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Background: Osteoarthritis (OA) and rheumatoid arthritis (RA) are two common types of arthritis. We conducted a two-sample Mendelian randomization (MR) study to estimate the causal effects of two common occupational factors—job involves heavy manual or physical work and job involves mainly walking or standing—on OA and RA in individuals of European ancestry.

Methods: Instruments were chosen from genome-wide association studies (GWASs) that identified independent single nucleotide polymorphisms (SNPs) robustly linked to job involves heavy manual or physical work (N = 263,615) as well as job involves mainly walking or standing (N = 263,556). Summary statistics for OA and RA were taken from the Integrative Epidemiology Unit (IEU) GWAS database; both discovery and replication GWAS datasets were considered. The primary analysis utilized the inverse variance weighted (IVW) MR method supplemented by various sensitivity MR analyses.

Results: In the IVW model, we found that genetically predicted job involves heavy manual or physical work was significantly associated with OA in both the discovery [odds ratio (OR) = 1.034, 95% confidence interval (CI): 1.016–1.053, P = 2.257 × 10−4] and replication (OR = 1.857, 95% CI: 1.223–2.822, P = 0.004) analyses. The causal associations were supported in diverse sensitivity analyses. MR analyses suggested no causal effect of genetically predicted job involves heavy manual or physical work on RA. Similarly, our data provided no evidence that genetically predicted job involves mainly walking or standing was related to OA and RA.

Conclusions: Our MR study suggests that job involves heavy manual or physical work is a risk factor for OA. It is of utmost importance to create preventive strategies aimed at reducing its impact on OA at such work sites.
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Introduction

Arthritis is a prevalent condition that leads to joint pain and inflammation. It is estimated that arthritis affects more than 200 million people worldwide (1). The most common types of arthritis are osteoarthritis (OA) and rheumatoid arthritis (RA) (1). OA, also known as degenerative arthritis, is characterized by synovial inflammation, the breakdown of joint cartilage, chronic pain, and functional impairment. In Europe, approximately 40 million people suffer from OA; the estimated annual cost related to OA can reach €817 billion (2). RA, on the other hand, is a chronic inflammatory disorder that can affect multiple joints in the body. It is characterized by morning stiffness, symmetrical and erosive synovitis, production of autoantibodies, and progressive joint damage (3). Each year, approximately 2.3 million people in Europe are diagnosed with RA (4). The estimated annual cost of RA in Europe amounts to €45.3 billion (4). Due to their significant burden, the prevention of OA and RA presents a major challenge in public health.

Observational studies have long observed associations between occupational factors and arthritis, although the results remain inconsistent. For example, many researchers showed that jobs involving heavy manual or physical work, such as long-term heavy lifting work and carrying heavy weights, might be important risk factors for developing OA (5–10). A few observational studies also revealed a positive association between heavy physical work and RA development (11, 12). However, these observational studies had some limitations. Specifically, under a cross-sectional design, most studies depended on subjects reporting their occupation status retrospectively, which greatly increased the likelihood of recall bias (8). In addition, the presence of OA or RA symptoms may affect subjects' occupation selection or physical task, thereby introducing bias (5). Furthermore, one key limitation of observational investigations is the inability to assess causality. Therefore, it is necessary to use effective and complementary approaches to investigate the relationship between occupational factors and OA and RA.

Mendelian randomization (MR) is a statistical method utilizing genetic variations as instruments to infer the causal impact of an exposure. The method has two advantages: it reduces confounding and diminishes reverse causality as genetic variants are randomly assigned at conception and cannot be altered by the disease's development and progression (13, 14). In the present study, we conducted MR to estimate the causal effects of two common occupational factors, including job involves heavy manual or physical work and job involves mainly walking or standing on OA and RA. Our efforts focus on identifying specific workplace activities that may be related to the risk of OA and RA. By using the MR technique, our study can provide a more robust assessment of the causal relationships, offering valuable information for public health interventions targeting occupational risk factors. Moreover, our study may help healthcare providers and policymakers develop targeted strategies to promote healthy work environments and reduce the risk of developing these debilitating conditions.



Methods and materials


Overview

The present two-sample MR study employed summary data obtained from publicly accessible genome-wide association studies (GWASs). Utilizing a two-sample design can enhance study power in that it allows for the incorporation of larger sample sizes (13). For each exposure, we estimated its association with OA or RA in a large discovery dataset, which was then followed by replicating the analysis using a second dataset. All GWASs acquired appropriate consent from participants and obtained ethical approval. Our study design is shown in Figure 1. Our analytic process adhered to the STROBE-MR guidelines (Supplementary Table 1).
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FIGURE 1
 Overview of the Mendelian randomization analysis design.




Data for exposures

For the MR analysis, genetic association estimates for job involves heavy manual or physical work were taken from a GWAS dataset (GWAS identifier: ukb-b-2002) constructed by the Medical Research Council-Integrative Epidemiology Unit (MRC-IEU) consortium including 263,615 European participants. Genetic variants for job involves mainly walking or standing were retrieved from another MRC-IEU GWAS dataset (GWAS identifier: ukb-b-4461) involving 263,556 European individuals. In these GWASs, the adjustment process considered 10 principal components of genetic ancestry, as well as age and sex. Based on data from the UK Biobank, a touchscreen questionnaire was used to obtain the participants' information on occupational factors. For job involves heavy manual or physical work, the participants were asked, “Does your work involve heavy manual or physical work?” This included work that involved the handling of heavy objects and the use of heavy tools. If the participants had more than one “current job,” they should answer this question for their main job only. Regarding job involves mainly walking or standing, the participants were asked the question: “Does your work involve walking or standing for most of the time?”



Data for outcomes

Summary-level data for the associations of exposure-associated SNPs with OA were taken from a GWAS (GWAS identifier: ukb-a-106) by the Neale Lab involving 28,257 OA patients and 308,902 controls (discovery analysis). Additionally, data from another GWAS (GWAS identifier: ebi-a-GCST005811) were utilized, including 12,658 patients with OA and 50,898 controls (replication analysis) (15). In these GWAS, OA cases were defined based on self-reported information. The controls were those who did not self-report OA. Summary statistics for RA were selected from a GWAS (GWAS identifier: ukb-d-M13_RHEUMA) by the Neale Lab involving 1,605 RA cases and 359,589 controls (discovery dataset). We also took summary data on RA from another GWAS dataset (GWAS identifier: ebi-a-GCST90013534) by Ha et al. (16), involving 14,361 patients with RA and 43,923 controls for the replication analysis. RA patients were defined according to the 1987 American College of Rheumatology (ACR) criteria or were diagnosed by rheumatologists. The controls were individuals without RA (16). For reducing bias from population stratification, we selected all patients and controls of European ancestry.



Instrumental variable selection

We selected SNPs that displayed a significant association with each exposure in the respective data source GWAS, reaching genome-wide significance (P < 5 × 10−8), to serve as instruments for the exposure. To ensure the independence of genetic variants, a window size of 10 Mb and a maximum linkage disequilibrium of r2 = 0.001 were used to clump the instruments. The selection of SNPs and clumping were done utilizing the TwoSampleMR package in R software (version 4.1.3) (17). We obtained 25 genome-wide significant SNPs for job involves heavy manual or physical work and 16 genome-wide significant SNPs for job involves mainly walking or standing. Tables 1, 2 show the characteristics of the instruments, including effect size (beta), standard error (SE), p-value, effect allele, other allele, and minor allele frequency. The F-statistics for the instruments in both job involves heavy manual or physical work (ranging from 22 to 121) and job involves mainly walking or standing (ranging from 28 to 107) surpassed 10, indicating enough strength for MR analyses.


TABLE 1 Significant SNPs associated with job involves heavy manual or physical work (r2 < 0.001).
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TABLE 2 Significant SNPs associated with job involves mainly walking or standing (r2 < 0.001).

[image: Table 2]



Statistical analysis

As the primary analysis approach, inverse variance weighted (IVW) MR was employed (18). This method operates under the assumption that the instrumental variables employed are valid and the average pleiotropic effect is null. However, bias can arise from horizontal pleiotropy when genetic instruments influence the outcome through pathways unrelated to the exposure. To account for potential pleiotropy, we supplemented the IVW method with sensitivity analysis including maximum likelihood, Mendelian randomization-Egger (MR-Egger), and weighted median (18–20). In maximum likelihood-based MR, the genetic impacts on exposures and outcomes are directly modeled as a bivariate normal distribution through the implementation of a maximum likelihood approach. Employing the MR-Egger method allows for the examination of genetic variants' pleiotropic impact on the outcome (19). Additionally, MR-Egger generates a consistent estimation of the causal association, relying on the assumption of INstrument Strength Independent of Direct Effect (InSIDE) (19). For the weighted median method to be applicable, it is necessary for valid genetic variants to represent at least 50% of the total weight of the instrument (20). Moreover, we conducted leave-one-SNP-out analyses to check whether any specific SNP drove the causal relationship, and this could evaluate the robustness of the IVW estimates. The potential impact of pleiotropy was assessed by analyzing the regression intercept obtained through the MR-Egger method (19). In addition, the MR-PRESSO method includes a global significance test for the detection of horizontal pleiotropy (21–23). The application of Cochran's Q statistic allowed for the evaluation of heterogeneity in SNP estimates within each MR association. An online tool was used to evaluate statistical power (24). The results of the statistical power calculation are presented in Supplementary Table 2. All tests were conducted with two-sided analyses using the TwoSampleMR and MR-PRESSO packages in R software (version 4.1.3). The main manuscript and Supplementary Tables 1, 2 contain all the data and results generated in this study.




Results

We found that genetically predicted job involves heavy manual or physical work was significantly associated with OA in both the discovery [odds ratio (OR) = 1.034, 95% confidence interval (CI): 1.016–1.053, P = 2.257 × 10−4] and replication (OR = 1.857, 95% CI: 1.223–2.822, P = 0.004) analyses (Table 3 and Figure 2). The observed association was confirmed to be reliable through a heterogeneity check, as there was no heterogeneity found in the distribution of effect estimates of individual SNPs (Cochran's Q-test P = 0.486 for the discovery analysis; Cochran's Q-test P = 0.200 for the replication analysis) (Table 4). The causality between genetically predicted job involves heavy manual or physical work and OA was supported by sensitivity analyses including weight median, maximum likelihood, and MR-PRESSO (Table 3). Directional pleiotropy was not observed (MR-Egger intercept P = 0.316 for the discovery analysis and P = 0.524 for the replication analysis) (Table 4). The global test of the MR-PRESSO approach did not identify horizontal pleiotropy (Table 4). The leave-one-out analysis demonstrated that the removal of a single SNP did not substantially change the effect estimates (Figure 3).


TABLE 3 Causal effect estimates on the association between occupational factors and OA and RA.
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FIGURE 2
 Forest plots and scatter plots for the Mendelian randomization (MR) analyses analyzing the causal association of job involves heavy manual or physical work with osteoarthritis. (A) A forest plot for the discovery MR analysis analyzing the causal association of job involves heavy manual or physical work with osteoarthritis. (B) A scatter plot for the discovery MR analysis analyzing the causal association of job involves heavy manual or physical work with osteoarthritis. (C) A forest plot for the replication MR analysis analyzing the causal association of job involves heavy manual or physical work with osteoarthritis. (D) A scatter plot for the replication MR analysis analyzing the causal association of job involves heavy manual or physical work with osteoarthritis.



TABLE 4 Heterogeneity and pleiotropy detection.
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FIGURE 3
 A leave-one-out analysis for the association of job involves heavy manual or physical work with osteoarthritis. (A) A leave-one-out analysis using the discovery outcome dataset. (B) A leave-one-out analysis using the replication outcome dataset.


The IVW MR results did not show a statistically significant causal association between genetically predicted job involves heavy manual or physical work and RA (discovery dataset: OR = 1.003, 95% CI: 0.999–1.007, P = 0.159; replication dataset: OR = 1.417, 95% CI: 0.803–2.498, P = 0.229) (Table 3). Null effect estimates were also found in sensitivity analyses using the weighted median, maximum likelihood, and MR-Egger models (Table 3). Evidence of effect heterogeneity (Cochran's Q-test P = 2.374 × 10−4) was detected, but the MR-Egger intercept did not suggest directional pleiotropy (Table 4). The MR-PRESSO approach identified one SNP as an outlier (rs11678979); the outlier-corrected analysis after removing this SNP showed consistent results with the IVW estimate (OR = 1.121, 95% CI: 0.848–1.482, P = 0.584) (Table 3). When conducting a leave-one-out analysis, it was observed that the exclusion of any individual SNP did not lead to significant alterations in the effect estimates (not shown).

Next, we evaluated the association of genetically predicted job involves mainly walking or standing with OA and RA. No evidence of causal effects was detected in either the primary MR analysis using the IVW method or sensitivity analyses using other MR models (Table 3). There was no effect of heterogeneity and directional pleiotropy (Table 4). The global test of the MR-PRESSO approach did not indicate horizontal pleiotropy (Table 4).



Discussion

In this large two-sample MR study using summary-level data, we found that genetically predicted job involves heavy manual or physical work was associated with an increased risk of OA but not RA in individuals of European ancestry. We did not find a significant association between genetically predicted job involves mainly walking or standing and OA and RA.

The results we obtained are in line with prior observational studies, which have consistently indicated that heavy labor jobs pose a risk for OA (5–10). Although the specific mechanisms are not entirely clear, there are potential biological explanations that have been proposed for this association. First, one possible mechanism by which job involves heavy manual or physical work may increase the risk of OA is through joint overloading. The joints can experience heightened stress and strain on the articular cartilage when subjected to repetitive or excessive loading, such as heavy lifting or carrying, which may ultimately result in cartilage degradation and the development of OA over time. Second, job involves heavy manual or physical work often involves a higher risk of joint injuries and microtrauma (25–28). Acute injuries, such as fractures or ligament tears, can disrupt normal joint mechanics and increase the likelihood of developing OA later in life. Additionally, repetitive microtrauma can lead to cumulative damage to the joint structures, triggering inflammation and cartilage degeneration (28). Third, job involves heavy manual or physical work can induce chronic low-grade inflammation in the joints (29). Inflammatory responses are known to contribute to the development and progression of OA (30). Inflammatory cytokines, such as tumor necrosis factor-α and interleukin-1β, can promote cartilage breakdown, induce synovial changes, and inhibit repair mechanisms, thereby increasing the risk of OA (31). Fourth, many jobs involving heavy physical labor often do not provide sufficient rest and recovery time for the musculoskeletal system (25). The absence of adequate rest intervals during continuous exertion may impede the proper repair and reconstruction of tissues, which can negatively affect the health of joint structures, increasing their susceptibility to degeneration and OA. Fifth, the risk of OA in heavy physically demanding occupations can be significantly influenced by ergonomic factors (32, 33). Improper joint alignment, excessive joint loading, and unnatural movement patterns can result from poorly designed workstations or equipment (32, 33). These factors may contribute to joint misalignment and heighten the likelihood of cartilage wear and tear, thus promoting the development of OA.

Our study highlights the need for stringent occupational health and safety regulations to protect workers engaged in heavy manual or physically demanding jobs. Employers should implement appropriate measures to minimize the risk of developing OA among their employees, such as providing adequate rest breaks, ergonomic equipment, proper training on work-related techniques, and early detection of OA. In addition, our results may increase public awareness of the causal relationship of job involves heavy manual or physical work with OA. Individuals should pay more attention to their occupational choices and work environments to protect their health. Furthermore, our study may provide new research directions for future MR studies on OA, such as exploring whether other occupational factors play a role in the development of OA and how to prevent and treat OA.

In agreement with a number of observational studies (5, 34–37), we found no causal association between job involves mainly walking or standing and OA. A recent comprehensive systematic review and meta-analysis summarizing 11 case–control or cohort studies also suggested no increased risk of OA related to walking and standing (38). In addition to the results related to OA, we estimated whether job involves heavy manual or physical work and job involves mainly walking or standing are associated with RA: however, we did not find a causal link. Compared with observational studies, our study has several strengths related to study design. First, using a two-sample MR approach, our analysis minimized the impact of confounding, reverse causation, and exposure measurement errors that are non-differential. Second, with a focus on robustness, our study adopted a strategy to avert weak instrument bias. This was achieved by limiting our selection to SNPs demonstrating noteworthy instrument strength (F > 10) and an association with their respective outcomes at the GWAS significance threshold (P < 5 × 10−8). The exclusion of SNPs in linkage disequilibrium added an additional layer of refinement to our approach. Third, despite the impossibility of entirely dismissing pleiotropy, we tackled this issue through diverse sensitivity analyses. The robustness of the MR estimates was evident across the different sensitivity analyses conducted. It is worth mentioning that, as a reliable approach for sensitivity analysis, the MR-PRESSO method can identify and exclude potential outlier SNPs that display horizontal pleiotropic effects (21). It showed homogeneous results with the IVW method in our analyses. Fourth, the validation of our findings using additional large GWAS datasets yielded comparable causal estimates.

Despite these strengths, caution should still be employed because our study has limitations. First, inflated type 1 error rates and biased effect estimates may arise if the assumption of independent samples for the instrument variable and the outcome is violated in two-sample MR. However, this consideration is only relevant when dealing with continuous outcomes, which differ from the binary outcomes investigated in our current study (39). Second, within the evidence-based pyramid, MR studies are positioned below randomized clinical trials (RCTs) and meta-analyses of RCTs. Thus, well-designed RCTs are necessary to confirm our findings in the future. Third, as our study solely involved European participants, it is important to avoid generalizing the findings to diverse ethnic populations. However, there are several advantages to using summary statistics from a single ethnic population. For example, it ensures a more homogeneous genetic background, reducing confounding due to population stratification and minimizing bias in the causal estimates. In addition, European populations often have a more extensive collection of genome-wide association studies, providing a larger sample size and greater statistical power for analysis. In anticipation of the availability of extensive GWAS summary-level data on occupational factors in various ethnic groups including East Asians and Latin Americans, it is our hope that future MR studies can encompass a greater range of ethnic groups, which would enable the exploration of the causal link between the two occupational factors and OA and RA in a more diverse population. Fourth, although our MR study evaluated causality for association, it could not assess whether intervening in the two occupational factors would have beneficial effects for OA and RA. We anticipate that future meticulously planned RCTs would assess the positive impact of intervening in these occupational factors on diminishing the likelihood of OA and RA.

In conclusion, our large two-sample MR study demonstrated that genetically predicted job involves heavy manual or physical work was causally associated with OA but not RA risk. Our data provided no evidence that genetically predicted job involves mainly walking or standing was related to OA and RA. Our findings may help in developing strategies to prevent OA by focusing on limiting the amount and duration of physically demanding job-related activities.



Data availability statement

Analysis in this study was conducted using datasets that are publicly available. These datasets can be accessed through the IEU Open GWAS Project database at https://gwas.mrcieu.ac.uk/.



Author contributions

JH: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Resources, Software, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

The author expresses gratitude to the IEU Open GWAS Project database for granting access to publicly available GWAS summary statistics.



Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1281214/full#supplementary-material



References

 1. Foster NE, Eriksson L, Deveza L, Hall M. Osteoarthritis year in review 2022: epidemiology and therapy. Osteoarthritis Cartilage. (2023) 31:876–83. doi: 10.1016/j.joca.2023.03.008

 2. Grønne DT, Roos EM, Ibsen R, Kjellberg J, Skou ST. Cost-effectiveness of an 8-week supervised education and exercise therapy programme for knee and hip osteoarthritis: a pre-post analysis of 16 255 patients participating in good life with osteoarthritis in Denmark (GLA:D). BMJ Open. (2021) 11:e049541. doi: 10.1136/bmjopen-2021-049541

 3. Smolen JS, Aletaha D, Barton A, Burmester GR, Emery P, Firestein GS, et al. Rheumatoid arthritis. Nat Rev Dis Primers. (2018) 4:18001. doi: 10.1038/nrdp.2018.1

 4. Galloway J, Capron JP, De Leonardis F, Fakhouri W, Rose A, Kouris I. The impact of disease severity and duration on cost, early retirement and ability to work in rheumatoid arthritis in Europe: an economic modelling study. Rheumatol Adv Pract. (2020) 4:rkaa041. doi: 10.1093/rap/rkaa041

 5. Allen KD, Chen JC, Callahan LF, Golightly YM, Helmick CG, Renner JB, et al. Associations of occupational tasks with knee and hip osteoarthritis: the Johnston county osteoarthritis project. J Rheumatol. (2010) 37:842–50. doi: 10.3899/jrheum.090302

 6. Klussmann A, Gebhardt H, Nübling M, Liebers F, Quirós Perea E, Cordier W. Individual and occupational risk factors for knee osteoarthritis: results of a case-control study in Germany. Arthritis Res Ther. (2010) 12:R88. doi: 10.1186/ar3015

 7. Kaila-Kangas L, Arokoski J, Impivaara O, Viikari-Juntura E, Leino-Arjas P, Luukkonen R, et al. Associations of hip osteoarthritis with history of recurrent exposure to manual handling of loads over 20 kg and work participation: a population-based study of men and women. Occup Environ Med. (2011) 68:734–8. doi: 10.1136/oem.2010.061390

 8. Wang X, Perry TA, Arden N, Chen L, Parsons CM, Cooper C, et al. Occupational risk in knee osteoarthritis: a systematic review and meta-analysis of observational studies. Arthritis Care Res. (2020) 72:1213–23. doi: 10.1002/acr.24333

 9. Parsons CM, Gates LS, Perry T, Nevitt M, Felson D, Sanchez-Santos MT, et al. Predominant lifetime occupation and associations with painful and structural knee osteoarthritis: an international participant-level cohort collaboration. Osteoarthr Cartil Open. (2020) 2:100085. doi: 10.1016/j.ocarto.2020.100085

 10. Unverzagt S, Bolm-Audorff U, Frese T, Hechtl J, Liebers F, Moser K, et al. Influence of physically demanding occupations on the development of osteoarthritis of the hip: a systematic review. J Occup Med Toxicol. (2022) 17:18. doi: 10.1186/s12995-022-00358-y

 11. Olsson AR, Skogh T, Axelson O, Wingren G. Occupations and exposures in the work environment as determinants for rheumatoid arthritis. Occup Environ Med. (2004) 61:233–8. doi: 10.1136/oem.2003.007971

 12. Zeng P, Klareskog L, Alfredsson L, Bengtsson C. Physical workload is associated with increased risk of rheumatoid arthritis: results from a Swedish population-based case-control study. RMD Open. (2017) 3:e000324. doi: 10.1136/rmdopen-2016-000324

 13. Boef AG, Dekkers OM, le Cessie S. Mendelian randomization studies: a review of the approaches used and the quality of reporting. Int J Epidemiol. (2015) 44:496–511. doi: 10.1093/ije/dyv071

 14. Yuan S, Chen J, Li X, Fan R, Arsenault B, Gill D, et al. Lifestyle and metabolic factors for nonalcoholic fatty liver disease: Mendelian randomization study. Eur J Epidemiol. (2022) 37:723–33. doi: 10.1007/s10654-022-00868-3

 15. Zengini E, Hatzikotoulas K, Tachmazidou I, Steinberg J, Hartwig FP, Southam L, et al. Genome-wide analyses using UK Biobank data provide insights into the genetic architecture of osteoarthritis. Nat Genet. (2018) 50:549–58. doi: 10.1038/s41588-018-0079-y

 16. Ha E, Bae SC, Kim K. Large-scale meta-analysis across East Asian and European populations updated genetic architecture and variant-driven biology of rheumatoid arthritis, identifying 11 novel susceptibility loci. Ann Rheum Dis. (2021) 80:558–65. doi: 10.1136/annrheumdis-2020-219065

 17. Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird D. The MR-Base platform supports systematic causal inference across the human phenome. Elife. (2018) 7:e34408. doi: 10.7554/eLife.34408

 18. Davey Smith G, Hemani G. Mendelian randomization: genetic anchors for causal inference in epidemiological studies. Hum Mol Genet. (2014) 23:R89–98. doi: 10.1093/hmg/ddu328

 19. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid instruments: effect estimation and bias detection through Egger regression. Int J Epidemiol. (2015) 44:512–25. doi: 10.1093/ije/dyv080

 20. 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) 40:304–14. doi: 10.1002/gepi.21965

 21. Verbanck M, Chen CY, Neale B, Do R. Detection of widespread horizontal pleiotropy in causal relationships inferred from Mendelian randomization between complex traits and diseases. Nat Genet. (2018) 50:693–8. doi: 10.1038/s41588-018-0099-7

 22. Hemani G, Tilling K, Davey Smith G. Orienting the causal relationship between imprecisely measured traits using GWAS summary data. PLoS Genet. (2017) 13:e1007081. doi: 10.1371/journal.pgen.1007081

 23. Burgess S, Davey Smith G, Davies NM, Dudbridge F, Gill D, Glymour MM. Guidelines for performing Mendelian randomization investigations. Wellcome Open Res. (2020) 4:186. doi: 10.12688/wellcomeopenres.15555.2

 24. Brion MJ, Shakhbazov K, Visscher PM. Calculating statistical power in Mendelian randomization studies. Int J Epidemiol. (2013) 42:1497–501. doi: 10.1093/ije/dyt179

 25. Galey S, Sferra JJ. Arthrodesis after workplace injuries. Foot Ankle Clin. (2002) 7:385–401. doi: 10.1016/S1083-7515(02)00043-8

 26. Lenton G, Aisbett B, Neesham-Smith D, Carvajal A, Netto K. The effects of military body armour on trunk and hip kinematics during performance of manual handling tasks. Ergonomics. (2016) 59:806–12. doi: 10.1080/00140139.2015.1092589

 27. Espahbodi S, Fernandes G, Hogervorst E, Thanoon A, Batt M, Fuller CW, et al. Foot and ankle osteoarthritis and cognitive impairment in retired UK soccer players (FOCUS): protocol for a cross-sectional comparative study with general population controls. BMJ Open. (2022) 12:e054371. doi: 10.1136/bmjopen-2021-054371

 28. Noriega-González D, Caballero-García A, Roche E, Álvarez-Mon M, Córdova A. Inflammatory process on knee osteoarthritis in cyclists. J Clin Med. (2023) 12:3703. doi: 10.3390/jcm12113703

 29. Zelzer S, Tatzber F, Herrmann M, Wonisch W, Rinnerhofer S, Kundi M, et al. Work intensity, low-grade inflammation, and oxidative status: a comparison between office and slaughterhouse workers. Oxid Med Cell Longev. (2018) 2018:2737563. doi: 10.1155/2018/2737563

 30. De Roover A, Escribano-Núñez A, Monteagudo S, Lories R. Fundamentals of osteoarthritis: Inflammatory mediators in osteoarthritis. Osteoarthritis Cartilage. (2023) 31:1303–11. doi: 10.1016/j.joca.2023.06.005

 31. Shih PC, Lee YH, Tsou HK, Cheng-Chung Wei J. Recent targets of osteoarthritis research. Best Pract Res Clin Rheumatol. (2023) 12:101851. doi: 10.1016/j.berh.2023.101851

 32. d'Errico A, Fontana D, Sebastiani G, Ardito C. Risk of symptomatic osteoarthritis associated with exposure to ergonomic factors at work in a nationwide Italian survey. Int Arch Occup Environ Health. (2023) 96:143–54. doi: 10.1007/s00420-022-01912-1

 33. Kuijer PPFM, van der Molen HF, Visser S, A. Health-impact assessment of an ergonomic measure to reduce the risk of work-related lower back pain, lumbosacral radicular syndrome and knee osteoarthritis among floor layers in the Netherlands. Int J Environ Res Public Health. (2023) 20:4672. doi: 10.3390/ijerph20054672

 34. Jacobsen S, Sonne-Holm S, Søballe K, Gebuhr P, Lund B. The distribution and inter-relationships of radiologic features of osteoarthrosis of the hip. A survey of 4151 subjects of the Copenhagen city heart study: the osteoarthrosis substudy. Osteoarthritis Cartilage. (2004) 12:704–10. doi: 10.1016/j.joca.2004.05.003

 35. Goekoop RJ, Kloppenburg M, Kroon HM, Dirkse LE, Huizinga TW, Westendorp RG, et al. Determinants of absence of osteoarthritis in old age. Scand J Rheumatol. (2011) 40:68–73. doi: 10.3109/03009742.2010.500618

 36. Cleveland RJ, Schwartz TA, Prizer LP, Randolph R, Schoster B, Renner JB, et al. Associations of educational attainment, occupation, and community poverty with hip osteoarthritis. Arthritis Care Res. (2013) 65:954–61. doi: 10.1002/acr.21920

 37. Rubak TS, Svendsen SW, Søballe K, Frost P. Total hip replacement due to primary osteoarthritis in relation to cumulative occupational exposures and lifestyle factors: a nationwide nested case-control study. Arthritis Care Res. (2014) 66:1496–505. doi: 10.1002/acr.22326

 38. Gignac MAM, Irvin E, Cullen K, Van Eerd D, Beaton DE, Mahood Q, et al. Men and women's occupational activities and the risk of developing osteoarthritis of the knee, hip, or hands: a systematic review and recommendations for future research. Arthritis Care Res. (2020) 72:378–96. doi: 10.1002/acr.23855

 39. Burgess S, Davies NM, Thompson SG. Bias due to participant overlap in two-sample Mendelian randomization. Genet Epidemiol. (2016) 40:597–608. doi: 10.1002/gepi.21998

Copyright
 © 2024 Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-11-1281214-t002.jpg
SNP Position hromosome EA OA EAF Beta SE P

1511264886 153997346 1 A G 0283 0019 0.003 1.10E-08
1510922907 91193049 1 T A 0549 —0.019 0.003 4.50E-10
1513019832 60710571 2 A G 0416 —0.019 0.003 1.50E-09
159836291 49697459 3 A G 0294 —0.027 0.003 3.30E-16
157661349 106066982 4 c T 0634 —0.020 0.003 1.60E-10
156882046 87968864 5 G A 0268 —0.025 0.003 490E-13
1579248502 111012600 5 G e 0.060 —0.038 0.006 3.10E-09
159341742 79440229 6 T (o 0399 0017 0.003 2.00E-08
151487445 98565211 6 T (c 0.482 —0.031 0.003 6.80E-24
154731992 133702097 7 G A 0782 —0.022 0.004 1.30E-09
1578928669 71782460 7 G A 0034 —0.048 0.008 7.70E-09
15603625 95554283 1 A G 0419 —0.018 0.003 2.20E-09
156603030 83230103 15 G A 0794 —0.021 0.004 2.40E-08
153785354 28550667 16 T c 0368 0018 0.003 7.50E-09
rs8054111 71990651 16 G A 0730 —0.021 0.003 5.30E-10
15613872 53210302 18 T G 0825 0024 0.004 3.90E-09

EA, effect allele; EAF, effect allele frequency; OA, other allele; SE, standard error; SNP, single nucleotide polymorphism.





OPS/images/fpubh-11-1281214-t003.jpg
Occupational factor = Outcome MR method Causal effect estimate

95% Cl P-value
Discovery Job involves heavy manual or OA ww 24 1.034 1.016-1.053 2.257 x 1074
physical work
‘Weighted median 24 1.027 1.001-1.054 0.043
Maximum likelihood 24 1.035 1.016-1.054 2.494 x 107*
MR-PRESSO 24 1.034 1.017-1.050 0.001
MR-Egger 24 1.081 0.992-1.178 0086
Job involves heavy manual or RA wvw 24 1.003 0.999-1.007 0.159
physical work
‘Weighted median 24 1.005 0.999-1.011 0.141
Maximum likelihood 24 1.003 0.999-1.007 0.153
MR-PRESSO 24 1.003 0.999-1.005 0.157
MR-Egger 24 1.012 0.992-1.032 0.261
Job involves mainly walking OA wvw 15 1015 0.994-1.036 0.156
or standing
‘Weighted median 15 1.014 0.989-1.039 0.283
Maximum likelihood 15 1.015 0.998-1.033 0.086
MR-PRESSO 15 1015 0.996-1.034 0.151
MR-Egger 15 1.021 0.932-1.118 0.664
Job involves mainly walking RA wvw 15 0.999 0.994-1.003 0.543
or standing
‘Weighted median 15 0.998 0.992-1.004 0.543
Maximum likelihood 15 0.999 0.994-1.003 0.476
MR-PRESSO 15 0.999 0.994-1.003 0.553
MR-Egger 15 0.999 0.978-1.020 0910
Replication Job involves heavy manual or OA wvw 24 1.857 1.223-2.822 0.004
physical work
‘Weighted median 24 1.268 0.728-2.211 0.402
Maximum likelihood 24 1917 1.304-2.817 0.001
MR-PRESSO 24 1.856 1.230-2.794 0.008
MR-Egger 24 3.573 0.470-27.167 0.231
Job involves heavy manual or RA wvw 23 1417 0.803-2.498 0.229
physical work
‘Weighted median 23 1.169 0.666-2.054 0.587
Maximum likelihood 23 1.457 0.995-2.135 0.053
MR-PRESSO (corrected) 22 L121 0.848-1.482 0.584
MR-Egger 23 0321 0.028-3.638 0369
Job involves mainly walking OA wvw 15 1.284 0.830-1.986 0.261
or standing
‘Weighted median 15 1.017 0.582-1.777 0.953
Maximum likelihood 15 1.299 0.900-1.874 0.163
MR-PRESSO 15 1.284 0.827-1.782 0.280
MR-Egger 15 1.472 0.209-10.357 0.704
Job involves mainly walking RA ww 15 1.241 0.834-1.845 0.287
or standing
‘Weighted median 15 0.949 0.550-1.637 0.850
Maximum likelihood 15 1.251 0.869-1.803 0.229
MR-PRESSO 15 1.241 0.716-1.785 0.305
MR-Egger 15 0.323 0.055-1.899 0233

CI, confidence interval; IVW, inverse variance weighted; MR-Egger, Mendelian randomization-Egger; MR-PRESSO, Mendelian Randomization-Pleiotropy RESidual Sum and Outlier; OA,
osteoarthritis; OR, odds ratio; RA, rheumatoid arthritis; SNP, single nucleotide polymorphism.





OPS/images/fpubh-11-1281214-g003.gif
A e

£

;HHHH

D‘D = o o





OPS/images/fpubh-11-1281214-t001.jpg
SNP Position hromosome EA OA EAF SE P

152091329 110042079 1 G A 0288 —0.016 0.003 2.00E-09
1512089815 91189933 1 A G 0549 —0015 0.002 3.10E-10
152819348 201884952 1 [ T 0352 0015 0.002 5.60E-09
156544763 44813233 2 [ T 0.660 0014 0.003 3.20E-08
1511678979 100802891 2 c T 0272 —0015 0.003 3.00E-08
1534700731 203360745 2 A G 0.135 0.020 0.003 1.50E-08
rs11130889 62562748 3 G (e 0075 —0.025 0.005 4.50E-08
1s35999162 49597230 3 G e 0310 —0.025 0.003 7.40E-22
152318540 67831581 4 G T 0572 —0.014 0.002 3.70E-09
1511726786 106120756 4 G T 0366 0017 0.002 2.40E-11
rs1081158 88004616 5 T c 0582 0017 0.002 2.70E-12
1556194430 67824690 5 T [c 0.169 0019 0.003 4.50E-09
154580876 98322872 6 A G 0476 —0.022 0.002 3.00E-20
1511756123 152218079 6 T A 0635 —0.014 0.002 3.20E-08
154731992 133702097 7 G A 0782 —0017 0.003 1.00E-09
1513250996 13957985 8 [ G 0504 —0013 0.002 2.70E-08
1577823953 143524185 8 T € 0.033 —0.037 0.007 3.80E-08
1562511803 115992376 8 A G 0.141 —0.021 0.003 7.50E-10
1510820625 99203606 9 c T 0221 —0.016 0.003 2.90E-08
157467480 23354940 9 A T 0416 —0.016 0.002 1.70E-10
157108077 95838005 11 G A 0380 —0013 0.002 1.90E-08
151370059 58523077 13 G A 0232 0018 0.003 1.80E-10
158054111 71990651 16 G A 0730 —0015 0.003 1.20E-08
£s3785354 28550667 16 T c 0368 0014 0.002 3.70E-08
1511663824 50745236 18 A c 0397 0014 0.002 2.50E-08

EA, effect allele; EAF, effect allele frequency; OA, other allele; SE, standard error; SNP, single nucleotide polymorphism.





OPS/images/fpubh-11-1281214-t004.jpg
Occupational factor

Outcome

Test of heterogeneity

MR-Egger regression MR-PRESSO
global test

Cochran’s Q P-value Intercept  P-value P-value
Discovery | Job involves heavy manual or OA 22.576 0.486 —0.001 0316 0539
physical work
RA 21414 0.556 —0.002 0.389 0614
Job involves mainly walking or OA 19.763 0.138 —0.0001 0.899 0.185
standing
RA 19277 0.155 —5.647 x 107 0.982 0.164
Replication Job involves heavy manual or OA 28.438 0.200 —0.011 0.524 0.218
physical work
RA 52.862 2374 x 1074 0.027 0.231 <0.001
Job involves mainly walking or OA 20.551 0.114 —0.003 0.890 0.122
standing
RA 17.096 0.251 0.031 0.152 0242

OA, osteoarthritis; RA; rheumatoid arthritis.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The causal effect of two occupational factors on osteoarthritis and rheumatoid arthritis: a Mendelian randomization study



		Introduction



		Methods and materials



		Overview



		Data for exposures



		Data for outcomes



		Instrumental variable selection



		Statistical analysis







		Results



		Discussion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

The causal effect of two
occupational factors on
osteoarthritis and rheumatoid
arthritis: a Mendelian
randomization study





OPS/images/fpubh-11-1281214-g001.gif
fossa— N\ [ AT N
i
ol ftenid fasbamin
prra - :,. :
g ot — VR EgRe
[ o






OPS/images/fpubh-11-1281214-g002.gif











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Public Health







