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Objective: To investigate the risk of developing OA in patients diagnosed with RA.

Methods: In this study, we presented gender, age, urbanization, occupation and, comorbidities in a RA cohort and a non-RA cohort based on number and percentage. We investigated the OA risk in patients with RA. We conducted a retrospective cohort study with a 13-year longitudinal follow-up in Taiwan. Patients who received RA diagnoses between 2000 and 2012 were enrolled in the study cohort. The non-RA cohort were 1:1 propensity score matched with the RA cohort by age, gender, index year, urbanization, occupation, and comorbidities. The hazard ratios (HRs) and adjusted HRs (aHRs) were estimated after confounders were adjusted. Sensitivity analysis utilizing the Longitudinal Health Insurance Database (LHID) was conducted.

Results: We totally enrolled 63,626 cases in RA patients (study cohort) and matched controls. In the RA cohort, the crude HR for OA was 2.86 (95% confidence interval (CI), 2.63–3.11, p < 0.001), and the aHR was 2.75 (95% CI, 2.52–2.99, p < 0.001). (The study demonstrated that patients with RA had a higher risk for developing OA compared with the non-RA controls.

Conclusion: Developing effective OA prevention strategies are necessary in patients with RA. This finding may be extended to evaluate the risk of OA among other kinds of inflammatory autoimmune diseases. Identifying the key pathogenesis mechanisms are necessary in the future study.
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INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disease characterized by chronic inflammation that can cause joint destruction. It may interfere with daily activities and have a serious adverse effect on quality of life (1). RA patients usually show painful symmetrical joint swelling and warmth, and morning stiffness (2). In Asia, the average age of onset of RA is 50-years-old, affecting 0.1–0.3% of the general population, predominately women (3). The average age-adjusted annual incidence rate is 15.8 per 100,000 people in Taiwan and the adjusted incidence rate is 20.9–25.2 and 7.0–8.2 per 100,000 person-years in women and men, respectively (4). The pathogenesis of RA is very complex, involving environmental factors and genetic factors (5). About half of RA patients experience specific serological abnormalities several years before symptoms appear (6). RA is characterized by highly vascularized synovitis, which leads to bone erosion, cartilage damage, and joint destruction (7). Inflammatory cytokines, such as tumor necrosis factor alpha (TNFα), interleukin (IL)-1, and IL-6, play a crucial role in the pathogenesis of RA (8).

Osteoarthritis (OA) is a common musculoskeletal disease (9). OA affects 240 million people worldwide, ~10% of men and 18% of women over 60 years of age suffer from OA (10). OA is the most common joint disorder in the United States (11). For Taiwanese between the ages of 65 and 84, the self-reported male prevalence rate is 20–24%, and the female is 34–35% (12). OA is originally thought to be a degenerative joint disease caused by “wear,” but the current perception of the disease is that inflammation may also be one of the key factors in the occurrence and progression of OA (13). Some inflammatory cytokines are involved in the pathophysiological events in OA (14). The most important mediators controlling OA appear to be inflammatory cytokines, including IL-1β, TNFα, IL-6, IL-15, IL-17, and IL-18 as well as anti-inflammatory cytokines such as IL-4, IL-10, and IL-13 (13).

According to the above literature review, chronic inflammation is one of the major causes in both RA and OA. Chronic inflammation can also cause damage to cartilage and soft tissue, followed by joint instability. It seems to create a link between RA and OA disorders. We hypothesized that patients with RA may have an increased risk of developing OA. This longitudinal retrospective population-based cohort study aims to investigate the risk of developing OA in patients diagnosed with RA using the National Health Claims Database in Taiwan.



EXPERIMENTAL SECTION


Data Sources and Ethics Approval

In 1995, the Taiwanese government established a database called the National Health Insurance Research Database (NHIRD), which contains a history of outpatients, inpatients, medical treatments, and medication prescriptions. As of today, more than 99% of Taiwanese citizens are registered in the database. The database is encrypted for privacy before it is released for research.

In this study, we conducted analysis of the population-based inpatients file from 1996 to 2013 based on NHIRD. The diagnoses are coded according to the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM). In sensitivity analysis, a subset of NHIRD, the Longitudinal Health Insurance Database (LHID) is applied. The study was approved by the Research Ethics Committee of China Medical University and Hospital in Taiwan (CMUH). The approval number is CMUH-104-REC2-115-R3.



Study Subjects

To clarify the association between RA and OA, we defined two cohorts in this study: the RA cohort and non-RA cohort. Patients who were newly diagnosed and hospitalized by RA (ICD-9-CM code: 714.0) and had received catastrophic illness cards between 2000 and 2012 were identified as RA patients. The application date for a catastrophic illness card was set as the index date. The non-RA cohort were 1:1 propensity score matched with the RA cohort by age (every 5-year span), gender, index year, urbanization, occupation, and comorbidities. OA was defined by ICD-9-CM code: 715. xx. In order to improve the accuracy of the diagnosis of OA, only patients who had been hospitalized with OA were included. Patients younger than 20 years of age and diagnosed with OA before the index date were excluded.

Comorbidities were considered as important confounding factors, the comorbidities included hypertension (ICD-9-CM code: 401−405), diabetes (ICD-9-CM code: 250), hyperlipidemia (ICD-9-CM code: 272), COPD (ICD-9-CM code: 491, 492, 496), chronic liver diseases (ICD-9-CM code: 571.0, 571.1, 571.2, 571.3, 571.40, 571.41, 571.49, 571.5, 571.6, 571.8, 571.9, V02.61, 070.20, 070.22, 070.30, 070.32, V02.62, 070.41, 070.44, 070.51, 070.54), and gout (ICD-9-CM code: 274). All study subjects were observed until OA occurred, death, withdrawal from NHIRD, or December 31, 2013.



Statistical Analysis

In this study, we presented gender, age, urbanization, occupation, and comorbidities in a RA cohort and a non-RA cohort based on number and percentage. The mean age was described by mean and standard deviation. The difference of each variable in RA and the comparison cohort were calculated by standardized mean differences (SMD). A value <0.1 indicated that the difference between the two groups was negligible.

To estimate the risk of OA in a RA cohort and the comparison cohort, we used the Cox proportional hazard model and showed the results by hazard ratio (HR) and adjusted hazard ratio (aHR). The cumulative incidence curves of the two groups were plotted by the Kaplan Meier method and statistical significance was checked by the Log-rank test. A two-tailed p < 0.05 was considered statistically significant. All statistical analyses in this study were analyzed using SAS statistical software version 9.4 (SAS Institute Inc., Cary, NC). The figure of cumulative incidence curve was plotted by R software.



Sensitivity Analysis

In the sensitivity analysis, we applied datasets from the LHID, which included one million randomly selected patients in the database of NHI. The difference between this dataset and the inpatients file is that the dataset includes information about drug use and a record of outpatient visits. In order to compare the two, we attempted to make the design of the studies identical. As a starting point, the definition of RA was based on the diagnosis of RA (ICD-9-CM code: 714.0) with the additional criteria of a catastrophic illness card. As an end point, the definition of osteoarthritis was based on the diagnosis of osteoarthritis (ICD-9-CM code: 715. Xx), with at least two outpatient visits or one inpatient visit.

We modified gender, age, urbanization, occupation, comorbidities, and medications for RA in the Cox proportional hazard model, for these factors might be significant confounding factors. Modified comorbidities were the same as the previous model, and the definition of having had comorbidities was based on the following criteria: (1) A record of being diagnosed with a comorbidity before the index date (2) With at least two outpatient visits or one inpatient visit. We also modified drugs for RA in this model, including DMARDs (ATC codes, L01BA01, A07EC01, L04AD01, P01BA02, M01CC01, L04AA13), NSAIDs (ATC code, M01A), steroids for RA (ATC codes, H02AB04, H02AB06), and Biologic therapies (ATC codes, L04AB04, L04AB01, L04AB02, L01XC02, L04AA24, L04AC07). The definition of taking RA drugs was determined based on the record of received prescription drugs in the period of the present study.




RESULTS


Enrollment and Patient Characteristics

To explore the association between RA and OA, we recruited a total of 63,626 subjects; of which 31,813 were RA patients and the rest were non-RA patients (Table 1). In this study, about 77% were women and 23% were men. The mean ages of the non-RA and RA cohorts were 53.48 and 53.31 years, respectively. After propensity score matching, there was no significant difference between the two cohorts in each of the variables mentioned above.


Table 1. Demographic characteristics and comorbidities of patients newly diagnosed Rheumatoid arthritis (RA) in Taiwan during 2000–2012.
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Risk Analysis for Developing of OA in RA Patients

Table 2 shows the adjusted hazard ratio of OA occurring in the RA and non-RA cohorts determined by the Cox proportional hazard model after controlling all other variables. Our results show that patients with RA had greater risk of developing of OA. In patients without RA as a reference group, the risk of OA in RA patients was 2.75 times higher than in patients without RA (95% confidence interval: 2.52–2.99). Examining other variables, the risk of developing OA in men is 0.71 times than that of women (95% CI: 0.64–0.78). The risk of OA among patients aged 40–64 was higher than those patients aged 20–39 (aHR = 3.61). For patients over 65 years of age, the risk of OA was 7.00 times higher than that of patients aged 20–39 (95% CI: 5.80–8.44). The lowest level of urbanization was associated with a high risk of OA (aHR = 1.25). The OA risk of manual workers was 1.32 times higher than that of office workers (95% CI: 1.21–1.43). The presence of baseline comorbidities was associated with an increased risk of OA. The diagnosis of hypertension (aHR = 1.21, 95% CI: 1.07–1.36) and gout (aHR = 1.39, 95% CI: 1.16–1.67) increased the risk of OA in the RA cohort. However, those diagnosed with diabetes mellitus (aHR = 0.86, 95% CI: 0.74–1.01), hyperlipidemia (aHR = 1.10, 95% CI: 0.90–1.34), COPD (aHR = 0.95, 95% CI: 0.76–1.18), and chronic liver disease (aHR = 0.85, 95% CI: 0.72–1.01) with the diagnosis of RA had no significantly higher risk compared to the non-RA cohort.


Table 2. Cox model measured hazard ratio and 95% confidence intervals of osteoarthritis associated with and without Rheumatoid arthritis (RA) patients.
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Table 3 shows the sites of osteoarthritis in all the involved patients. Over half of the tracked patients had their osteoarthritis on their lower leg, with the ratio of 65.9 percent. Pelvic region and thigh was also a popular site for the occurrence of osteoarthritis, with 11.4% of patients suffering OA in that region.


Table 3. Sites of Osteoarthritis in the model of impatient file.
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Tables 4–6 demonstrated sensitivity analysis results. The baseline characteristic of patients in this model is shown in Table 4. The ratio of female and male patients was ~77 and 23%, respectively. The mean ages of the non-RA cohorts were 47.9 years and the RA cohorts 46.6 years. Through propensity score matching, the difference between variables in the two cohorts of this model has been eliminated. Table 5 showed the Cox proportional hazard model. In the LHID dataset, the incidence rate of RA patients developing subsequent osteoarthritis was 45.70 per 1,000 person-year, and the aHR was 1.43 (95% C.I., 1.06–1.94). Table 6 showed the sites of osteoarthritis in the LHID dataset. About 50 percent of the sites were recorded unspecified. Within all specified sites, the lower leg was the most frequently diagnosed area for osteoarthritis, with a ratio of 30.8 percent. Figure 1 shows that the cumulative incidence of OA in the RA cohort was significantly higher than in the non-RA cohort (p < 0.001).


Table 4. Demographic characteristics and comorbidities of patients newly diagnosed Rheumatoid arthritis (RA) in Taiwan during 2000–2012, in LHID dataset.
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Table 5. Cox model measured hazard ratio and 95% confidence intervals of osteoarthritis associated with and without Rheumatoid arthritis (RA) patients, in LHID dataset.
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Table 6. Sites of Osteoarthritis in LHID dataset.
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FIGURE 1. Kaplan Meier survival curves followed up for 10 years in RA and non-RA cohorts.





DISCUSSION

There were no previous epidemiological studies on the association between RA and OA. Our longitudinal retrospective cohort study revealed that patients with RA were at higher risk of developing OA after adjusting the demographic factors and comorbidities. The risk of OA in RA patients was 2.75 times higher than in patients without RA. Our study demonstrated that RA was also one of the important risk factors for OA. Given the high disability burden of OA, OA prevention was very important in RA patients.

Current evidence on OA-related risk factors include systemic and local risk factors. Systemic risk factors include social demographics, genetics, obesity, metabolic syndrome, diet, and bone mineral density (15). Older age was a well-known risk factor for OA (16–18). This study found that patients of 40–64 years of age had a higher risk of OA than patients aged 20–39 years (aHR = 3.61). For patients over 65 years of age, the risk of OA is 7.00 times higher than that of patients aged 20–39 years (95% CI: 5.80–8.44). Compared with women, men have less hand, foot and knee OA, but are more likely to develop cervical spine OA (16). Our study found that the risk of developing OA in men is 0.71 times than that of women (95% CI: 0.64–0.78). Several cohort studies also discussed whether occupational activities have an impact on OA. Two studies investigated the heavy physical workload, but both considered it not important (19, 20). However, our study showed that the OA risk of manual workers was 1.32 times higher than that of office workers (95% CI: 1.21–1.43).

Since the population-based inpatient file did not include information about outpatient visits and medications, we conducted the sensitivity analysis utilizing LHID to strengthen our findings. In this LHID model, definition of osteoarthritis does not merely include hospitalization, but also includes outpatient visits. Considering that some patients might be treated in an OPD setting but might never be hospitalized for OA related conditions, the definition in the sensitivity analysis could avoid these patients being excluded from the study. Additionally, in the LHID analysis, RA medication was added as a controlled variable in the Cox proportional hazard model. Although inpatient files were not able to provide information about medication and might cause confounding bias, the model in LHID was able to solve this problem.

In different RA patients, baseline status and sites of osteoarthritis differs. Previously, based on radiographs of patients' hands and feet, a research disclosed that in patients with early RA, osteoarthritis was common at the baseline. (21) However, in the present study, all patients with osteoarthritis were newly-diagnosed, and people diagnosed with osteoarthritis before the diagnosis of RA were excluded from our study. Accordingly, the baseline rate of osteoarthritis in both groups were zero. Examination of the Osteoarthritis Initiative (OAI) data revealed a link between elevated systolic blood pressure and increased incidence of radiographic knee OA (22). Our study showed hypertension increased the risk of OA 1.21 times in the RA cohort. Previous studies had rarely studied the relationship between hyperlipidemia and OA (17). A recent case-control study from the United Kingdom had shown that hyperlipidemia is an independent risk factor for new-onset OA (23). Our study showed hyperlipidemia did not increase the risk of developing OA in the RA cohort. A study shows that respiratory disease is one of the risk factors for OA (24). However, our research does not show that COPD increases the risk of OA in RA populations. Gouty arthritis is a common inflammatory arthritis affecting about 5% of the elderly population worldwide (25). The amount of uric acid in a person's joints may increase the likelihood of OA (26). Uric acid crystals deposited in the cartilage can cause cartilage degeneration, and OA (27). Our study showed gouty arthritis increased the risk of OA 1.39 times in the RA cohort. In addition, some recent reports do not support the association between diabetes and hand/knee OA (28–30). Our study also demonstrated that diabetes (aHR = 0.86, 95% CI: 0.74–1.01) along with a diagnosis of RA had no significantly lower risk compared to the non-RA cohort.

Chronic inflammation was considered a key pathogenesis factor of OA in patients with RA (31–33). Patients with RA exhibit chronic systemic inflammation, which can invade the soft tissues of the joints, such as the bursa and joint capsule which will impair the stability of the joint (34). Joint instability would increase cartilage wear and then OA developed (11, 15). Inflammation can also vitiate the remodeling and healing of the cartilage and increase the vulnerability of RA patients in developing OA lesions. The increased expression of inflammatory cytokines in RA patients was also found in OA patients (31–33). Besides, anti-inflammatory cytokines such as IL-4, IL-10, and IL-13, had been found to be involved in the pathogenesis of OA (13, 14). New understanding on the role of inflammation in both RA and OA has given insights into a possible shared pathogenesis pathway. It revealed a close connection between these two disorders. Hence, the exposure of RA patients to chronic systemic inflammation may contribute to subsequent OA increases.

We used a nationwide, population-based claims database which can help minimize recall and selection bias. The strength of this study was in its large sample size. The sufficiently large sample size and robust analysis lends confidence to the final results. However, this study has some limitations that should be considered. Firstly, the diagnoses of RA, OA, and comorbidities were based on the ICD-9-CM code in the database; hence the accuracy should be addressed. However, to ensure an accurate diagnosis, the Bureau of NHI medical records are regularly reviewed by expert medical specialists. Furthermore, patients with RA in Taiwan can apply for catastrophic illness registration cards, which require approval by the Bureau of NHI before being issued. The above measures can ensure the accuracy of the diagnosis. Secondly, since our data sources were obtained from a secondary database, radiographic reports, serological data (including inflammatory markers), and lifestyle factors (for example, smoking, diet, BMI, and physical activity) were not available, and could not be included in the study. Finally, in the model using inpatient files, the influence of RA related medication such as steroids, NSAIDs, DMARDs, and biologic therapies, which will affect the progression of the disease were not analyzed. However, in the sensitivity analysis, the RA related medication has been adjusted to minimize the influence of this possible confounding factor.



CONCLUSION

This is a robust large-scale cohort study to investigate the risk of OA among patients with RA. Our study indicates that during the 13-year longitudinal follow-up period, RA patients were at a higher risk of being diagnosed with OA than the control cohort. Developing effective OA prevention strategies are necessary in patients with RA. This study may be extended to evaluate the risk of OA among other kinds of inflammatory autoimmune diseases. Identifying the key pathogenesis mechanisms are necessary for future study.
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