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Background

Previous studies reported that endometriosis may have a higher risk of arthritis. However, it remains unclear whether the association between endometriosis and arthritis has genetic correlations, or the relationship is causal. Linkage Disequilibrium Score (LDSC) and Mendelian Randomization (MR) analyses use genetic variation as a natural experiment to explore genetic correlations and causal inferences from observational data, reducing unmeasured confounding factors.





Method

Participants (aged 20-54 years, n = 2,915) for the cross-sectional study were obtained from the National Health and Nutrition Examination Survey (NHANES). Endometriosis and arthritis were diagnosed based on self-reported by reproductive health and medical condition questionnaire. Weighted multivariable logistic regression was used to explore the relationship between endometriosis and arthritis. LDSC and MR analysis were performed using the genome-wide association study (GWAS) summary statistics to identify the causal association.





Result

A significant positive association between endometriosis and arthritis was found after multivariable adjustment (OR = 1.89; 95% CI: 1.33, 2.67). When exploring different types of arthritis, a positive association was revealed with rheumatoid arthritis (RA), other types of arthritis, and cases that the arthritis type were unknown, with an OR of 2.07 (95% CI: 1.03, 4.17), 2.78 (95% CI: 1.30, 5.95), and 2.06 (95% CI: 1.36, 3.11), respectively. However, genetic correlation analysis between endometriosis and RA did not reveal any significant findings (all P values > 0.05). Moreover, MR analysis also failed to identify a causal relationship between endometriosis and RA (all P values > 0.05).





Conclusion

Cross-sectional study identified a significant positive association between endometriosis and arthritis among US women, especially among RA, while findings based on LDSC and MR analysis did not support a genetic correlation or causal role. These findings suggest that clinicians should pay more attention to the coexistence of RA in endometriosis patients and explore the shared pathophysiological mechanisms of these two disorders, with a particular focus on extrinsic factors rather than intrinsic genetic inheritance.
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1 Introduction

Endometriosis (EMs), characterized by the presence of endometrium-like tissue outside the uterus, is a chronic, inflammatory, and estrogen-dependent gynecologic condition known for its elusive cure, tendency to recur, and profound impact on women’s health and quality of life (1–3). It affects roughly 10% of reproductive-age women globally, estimated at around 190 million individuals based on World Bank data from 2017 (2). Endometriosis is associated with a wide range of symptoms, such as chronic pelvic pain, severe periods pain, painful sex, pain on defecation and urination, heavy menstruation, pelvic masses (chocolate cysts or pelvic nodules), and infertility (1). Epidemiological studies also report that women with endometriosis suffer from fatigue, depression, and seriously affect women’s mental health (4, 5).

Recent insights suggest that systemic chronic inflammation and enhanced oxidative stress were associated with the pathological mechanism of endometriosis (3, 6, 7). Considered as a systemic chronic disease, it’s crucial to be vigilant for comorbidities or subsequent disorders linked to endometriosis (1, 8), such as migraine (9), asthma (10), rheumatoid arthritis(RA) (11), systemic lupus erythematosus (8), cardiovascular disease (12), and even gynecologic cancers (13). Previous observational studies indicated that women with endometriosis may have a higher risk of arthritis than women without endometriosis (11, 14–16), particularly among the type of RA. For instance, the Nurses’ Health Study II (N = 114,453 women) over a 22-year follow-up period identified that endometriosis women confirmed by laparoscopically had a higher risk of RA than those without endometriosis (HR = 1.41; 95% confidence interval (CI): 1.05, 1.89) (11). Similarly, recent cohort studies conducted in various populations in Taiwan and Japan have also suggested an increased risk of RA among endometriosis women (16, 17).

These observational study findings had only found an association between endometriosis and arthritis, but whether this relationship is genetic, or causal remains unknown. In addition, some studies revealed that the co-occurrence of endometriosis and arthritis shared susceptibility loci and genetic polymorphisms (18). Confirmed by gene association studies and genome-wide association studies (GWAS), genetic polymorphisms related to both RA and endometriosis include the interleukin-6 (IL-6) gene, interleukin-10 (IL-10) gene, vascular endothelial growth factor gene, protein tyrosine phosphatase non-receptor type 22 gene, and signal transducer and activator of transcription 4 gene (18). However, whether these genetic polymorphisms have genetic correlations is unknown.

In recent years, statistical methods based on GWAS have been proposed to estimate the genetic correlation and causality between traits. Linkage Disequilibrium Score (LDSC) is a widely used method in genetic correlation analysis to estimate the heritability of complex diseases and traits (19). It leverages the concept of linkage disequilibrium (LD) by calculating the LD score for each single nucleotide polymorphism (SNP). The LD score measures the degree of correlation between a given SNP and its surrounding SNPs. By using these scores, LDSC can infer the strength of association between genetic variants and complex traits. However, the use of LDSC alone often provides only a genetic association between diseases and traits, leaving the causal relationship between the two traits unclear. Mendelian Randomization (MR) is an application of instrumental variable analysis used to evaluate causal relationships between exposure and outcome (20). In MR analysis, SNPs are commonly used as instrumental variables for the putative risk factor. Because genotype precedes phenotype and alleles are randomly assigned at conception, MR using genetic variation as an instrumental variable helps to avoid measurement bias, confounding bias, and reverse causality interference (21). Thus, MR is very convincing in verifying the causal relationship between exposure variables and outcome variables, especially when the two have been shown to be genetically correlated.

LDSC and MR analyses could further dissect the genetic correlations and causal relationships between endometriosis and RA. However, to our knowledge, few studies have been reported to investigate the relationship between endometriosis and arthritis using three study design methods: observational study, genetic correlation analysis, and MR study. Therefore, we comprehensively explore the association between endometriosis and arthritis, using the National Health and Nutrition Examination Survey (NHANES) 1999-2006 database, genetic correlation analysis, and MR analysis methods based on GWAS data. In this study, we first conducted an observational study using NHANES data and hypothesized that endometriosis is positively associated with arthritis. Secondly, we performed genetic correlation analyses and MR studies using the summary statistics from several large endometriosis and RA GWAS to identify any significant genetic correlations and causal relationships between endometriosis and RA, and hypothesized that endometriosis has genetic correlations and causal relationships with RA. These analyses will provide insights into the causal relationship and genetic background between endometriosis and arthritis, and improve our understanding of their underlying biology.




2 Methods



2.1 Study population in NHANES

The data was sourced from the NHANES database, which is publicly available on the official website (https://www.cdc.gov/nchs/nhanes/index.htm). The protocols of the NHANES study were authorized by the National Center for Health Statistics Research Ethics Review Committee (https://www.cdc.gov/nchs/nhanes/irba98.htm). All participants in the survey provided written informed consent.

This study utilized data from the NHANES 1999-2006 cycle with a total of 41,474 participants. We included female participants aged 20-54 years (N = 6,208), because participants within this age range were eligible for the endometriosis questions in the reproductive health questionnaire. Those with missing endometriosis information (N = 651), arthritis disease (N = 9), and other variables (N = 2,633) were excluded. Ultimately, 2,915 female participants were included in our analyses (shown in Figure 1).




Figure 1 | Flow chart of participants selection. NHANES, National Health and Nutrition Examination Survey.






2.2 Self-reported endometriosis and arthritis in NHANES

Self-reported endometriosis was diagnosed based on two questions from the reproductive health questionnaire: 1) RHQ360: “Has a doctor or other health professional ever told you that you have endometriosis?” and 2) RHQ370: “How old were you when you were first told had endometriosis?”. Any woman who self‐reported “Yes” to questionnaire RHQ360 or provided an answer to questionnaire RHQ370 was considered to have endometriosis.

The diagnosis of self-reported arthritis was established through three questions from the medical condition questionnaire: 1) MCQ160A: Has a doctor or other health professional ever told you that you had arthritis? 2) MCQ180A: Age when told you had arthritis? 3) MCQ190: Which type of arthritis? In NHANES 1999-2006 cycle, types of arthritis were divided into RA, osteoarthritis, other, and don’t know. Participants who answered “yes” to questionnaire MCQ160A or provided an answer to questionnaire MCQ180A or MCQ190 were considered to have arthritis.




2.3 Covariates in NHANES

To control potential confounding bias in this study, age, body mass index (BMI), race, marital status, education level, smoking status, alcohol status, income-to-poverty ratio (PIR), physical activity (PA), serum uric acid (SUA), chronic kidney disease (CKD), diabetes mellitus (DM), hyperlipidemia, and hypertension were selected as covariates based on clinical plausibility and previous research (16, 22–24). Age was divided into two groups based on clinical significance (<35, and ≥35 years). BMI was categorized into normal (<25 kg/m2), overweight (25-30 kg/m2), and obesity (≥30 kg/m2) by clinical significance. Smoking status was classified as “yes” or “no” based on self-reported having smoked at least 100 cigarettes in their lifetime. The categorization of alcohol status was determined through self-reporting as follows: heavy, self-reported ≥4 drinks every day; mild/moderate, self-reported ≤3 drinks every day; former, did not drink last year but drank ≥12 drinks in lifetime or self-reported ≥12 drinks in 1 year and did not drink last year; never, self-reported <12 drinks in lifetime. PIR is categorized into three degrees (<1.5, 1.5-3.5, and ≥ 3.5). PA was assessed using weekly physical activity participation information collected by the Global Physical Activity Questionnaire (25). CKD was diagnosed according to the estimated glomerular filtration rate (26). DM is diagnosed if any of the following two conditions are satisfied: 1) doctor told you that you have diabetes. 2) Taking antidiabetic medication. The definition of hyperlipidemia meets one of the following three criteria: 1) Triglyceride levels ≥ 150 mg/dL. 2) Total cholesterol levels ≥ 5.18 mmol/L; low-density lipoprotein levels ≥ 3.37 mmol/L; high-density lipoprotein levels < 1.3 mmol/L. 3) Use of lipid-lowering medication. Hypertension was diagnosed if any of the following three conditions are satisfied: 1) doctor told you that you have hypertension. 2) Taking antihypertensive medication. 3) as a mean blood pressure exceeding 140/90 mmHg for systolic pressure and diastolic pressure, respectively.




2.4 GWAS sources

Data for endometriosis were collected from GWAS summary data of FinnGen consortium release data, UK BIOBANK release data, and Jiang L et al. (PMID: 34737426) (27). We used GWAS meta-analysis to integrate the above three GWAS studies to increase the sample size, improve the statistical power, and more accurately identify the genetic factors of diseases or phenotypes (28). GWAS Meta-analysis was conducted for 1,217,311 SNPs under a fixed-effects model with inverse variance weighting for overall endometriosis population. Finally, a total of 1,168,438 SNPs were used for linkage disequilibrium score (LDSC) analysis. Summary statistics on RA used in the current study were obtained from five GWAS, downloaded from the Integrative Epidemiology Unit (IEU) OpenGWAS database (GWAS ID: ukb-a-105, ukb-b-9125, ukb-b-11874, ukb-b-M06), and FinnGen consortium release data. Details of the GWAS studies included in our analysis were shown in Supplementary Table 1.




2.5 Statistical analyses

Weighting method was used in this study according to the complex NHANES data analysis (https://www.cdc.gov/nchs/nhanes/index.htm). For categorical variables (race, marital status, education level, smoking status, alcohol status, CKD, DM, hyperlipidemia, and hypertension), frequency and percentage (after weighting) were presented, while for continuous variables (age, BMI, PIR, PA, and SUA), median and standard deviation (SD) were presented. Pearson’s chi-square tests and Kruskal-Wallis tests were used to compare categorical and continuous variables between endometriosis and without endometriosis women, respectively.

Multivariable logistic regression was used to explore the relationship between endometriosis and arthritis by controlling four models. Crude model was unadjusted. Model 1 was adjusted for Age (continuous) + BMI (continuous). Model 2 was adjusted for model 1 + Race (White, Black, Mexican, Hispanic, Other race), Marital status (Married/Living with partner, Never married, Divorced/Separated/Widowed), Education level (College graduate or above, Some college or AA degree, High school/GED/Less than 11th grade), Smoking status (No, Yes), Alcohol status (Never, Former, Mild/Moderate, Heavy), PIR (continuous), and PA (continuous). Model 3 was adjusted for model 2 + SUA (continuous), CKD (No, Yes) + DM (No, Yes) + Hyperlipidemia (No, Yes) + Hypertension (No, Yes). We further performed subgroup and interaction analyses by all covariates to ensure the robustness of the result.

To investigate the overall genetic relationship between endometriosis and RA, we performed LDSC analysis (19, 29). As for MR analysis, it needs to satisfy three assumptions in order to investigate causal effects of exposure on the outcome: 1) The genetic variants were supposed to be correlated with EMs; 2) They should not be associated with confounding factors; and 3) They should affect RA only as mediated by the EMs (30). Instrumental variables (IVs) were screened to satisfy these three major assumptions (31): 1) To fulfill the first hypothesis, we extracted SNPs associated with EM at the genome-wide significance level (p < 5e - 8) as instrumental variables and calculated the F-statistics of these SNPs to quantify the strength of the instrumental variables and to exclude weak instrumental variables (F-statistics < 10); 2) To fulfill the second hypothesis, SNPs in linkage disequilibrium were excluded (r2 threshold < 0.001 within a 10000 kb window), and the remaining SNPs were extracted from the outcome datasets; and 3) To fulfill the second and third hypotheses, we retrieved potential confounders (with a threshold of 5E-8) through Phenoscanner (http://www.phenoscanner.medschl.cam.ac.uk/) and excluded instrumental variables associated with confounders. Genetic variants that preferentially satisfied those assumptions were shown in Supplementary Table 2. Genetic associations with all exposures were taken from a meta-analysis of GWAS, we obtained SNP-specific Wald estimates and then used inverse variance weighting (IVW) with multiplicative random effects, MR-Egger, and weighted median (WM) (32). The IVW method is a classical method for MR analysis, where the weighted average is calculated by taking the reciprocal of the variance of each IV as the weight, ensuring the effectiveness of all IVs (20). MR Egger utilizes a weighted linear regression analysis, providing robust estimates that are independent of the validity of instrumental variables. Nevertheless, it is crucial to acknowledge that these estimates may have lower statistical precision and can be influenced by outlier genetic variation. On the other hand, The problem of estimation accuracy variability is tackled by the WM approach. In a manner reminiscent of the IVW approach, the WM method assigns inverse weights that are contingent upon the variance of individual genetic variants, demonstrating reliability even when causal effects are violated (33). In addition, two MR analysis methods, including simple mode and weighted mode, were used as supplementary analyses (33).

R software (version 4.3.2; http://www.R-project.org) was used to manage and analyze the data. A two-tailed P value of <0.05 was regarded as statistical significance.





3 Results



3.1 Characteristics of study population from NHANES

Characteristics of study population with weighted estimates are shown in Table 1. A total of 2,915 women aged 20-54 years from NHANES 1999-2006 were included, among whom 243 were told as having endometriosis. The mean age for women with endometriosis was 41.11 ± 0.49 years, while for those without endometriosis, it was 37.89 ± 0.27 years. In comparison to women without endometriosis, those with endometriosis were more likely to be Non-Hispanic White, Divorced/Separated/Widowed, with higher income-to-poverty ratio, and higher SUA levels (p < 0.05). Additionally, the prevalence of arthritis was higher among women with endometriosis (25.93%) compared to those without endometriosis (13.64%). Notably, no significant differences were observed between the two groups concerning BMI, education level, smoking, alcohol status, PA, CKD, DM, hyperlipidemia, and hypertension.


Table 1 | Characteristics of women aged 20-54 years from NHANES 1999-2006, weighted.






3.2 Associations between endometriosis and arthritis from NHANES

The relationships between endometriosis and the risk of arthritis were investigated through multivariate regression models, and the results are presented in Table 2. In crude model, the odds ratio (OR) for endometriosis and arthritis was 2.22 (95% CI: 1.61, 3.05; p < 0.0001). These findings remained consistent across different adjustment models, namely model 1 (OR: 2.01; 95% CI: 1.42, 2.85; p < 0.001), model 2 (OR: 1.87; 95% CI: 1.32, 2.66; p < 0.001), and model 3 (OR: 1.89; 95% CI: 1.33, 2.67; p < 0.001). Additionally, we explored the associations between endometriosis and different types of arthritis, showed in Table 3. The analysis revealed a positive significant association between endometriosis and RA, with an OR of 2.07 (95% CI: 1.03, 4.17; p = 0.04). The baseline data of patients with RA were shown in Supplementary Table 3. Similarly, endometriosis also showed positive significant associations with other types of arthritis (OR: 2.78; 95% CI: 1.30, 5.95; p = 0.01), and cases that the arthritis type was unknown (OR: 2.06; 95% CI: 1.36, 3.11; p = 0.001). However, the associations between endometriosis and osteoarthritis were not statistically significant, with an OR of 1.40 (95% CI: 0.70, 2.80; p = 0.33).


Table 2 | Associations between endometriosis and the risk of arthritis in U.S. women from NHANES 1999-2006.




Table 3 | Associations between endometriosis and the risk of different arthritis in U.S. women from NHANES 1999-2006.






3.3 Subgroup and interactive analyses of endometriosis and arthritis from NHANES

We performed subgroup analyses to assess the stability of the association between endometriosis and arthritis in different populations based on age, BMI, race, marital status, education level, smoking status, alcohol intake, PIR, CKD, DM, hyperlipidemia, and hypertension (Figure 2). All covariates in each subgroup analysis model were adjusted, except the stratification variable itself. The results showed that endometriosis was positively associated with arthritis in different subgroups, except subgroups of other race, college graduate or above, and mild/moderate alcohol user. No significant interactions were observed, indicated that the positive correlation between endometriosis and arthritis was also not affected by the interaction among different subgroups (all p for interaction > 0.05), except subgroup of hyperlipidemia (p for interaction = 0.02).




Figure 2 | Subgroup and interactive analyses of endometriosis and arthritis from NHANES. Adjusted for Age (continuous), BMI (continuous), Race (White, Black, Mexican, Hispanic, Other race), Marital status (Married/Living with partner, Never married, Divorced/Separated/Widowed), Education level (College graduate or above, Some college or AA degree, High school/GED/Less than 11th grade), Smoking status (No, Yes), Alcohol status (Never, Former, Mild/Moderate, Heavy), PIR (continuous), Physical activity (continuous), serum uric acid (continuous), Chronic kidney disease (No, Yes), Diabetes mellitus (No, Yes), Hyperlipidemia (No, Yes), Hypertension (No, Yes). All covariates in the subgroup analysis models were adjusted, except the stratification variable itself (for example, “age” was not included as a covariate in the age subgroup). CI, confidence interval; GED, general educational development; OR, odds ratios; NA, not applicable.






3.4 Causal relationship between endometriosis and RA from genetic correlation analysis and MR analysis

As the significantly positive correlation between endometriosis and RA was observed using NHANES 1999-2006 database, we further conducted genetic correlation analysis and MR analysis to deduce the causal relationship between endometriosis on RA. We did not find an overall genetic correlation between endometriosis and sets of RA (all P value >0.05), as shown in Table 4. This result suggests endometriosis and RA do not share a genetic relationship, or that their potential relationship is not related to genetics.


Table 4 | Genetic correlation analysis between endometriosis and RA.



Results from MR analysis (Figure 3) suggested that no causal relationship was found between endometriosis and RA using the IVW method, the OR of five GWAS for RA were 1.05 (95% CI: 0.78, 1.40), 0.91 (95% CI: 0.74, 1.12), 1.00 (95% CI: 0.93, 1.08), 1.00 (95% CI: 0.96, 1.03), and 1.01 (95% CI: 0.97, 1.04), respectively. Additionally, these results were consistent with other supplementary MR methods (Weighted median, MR Egger, Simple mode, Weighted mode) in terms of the causal relationship estimation, thus indicating that there was no causal relationship between endometriosis and RA, and these findings are reliable and robust. Scatter plots for MR also revealed that no causal relationship was found between endometriosis and RA, shown in Supplementary Figure 1.




Figure 3 | Causal relationship between endometriosis and RA from MR analysis. CI, confidence interval; EMs, endometriosis; IVs, instrumental variables; OR, odds ratios.



As a result of the sensitivity analysis, no horizontal pleiotropy (all P intercept > 0.05, shown in Supplementary Table 4), heterogeneity (all P value for Cochran’s Q test > 0.05, and the funnel plot presents a symmetric property, shown in Supplementary Table 5 and Supplementary Figure 2), and reverse causality (all correct causal direction were true, and all P value for MR-Steiger < 0.05, shown in Supplementary Table 6) were found in the selected instruments. These results were confirmed by leave−one−out sensitivity analysis (Supplementary Figure 3). Thus, the sensitivity analysis supports the robustness of the main findings, indicating no causal relationship between endometriosis and RA.





4 Discussion

In this study, we integrated a cross-sectional study using NHANES 1999-2006, genetic correlation analysis, and MR analysis using GWAS summary statistics to investigate the association between endometriosis and arthritis. Our finding suggested that endometriosis had positive association with arthritis, especially with RA, after controlling for potential confounders of age, BMI, race, marital status, education level, smoking status, alcohol status, PIR, PA, SUA, CKD, DM, hyperlipidemia, hypertension. However, the results of genetic correlation analysis and MR analysis did not support a causal association between endometriosis and RA, suggesting that their potential relationship is not related to genetics.

Endometriosis is a chronic systemic, inflammatory gynecologic disorder, associated with a wide range of symptoms and high-risk comorbidities (1). Accumulating evidence implicates a positive correlation between endometriosis and autoimmune diseases, including systemic lupus erythematosus, Sjogren’s syndrome, ankylosing spondylitis, psoriatic, rheumatoid arthritis (8, 11, 14, 17, 34, 35). The Nurses’ Health Study II (N = 114,453, over a 22-year period of follow-up) suggested an association between endometriosis and risk of RA (HR = 1.41; 95% CI: 1.05, 1.89) (11). Similarly, another large nationwide population-based cohort study(N = 28, 926, over a 13-year period of follow-up) from Taiwan reported patients with endometriosis had a higher risk of RA (HR = 1.75; 95% CI: 1.27, 2.41) (16). Moreover, a large-scale nested case-control study (30, 516 cases with endometriosis and 120, 976 control participants) from Japan released that there were significant positive associations between endometriosis and RA, the incidence rate ratio was 1.31 (95% CI: 1.05, 1.64) (17). In addition, a meta-analysis from two cross-sectional studies showed that compared to the general female population, women with endometriosis had a significantly greater risk of RA (OR = 1.50,95% CI: 1.18,1.91) (8). Recently, another meta-analysis findings indicated that endometriosis increases the risk of RA, with a RR of 1.89 (95% CI: 1.04, 3.42) in cohort studies and an OR of 1.40 (95% CI: 1.19, 1.64) in case-control and cross-sectional studies (15). Consistently to those studies, in our cross-sectional study, we also found endometriosis had positive association with arthritis (OR = 1.89; 95% CI: 1.33, 2.67). Particularly noteworthy is the heightened association between endometriosis and RA, with an OR of 2.07 (95% CI: 1.03, 4.17) after adjusting for multiple variables.

The limitations of cross-sectional studies restrict their ability to establish a causal relationship between endometriosis and RA. Challenges arise in discerning the sequence of disease development and manifestation, as well as identifying potential causal relationships. In cohort studies, unknown confounding factors may influence the results, and we cannot exclude the possibility that unmeasured confounding factors affect the reported associations between endometriosis and RA. Therefore, based on the significantly positive correlation between endometriosis and RA was observed from a cross-sectional study using NHANES 1999-2006 database, we further performed the genetic correlation analysis and MR analysis to clarify the causal relationship between endometriosis and RA. LDSC regression, a widely employed method for genetic correlation analysis, enables the assessment of single nucleotide variant-based phenotype heritability and coheritability between two traits (19, 29). MR analysis, less susceptible to biases from confounding factors and reverse causality (36), can be utilized to explore the causal relationship between endometriosis and RA.

The findings from gene association studies and/or GWASs have indicated the presence of genetic polymorphisms between endometriosis and RA, suggesting a shared a similar genetic background between these two conditions (18). Some of the implicated genes include protein tyrosine phosphatase non-receptor type 22 gene (37), chemokine CC motif ligand 21 gene, human leukocytes antigen (HLA)-DRB1 gene (37, 38), and IL-6 gene (39, 40). However, a comprehensive genetic correlation analysis of endometriosis and its comorbidity with other conditions found that none of the autoimmune conditions, such as celiac disease, Crohn’s disease, inflammatory bowel disease, ulcerative colitis, systemic lupus erythematosus, RA, and multiple sclerosis, demonstrated a significant genetic correlation with endometriosis (27). Similarly, based on GWAS meta-analysis summary statistical data, LDSC regression analysis between endometriosis and RA did not reveal any significant findings in our study (all P values > 0.05). Moreover, to ascertain the causal role of endometriosis in RA, MR analysis was undertaken using five GWAS summary datasets from the European population. The MR results did not provide evidence supporting a causal relationship between endometriosis and RA, indicating that their potential relationship is not genetically driven. These results remained consistent across various MR methods, including the primary IVW method, and supplementary MR approaches corroborated the reliability of this non-causal relationship. However, evidence from a recent MR study by Tang T et al. found that the results of the IVW model suggested a causal association between genetic predisposition to endometriosis and an increased risk of RA (OR = 1.005, 95% CI: 1.001, 1.009, p = 0.014). Considering that this study only used GWAS summary data for both the exposure (endometriosis) and the outcome (RA), their results need to be interpreted with caution. In our study, we utilized a GWAS meta-analysis to integrate data from three GWAS studies on endometriosis (as shown in Supplementary Table 1), thereby increasing the sample size, improving statistical power, and more accurately identifying genetic factors associated with the diseases or phenotypes (28). Additionally, the summary statistics on RA used in our study were obtained from five GWAS (as shown in Supplementary Table 1), which significantly strengthened the evidence supporting our conclusions.

Observational studies have noted a positive association between endometriosis and RA, yet genetic correlation analysis and MR analysis suggest that this relationship is not causal. Rather than being driven by intrinsic genetic inheritance, it appears that other extrinsic factors may underlie this association. Several studies have proposed that the positive association between endometriosis and RA could be attributed to the imbalance of the immune system in clinical practice (8). Endometriosis, characterized as a systemic inflammatory disease, may serve as a driver of RA. Alterations in cell-mediated and humoral immunity observed in patients with endometriosis could potentially explain the heightened risk of RA in this population (8). Numerous studies have shown increased concentrations of interleukins (IL-1, IL-6, IL-8, and IL-33), tumor necrosis factor-alpha, insulin-like growth factor 1, and vascular endothelial growth factor in endometriosis patients, among endometriosis lesions and peritoneal fluid (4, 41–44). Additionally, it’s been observed that patients with endometriosis often exhibit an increase in neutrophils and macrophages within their peritoneal fluid (45). The meta-analysis findings indicate that there is an elevation in B lymphocytes and excessive production of autoantibodies in endometriosis (46). Elevated proinflammatory cytokines and alterations in immune cell populations contribute to the creation of a broad inflammatory environment in endometriosis, extending beyond the pelvic region. These factors may also play a crucial role in mediating the pathogenesis of RA. Finally, it’s worth noting that endometriosis and RA primarily occurs in women of reproductive age. This is because hormonal factors also play a significant role in the development of both conditions (4, 47).

The advantage of our study lies in its comprehensive approach to investigating the causal relationship between endometriosis and arthritis. We employed three study design methods: observational study, genetic correlation analysis, and MR study, enabling a thorough exploration of this relationship. The multivariable regression models and subgroup analyses among different subgroups provide the stability of the positive relationship between endometriosis and RA. Furthermore, the genetic correlation analysis and MR analysis can avoid unmeasured confounding and reverse causality bias.

However, our study also has several limitations. Firstly, participants’ self-reported diagnoses of endometriosis and arthritis were based on whether a doctor or other health professional had ever told them they had the condition, which can reduce bias caused by participants. However, this approach may still inevitably introduce recall bias in this study. Secondly, in the NHANES 1999-2006 cycle, the categorization of arthritis types included rheumatoid arthritis, osteoarthritis, “don’t know”, and “other” category without explicit definition of the specific types included. This lack of detailed categorization may limit the precision of our findings regarding arthritis subtypes. Third, our study primarily focused on European and American populations, which may restrict the generalizability of our findings to other ethnic groups. This limitation underscores the need for future research with larger and more diverse sample sizes to validate our findings across different ethnic populations. Additionally, our study does not directly explain the mechanism underlying the relationship between endometriosis and RA, which will require future investigation through specific cell and animal experiments. We will further study this issue in future research. Finally, although multiple variables were adjusted for, there may still be unmeasured confounding factors that could influence the results, which is an unavoidable deficiency of observational studies. To address this, we employed LDSC and MR analyses, which use genetic variation as a natural experiment to explore genetic correlations and infer causality from observational data, thereby reducing confounding from unmeasured variables. However, LDSC and MR analyses suggested that their potential relationship is not related to genetics. Therefore, well-designed large prospective cohort studies with more confounding control and standardized data collections are needed in the future to further validate these results.




5 Conclusions

In conclusion, a cross-sectional study identified a significant positive association between endometriosis and arthritis among US women aged 20-54 years from NHANES 1999-2006, particularly with RA. However, findings based on genetic correlation analysis and MR analysis did not support a genetic correlation or causal role. These findings suggest that clinicians should pay more attention to the coexistence of RA in endometriosis patients and explore the shared pathophysiological mechanisms of these two disorders, with a particular focus on extrinsic factors rather than intrinsic genetic inheritance.
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Never married 598 (17.75) 571 (18.64) 27 (949)
Divorced/Separated/Widowed 486 (15.96) 432 (15.51) 54 (20.05)
Education level, n (%) 0.06
College graduate or above 740 (29.74) 679 (30.16) 61 (25.83)
Some college or AA degree 1054 (37.12) 967 (37.52) 87 (33.35)
High school/GED/Less than 11th grade 1121 (33.14) 1026 (32.31) 95 (40.82)
Smoking, n (%) 027
No 1748 (57.34) 1615 (57.76) 133 (53.42)
Yes 1167 (42.66) 1057 (42.24) 110 (46.58)
Alcohol status, n (%) 0.05
Never 404 (11.83) 381 (12.02) 23 (10.12)
Former 401 (12.65) 358 (12.15) 43 (17.24)
Mild/Moderate 1470 (53.45) 1338 (53.19) 132 (55.83)
Heavy 640 (22.08) 595 (22.65) 45 (16.81)
Income to poverty ratio, mean + SD 3.16 (0.05) 3.13 (0.06) 3.42(0.12) 0.03
Physical activity, MET-h/week, mean + SD 847.06 (38.05) 844.79 (40.18) 868.01 (84.98) 0.80
SUA, pmol/L, mean + SD 26649 (1.65) 265.51 (1.60) 275.56 (4.27) 0.01
Chronic kidney disease, n (%) 0.67
No 2664 (92.61) 2441 (92.52) 223 (9347)
Yes 251 (7.39) 231 (7.48) 20 (6.53)
Diabetes mellitus, n (%) 0.44
No 2774 (96.18) 2540 (96.08) 234 (97.10)
Yes 141 (3.82) 132 (3.92) 9 (2.90)
Hyperlipidemia, n (%) 0.30
No 1017 (35.38) 936 (35.71) 81 (32.33)
Yes 1898 (64.62) 1736 (64.29) 162 (67.67)
Hypertension, n (%) 0.08
No 2270 (78.57) 2104 (79.11) 166 (73.60)
Yes ‘ 645 (21.43) 568 (20.89) 77 (26.40)
Arthritis, n (%) < 0.0001
No 2496 (85.16) 2319 (86.36) 177 (74.07)
Yes 419 (14.84) 353 (13.64) 66 (25.93)

*All estimates accounted for sample weights and complex survey designs, and percentages were adjusted for survey weights of NHANES. BML, body mass index; GED, general educational
development; NHANES, National Health and Nutrition Examination Survey; SD, standard deviation; SUA, serum uric acid; p value in bold indicates statistical signiﬁcance.
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