SD) and knee OA risk. In the MRlap analysis, genetically raised AFM (OR: 2.17; p value: 2.81×10-65), AFFM (OR: 1.82; p value: 6.91×10-16), AFP (OR: 2.33; p value: 3.77×10-26), LFM (OR: 2.54; p value: 3.03×10-54), LFFM (OR: 1.87; p value: 8.41×10-18), LFP (OR: 3.38; p value: 2.52×10-49), TFM (OR: 1.75; p value: 1.02×10-19), TFP (OR: 1.92; p value: 2.78×10-21), WBFM (OR: 1.92; p value: 1.37×10-34), WBFFM (OR: 1.67; p value: 9.08×10-13) and BFP (OR: 2.39; p value: 1.09×10-37) were associated with increased knee OA risk.



3.2.2 Causal effects of anthropometric indicators and body compositions of adiposity on hip OA

In Figure 4, the genetically predicted BMI was predicted to increase risk of hip OA (OR: 1.12; p value: 7.79×10-9). Consistent results were also observed for other obesity-related measures, such as waist circumference (OR: 1.54; p value: 3.90×10-7) and hip circumference (OR: 1.62; p value: 1.00×10-4).




Figure 4 | Effects of obesity-related exposures on hip OA. Results from univariable MR analyses showing the effects of genetic predicted obesity related anthropometric indicators and body compositions on hip OA with IVW, MR-Egger, weighted median, and weighted mode methods.



For body compositions of adiposity, AFM (OR: 1.66; p value: 8.39×10-24), AFP (OR: 1.71; p value: 5.51×10-11), LFM (OR: 1.74; p value: 3.62×10-19), LFFM (OR: 1.68; p value: 3.39×10-11), LFP (OR: 1.88; p value: 5.43×10-10), WBFM (OR: 1.57; p value: 1.48×10-14), BFP (OR: 1.58; p value: 7.98×10-8) all showed significant associations with risk of hip OA in MRlap analysis. Higher levels of these factors were associated with increased risk of hip OA.



3.2.3 Causal effects of anthropometric indicators and body compositions of adiposity on knee or hip OA

In Figure 5, the IVW method determined that BMI is associated with knee or hip OA risk (OR 1.10; p = 2.37 × 10-14), suggesting that each 1-SD increment in body mass index was predicted to increase risk of knee or hip OA by 1.10. Except for TFP and WHR, the other exposures showed significant correlation with knee or hip OA risk.




Figure 5 | Effects of obesity-related exposures on knee or hip OA. Results from univariable MR analyses showing the effects of genetic predicted obesity related anthropometric indicators and body compositions on knee or hip OA with IVW, MR-Egger, weighted median, and weighted mode methods.





3.2.4 Sensitivity analysis

As a further test of the robustness of our findings across MR methodologies, we performed sensitivity analysis and the results were shown in Figures 3–5 and Supplementary Table 2. MRlap revealed almost identical results compared to our primary analysis (Supplementary Table 1). The results from MR sensitivity analysis methods were consistent with those of IVW (p < 0.05 in weighted median and weighted mode, and MR-Egger showed a similar effect size). Although the MR-Egger method in hip circumference in knee OA (OR: 1.68; p value: 6.72×10-2), weight in knee OA (OR: 2.20; p value: 7.44×10-2), hip circumference in hip OA (OR: 2.24; p value: 8.86×10-2) and obesity class 2 in hip OA (OR: 1.25; p value: 5.54×10-2) was not statistically significant, this method is mainly used to detect possible pleiotropic effects in our study.

On knee OA, possible heterogeneity and pleiotropic effects were detected (Supplementary Table 3). Cochran’s Q-test showed that the MR results of AFM, AFFM, AFP, LFM, LFFM, LFP, WBFM, WBFFM, BFP, TFP, TFM, TFFM, weight and WHR were heterogeneous (p <0.05). Except AFFM, WBFFM and TFFM, there was no horizontal pleiotropy as assessed by the MR-Egger intercept test (p intercept > 0.05). Outliers were detected by the MR-PRESSO method, but no significant differences between the casual estimates before and after correction for outliers were found, and p values were >0.05 for distortion tests. On hip OA, these association were maintained after Bonferroni correction for multiple testing (p < 0.05/20 = 2.5 × 10−3). MR-PRESSO identified outliers and provided revised estimates. After removing the abnormal SNPs, the recalculated MR estimates were similar to the results above (Supplementary Table 3). On knee or hip OA, results remained consistent after MR-PRESSO correction for outliers (Supplementary Table 3). Funnel plots and scatter plots of MR analysis were used to visually assess level pleiotropy and heterogeneity (Supplementary Figures 1-120).



3.2.5 Bidirectional mendelian randomization

In the other direction, with genetic liability for knee and hip OA as exposures, we performed MR to explore the causal effect of knee and hip OA on obesity-related traits. After the multiple comparisons adjusted p value (0.05/20), across IVW method, we found no evidence of causal relationships of knee and hip OA with obesity-related traits (Supplementary Table 4). Besides, no evidence of reverse causality across the analyses in the MR Steiger test (Supplementary Table 4).



3.2.6 The Venn diagram

The Venn diagram of the univariable MR was shown in Figure 6 and Supplementary Table 5. The results showed that TFP was an independent risk factor for knee OA. BMI, weight, obesity class (I II III), WC, HC, AFM, AFP, LFM, LFFM, LFP, WBFM and BFP were common risk factors for knee and hip OA.




Figure 6 | The Venn diagram of the univariable MR on knee and hip OA. See also Table S5.






3.3 Multivariable mendelian randomization and mediation analysis

Due to the high relevance of the included obesity-related traits with BMI, we further used multivariable MR analysis to adjust the effects of these traits for BMI (Figures 7–9). The conditional F-statistics were shown in Supplementary Table 6. All the F-statistics were >10, implicating absence of weak instrument bias. Multivariable MR demonstrated that other obesity-related traits except WHR causally influenced knee OA even after controlling for BMI, supporting the results of our univariate MR models. In hip OA, after adjusting for BMI, only AFM, AFFM, LFM, LFFM, TFM, TFFM, WBFM, WBFFM were significantly associated with the risk of hip OA. Finally, we further calculated the proportion of BMI’s effect on the outcomes mediated by other obesity-related traits by using mediation analysis. The results showed that the effect of obesity-related traits was partially mediated by BMI (Supplementary Table 7).




Figure 7 | Effects of obesity-related exposures on knee OA adjusted for BMI. Results from multivariable MR analyses showing the effects of genetic predicted obesity related anthropometric indicators and body compositions on knee OA after adjusting for the effect of BMI, represented by red line.






Figure 8 | Effects of obesity-related exposures on hip OA adjusted for BMI. Results from multivariable MR analyses showing the effects of genetic predicted obesity related anthropometric indicators and body compositions on hip OA after adjusting for the effect of BMI, represented by red line.






Figure 9 | Effects of obesity-related exposures on knee or hip OA adjusted for BMI. Results from multivariable MR analyses showing the effects of genetic predicted obesity related anthropometric indicators and body compositions on knee or hip OA after adjusting for the effect of BMI, represented by red line.






4 Discussion

At present, many previous studies have attributed obesity (defined by BMI) to the pathogenesis of osteoarthritis (29). However, BMI is not an exclusive measure of adiposity though, but rather reflect the composite of fat, muscle and bone mass. Using the recent large-scale GWAS dataset to date, our study performed LD score regression and two-sample MR analysis to determine the genetic correlation and causal associations of obesity related anthropometric indicators and body compositions with knee and hip OA. We investigate whether osteoarthritis genetic components are shared with obesity related traits, and then significant genetic correlation are found. Besides, as shown in Figure 1 and Table 3, we find all the genetic correlations between obesity and knee osteoarthritis are higher than with hip osteoarthritis, such as BMI in knee OA (rg =0.36, p=1.11×10-20) and hip OA (rg=0.21, p=1.08×10-06).

It is well known that osteoarthritis is one of the most common clinical diseases. A number of reviews and clinical studies on the epidemiology of OA have been conducted in the past decades, which had a similar conclusion with our results that obesity has been considered as a risk factor for knee OA (29). However, the relationship between obesity defined by body mass index (BMI) and hip OA remains controversial in many cross-sectional and longitudinal studies. Some previous studies have shown that the association between obesity and hip OA is weak (1, 9, 10). However, recently a prospective cohort study has found that there is an independent association between weight gain and the diagnosis of hip OA (5), which is consistent with our result. In the subsequent studies, WC, HC and WHR were studied separately from BMI.

In addition, conflicting results have emerged regarding the relationship between the body compositions of adiposity (fat mass/muscle mass) and osteoarthritis. Where between fat mass or fat percentage and knee OA or knee cartilage, some studies reported a negative association (30, 31), other studies did not find an association (32). For fat-free mass (FFM), it accounts for a large part of muscle mass and has been shown to be related to both muscle mass and muscle strength. Therefore, FFM is a valuable representative of muscle mass (33). A previous population-based cohort study showed that low fat free mass may interact with knee OA, resulting in an additional reduction in health-related quality of life (HRQOL) in patients with knee OA (34). A cross-sectional study using the data from Korea National Health and Nutrition Examination Survey (KNHANES) showed that the low percentage of lower limb muscle mass was more correlated with knee OA in women (p < 0.05) (35). Another study found that the higher the total extensor muscle cross-sectional area (CSA) and vastus medialis CSA, the greater the loss of patellofemoral cartilage over time (36). In a longitudinal study registered in Sweden, the higher the knee extensor strength of adolescent men, the greater the risk of knee OA in middle age was found (37). While in the cross-sectional study of hip joint muscle strength and joints in subjects with hip OA, better self-reported physical function was found in the greater isometric muscle strength of hip joint and thigh muscle group (38). However, from the results of Venn and MR in our study, that AFFM, TFFM and WBFFM did not meet the definition of potential causal effects, while interestingly, LFFM was found to be significantly associated with both OA of knee and hip.

The difference between our results of MR analysis and epidemiological studies may be due to: (1) Small sample size of the epidemiological study; (2) Confounding factors linked to the chosen exposure and outcome in epidemiological study; (3) Some epidemiological studies only discussed FFM, but not subdivided it into AFFM, TFFM, WBFFM and LFFM; (4) There may be a reverse causal relationship in epidemiological study, for example, low muscle mass may also be a consequence of knee OA, since OA related knee pain leads to muscle abandonment.


4.1 Mechanisms underlying genetic causal links

Some interesting results are also obtained from this MR analysis. The MR result of BMI is consistent with most previous studies, that is, obesity defined by BMI is a risk factor for both knee and hip OA. Regarding the body compositions of adiposity, the results of MR and Venn have showed that AFM, AFP, WBFM, BFP, LFM and LFP are all risk factors for knee and hip OA. Due to a strong correlation (39), AFP and BFP can be used to measure the overall fat content, so as to replicate the results of BMI. TFP can be used to study the effect of visceral fat content on OA, while LFP represents the fat content of legs. These results suggest that the fat mass predicted by genes is highly correlated with the occurrence of OA. Obese adipose tissue seems to create a chronic inflammatory environment. Specific biological mechanisms to explore the link between obesity and OA risk are centered along metabolic and endocrine consequences of body fat accumulation. In basic research, previous studies have attributed the effect of adipose tissue to the adipokines it produces, such as leptin, resistin and adiponectin. Studies on non-weight-bearing arthritis in hands or fingers may support this hypothesis (40). Meanwhile, many studies have proved that adipose tissue can produce inflammatory cytokines such as IL-1, IL-6, and TNF-a. Elevated blood IL-6 levels were thought to be associated with decreased physical function and frailty (41), while higher levels of IL-6 were found to be associated with an increased risk of knee OA progression (42). The serum levels of IL-6 and TNF-a were correlated with articular space stenosis and cartilage loss in the elderly (43). Adipokines and inflammatory cytokines secreted by adipose tissue participate in cartilage degradation, synovitis and bone erosion, leading to OA (44), which is consistent with our study results. However, in this paper, TFP is only related to knee OA, but not hip OA. Whether this discrepancy is related to the different internal structures of knee and hip joint deserves further study. What’s more, as proxy for muscle mass, LFFM is found to be significantly correlated with knee and hip OA, and the correlation still existed after adjusting BMI by multivariable MR analysis. It indicates that genetic predicted LFFM is a risk factor for both knee and hip OA. Recently, skeletal muscle has been identified as an endocrine organ. We believe that some cytokines and inflammatory factors produced by muscle tissue may also lead to OA in knee and hip joints, such as IL-6 (45, 46).

As for the anthropometry indicators of obesity, we find an interesting phenomenon, that is, in univariable MR analysis, with the increase of obesity class (I II III), the odds ratio of both hip OA and knee OA gradually decreased (still greater than 1). In general, abnormal biomechanical loading is considered to be the main mechanism of obesity induced osteoarthritis. According to this result, we consider that, with the gradual increase of BMI, there may be some factors that weaken the effect of biomechanical loading. Of course, this does not exclude chances. Further research could explore this phenomenon. In addition, after the adjustment for BMI with multivariable MR, WC, HC, weight, obesity class (I II III) still have statistical significance in knee OA, while these causal effects disappeared in hip OA. It indicates that the other anthropometric indicators of obesity in our study, except WHR, are strongly correlated with knee OA independent from BMI.

Although the exact pathophysiological mechanism of obesity leading to articular cartilage degeneration is still unclear, mechanical factors may play a partial role in the pathogenesis of OA. With obesity, being overweight will increase the joint load, resulting in a detrimental effect on the weight-bearing joints (47). Maquet et al. (48) found that two to five times a person’s body weight is transmitted across the knee joint. Reilly et al. (49) showed that the reaction force of the entire patellofemoral joint increases from three times the weight when climbing or descending stairs to seven to eight times the weight when squatting. Gait analysis showed that each pound of weight loss could reduce the load on the knee joint by four times (50). Articular cartilage lacks regenerative ability when it bears long-term abnormal mechanical loads, which is prone to degenerative lesions to osteoarthritis. A review of mechanical loading on osteoarthritis showed that mechanical load activated multiple inflammatory pathways, such as IL-1β, TNF-α, inducing chondrocyte apoptosis, synovial inflammation and subchondral bone dysfunction, finally leading to OA (51). In conclusion, obese patients have a higher risk of osteoarthritis related outcomes due to higher mechanical forces exerted on weight-bearing joints under excessive mechanical loading conditions.



4.2 Strengths and limitations

In previous study, Boer et al. (52) found that there was a significant correlation between the genetic components of osteoarthritis and anthropometric traits (BMI, obesity, weight and fat mass) through LD score regression, which was consistent with our research results, but it did not study the relationship between osteoarthritis and other anthropometric traits such as waist circumference, hip circumference or waist-to-hip ratio, nor the genetic correlation between OA and fat mass or fat-free mass in different parts. Previous MR researches have suggested potential associations between BMI and OA (2, 53, 54). With regard to the relationship between other obesity related measurement indicators and OA, recent MR studies (53) indicated that some anthropometric traits such as waist circumference or hip circumference may display modest, but significant, causal associations with OA. However, few studies have adjusted for the effect of BMI through multivariable MR analysis. What is more, no known empirical research has focused on exploring relationships between OA and fat mass, fat free mass or fat mass percentage in different parts. Therefore, we have conducted a more comprehensive investigation.

This study has several strengths. First, this is a more comprehensive study used large-scale GWAS datasets to assess the genetic effect of both anthropometry indicators and body compositions of obesity on knee or hip OA through LD score regression and two-sample MR analysis. Second, given the advantages of MR analysis, it is less likely to be interfered by confounding bias and reverse causality compared with epidemiological studies. Third, we defined strict evidence of potential causal effects, robust methods enabled us to reinforce findings by considering different patterns of pleiotropy and the multivariable method allowed us to distinguish the direct effects of exposures.

However, there are certain limitations in this study. A part of sample overlaps may be biased in the direction of the observational association between risk factors and outcomes. However, a recent study had shown that for one single large dataset, such as the UK Biobank, main two-sample MR methods can be safely used, except MR-Egger, because of its bias (23). Therefore, we define a more rigorous potential causal effects to reduce the possible bias. Meanwhile, we have performed a recently developed MR method, MRlap, to correct the bias introduced by sample overlap. MRlap revealed almost identical results compared to our primary analysis, suggesting sample overlap may not substantially bias estimates. However, as MR-IVW estimates, the corrected results will also be biased if the genetic confounder, through which some of the IVs affect the exposure of interest, is existence. In our study, to avoid the genetic confounder, also called exchangeability or independence, we select the IV with a strict criterion as mentioned in the method section. What’s more, this analytical derivation hinges on a genetic architecture of the exposure, which could reduce the efficiency of the bias correction. However, the effect of the bias will decrease as the sample size increases, and for very large sample size, such as UKBB, the bias is expected to be less pronounced. In addition, since the data in the database includes both male and female, this study does not research the sex difference of obesity on OA. As we all recognized, there are differences in fat, muscle and bone mass between men and women, which may lead to changes in the results. It is also worth studying separately in the future. Finally, the population is restricted to individuals of European ancestry in this study, which limits the transferability to other ethnicities worldwide.




5 Conclusion

Osteoarthritis remains the leading cause of global morbidity and medical costs. Various individual and joint level risk factors are associated with the development and progression of the disease. In this paper, the results of LD score regression have showed the genetic correlation between obesity and osteoarthritis. Mendelian randomization analysis is used to minimize confounding and to avoid reverse causality, and further confirm the effect of genetic predicted anthropometry and body compositions of obesity on knee or hip OA, which may help to better understand the role of BMI, WC, HC, fat and muscle in OA, and finally prevent the occurrence of OA.
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