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Introduction: Despite the risk of incident chronic kidney disease among the patients with rheumatoid arthritis (RA), the association of RA and the risk of end-stage renal disease (ESRD) has not been clearly elucidated. We aimed to investigate the association of RA and the risk of ESRD.

Materials and methods: A total of 929,982 subjects with (n = 154,997) or without (n = 774,985) RA from the National Health Insurance Service (NHIS) database in Koreas (corresponding to the period between 2009 and 2017) were retrospectively analyzed. RA was defined by the International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM), codes plus any dispensing of disease-modifying anti-rheumatic drugs. The primary outcome was incident ESRD, identified by a combination of the ICD-10-CM codes and a special code assigned to patients receiving maintenance dialysis for ≥ 3 months or those with a transplant kidney.

Results: Compared to the subjects without RA, the subjects with RA resulted in an increased incidence of ESRD (incidence rates of 0.374 versus 0.810 cases per 1,000 person-years). Accordingly, compared to the subjects without RA, the risk of ESRD was significantly increased among the subjects with RA (adjusted hazard ratio 2.095, 95% confidence interval 1.902–2.308). Subgroup analyses revealed that the risk of ESRD imposed by RA is relatively higher in relatively young and healthy individuals.

Conclusion: Rheumatoid arthritis (RA) increase the risk of ESRD. As the risk of ESRD imposed by RA is relatively higher in relatively young and healthy individuals, kidney-protective treatment, such as biologic agents, should be preferentially considered among these patients with RA.
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1. Introduction

Chronic kidney disease (CKD) imposes a great burden on public health management system, with an estimated prevalence of 8–16% globally (1). A proportion of CKD progresses to end-stage renal disease (ESRD), the prevalence and incidence of which significantly varies regionally. In Korea, approximately 100,000 patients are treated with renal replacement therapy, and the number of patients with ESRD is rapidly growing recently (2). Hence, the identification of risk factors for the development and progression of CKD is becoming an issue of special concern.

Rheumatoid arthritis (RA) is a common chronic inflammatory disorder of the synovial joints and may eventually lead to permanent destruction of the involved joints unless it is adequately treated (3, 4). Due to the complexity of the disease, the current understanding of the pathophysiology and therapeutics for RA is still limited. For instance, although a large number of studies have shown that metformin treatment can reduce inflammation, delay disease progression and protect bone tissue in the RA progression, few studies focus on the relationship between metformin treatment and the risk of RA (5). Epidemiologic studies suggested that RA contributes to the other comorbidities, such as cardiovascular diseases (6–8). In vivo and in vitro studies demonstrated that oxidative stress and inflammatory cytokines triggered by chronic inflammatory process result in accelerated atherosclerosis in vascular beds (9, 10). In this context, RA may potentially increase the risk of development and progression of CKD due to the accelerated atherosclerosis. Higher prevalence of diabetes mellitus (DM) and hypertension (HTN) among the patients with RA has been also previously reported, which are well-known risk factors of CKD (11). Case reports of secondary glomerular lesions secondary to RA, such as mesangial proliferative glomerulonephritis and membranous nephropathy, have been published (12, 13). Further, medications chronically used in the management of RA, including biological and non-biological disease-modifying anti-rheumatic drugs (DMARDs) or analgesics like non-steroidal anti-inflammatory drugs (NSAIDs), may be directly detrimental to kidney function (14–16). Indeed, studies so far indicate that the risk of incident CKD is increased among the patients with RA (17, 18), despite some debates (19, 20). Yet, the association of RA and the risk of ESRD has not been clearly elucidated.

In the present study, we hypothesized that RA may increase the risk of ESRD. Taking advantage of a nationwide data from Nation Health Insurance Service (NHIS), we analyzed more than 154,997 patients with RA and age- and sex-matched 774,985 control subjects to determine RA as an independent risk factor of ESRD. We also conducted a series of subgroup analyses to define specific populations with higher risk of ESRD among the patients with RA.



2. Materials and methods


2.1. National Health Insurance Service data source

National Health Insurance Sharing Service provides publicly available anonymized data.1 In the present study, we used the national health insurance claims database established by the Korean NHIS, which includes sociodemographic data and all medical expenses for inpatient and outpatient services, pharmacy dispensing claims, and mortality data (21, 22). All insured Korean individuals older than 40 years of age undergo a biannual health checkup supported by the NHIS, and employed Koreans older than 20 years are required to undergo an annual health checkup (21). A subset of NHIS health checkup data corresponding to the period between 2009 and 2017 was analyzed in the current study. The institutional review board of Chonnam National University Hospital approved the study protocol (CNUH-EXP-2021-431). Patient identification numbers were anonymized to protect individual privacy. As all data to identify the individual patients were anonymized and deidentified for analysis, the institutional review board waived the need for informed consent.



2.2. Study population

We identified participants who were newly diagnosed with RA using the International Classification of Diseases, tenth Revision, Clinical Modification (ICD-10-CM), codes (M05.x, M06.x) plus any dispensing of DMARDs during the identification period from January 2010 to December 2017 (n = 286,148; 23). Disease-modifying anti-rheumatic drugs (DMARDs) in the current study included all of conventional synthetic DMARDs (e.g., methotrexate, hydroxychloroquine, leflunomide, sulfasalazine, tacrolimus, cyclosporine, D-penicillamine, bucillamine, and azathioprine), biological DMARDs (e.g., adalimumab, etanercept, infliximab, golimumab, rituximab, abatacept, and tocilizumab), and targeted synthetic DMARD (e.g., tofacitinib). Those who had not completed a health checkup within 2 years before the diagnosis of RA, those with any missing data, those with age < 20 years, and those with a history of ESRD before the diagnosis of RA were excluded. We additionally excluded the subjects who were diagnosed with ESRD or who died within 1 year after the diagnosis of RA, for the diagnostic accuracy of RA. For comparison between the subjects with and without RA, we selected the control group (without RA) by age-sex exact matching, and included five times as many subjects as RA cohort. Patients with RA who were not matched with controls without RA were further excluded.



2.3. Study design

A total of 929,982 subjects with (n = 154,997) or without (n = 774,985) RA were followed up from baseline to the date of ESRD diagnosis, the date of death, or the last checkup before 31 December 2019. The median follow-up duration was 4.69 years (Figure 1).
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FIGURE 1
 Flow diagram of the study population. ESRD, end-stage renal disease; RA, rheumatoid arthritis.




2.4. Data collection

The details of the data collection were previously described (21). Briefly, information on the subject’s smoking status, alcohol consumption, body mass index (BMI), and waist circumference was obtained during health examinations. Obesity was defined as BMI ≥ 25 kg/m2 (24). Participation in regular exercise was determined by the response to the question, “Did you do mid-term exercise for > 30 min on more than 5 days or vigorous exercise for > 20 min on more than 3 days during the past week?.” The participants were divided according to income into quintiles, where a low income was defined as the first quintile. Comorbid conditions, such as HTN, DM, and DL, were defined as previously described (21). The history of NSAID medication was identified by the WHO ATC code (M01A) within the 1 year before index date. Estimated glomerular filtration rate (eGFR) was calculated using Modification of Diet in Renal Disease equation (25). CKD was defined as an eGFR < 60 ml/min/1.73m2.



2.5. Study outcomes

The study endpoint was incident ESRD, which was defined as a status of requiring hemodialysis, peritoneal dialysis, or kidney transplant (21). Patients with ESRD were identified by a combination of the ICD-10-CM codes (N18-N19, Z49, Z94.0, and Z99.2) and a special code assigned to patients receiving maintenance hemodialysis or peritoneal dialysis for ≥ 3 months or those with a transplant kidney (V001, procedure-related outpatient care or inpatient treatment on the day of hemodialysis; V003, peritoneal dialysis; and V005, kidney transplant; 21). Individuals who had a kidney transplant or dialysis code on the same date as an acute kidney failure code (N17.9) were excluded from the study outcome event. We also excluded individuals receiving continuous kidney replacement therapy or short-term peritoneal dialysis from the study outcome event.



2.6. Statistical analyses

Data were presented as means ± standard deviation for continuous variables and as the number and proportion for categorical variables. To compare the characteristics of interest between groups, 2-sample independent t-tests were applied to continuous variables, and Chi-square test was used to assess binary and categorical variables. The event rate was calculated per 1,000 person-years. To identify the risk of ESRD by RA, Cox proportional hazard regression models were analyzed with the adjustments for the potential confounding factors. Cox proportional hazard models were presented as hazard ratios (HRs) and 95% confidence intervals (CIs). Pre-specified subgroup analyses were conducted, where interaction terms were added to test for effect modification across subgroups. To validate our findings, we performed sensitivity analyses. First, to assess the possibility of reverse causation, we excluded the subjects with ESRD occurring within 3 and 5 years of follow-up. Second, because a mortality event could compete with our outcome of interest, we used cause-specific hazard models, in which the death occurring before reaching the primary outcome was treated as a competing risk and censored (26, 27). Finally, we adopted the propensity score-matching analysis to balance the differences in covariates. All statistical tests were two-tailed, and p values < 0.05 were considered statistically significant. All data analyses were conducted using SAS software (version 9.4; SAS Institute).




3. Results


3.1. Baseline characteristics of the study population

The baseline characteristics of the subjects with RA and their age- and sex-matched control subjects (without RA) is described in Table 1. Smoking rate and the proportion of those with alcohol consumption, regular exercise, and low-income status were higher among the control subjects. Whereas the proportion of those with obesity was higher in the control subjects, the prevalence of DM, HTN, and DL was higher in the subjects with RA. The prevalence of CKD at the baseline was not significantly different between the two groups. BMI, SBP, and DBP were lower in the subjects with RA. Fasting glucose and total cholesterol were higher in the control subjects. eGFR was higher in the subjects with RA at the baseline. To summarize, despite the substantial differences in the baseline characteristics between the two groups, the prevalence of CKD at the baseline was similar.



TABLE 1 Baseline characteristics of study population.
[image: Table1]



3.2. Association of RA with the risk of ESRD

To compare the cumulative incidences of ESRD among the subjects with or without RA, Kaplan–Meier analyses were conducted (Figure 2), which visualized that the risks of ESRD are significantly increased in the subjects with RA (p < 0.001, by Log-rank test). To define the independent association of RA and ESRD, Cox regression models were analyzed (Table 2). The median follow-up periods were 3,663,252.01, and 728,414.58 person-years in the subjects without RA and in the subjects with RA, respectively. During follow-up, ESRD developed in 1,370 subjects without RA and in 590 subjects with RA. Compared to the subjects without RA, the subjects with RA resulted in an increased incidence of ESRD (incidence rates of 0.374 versus 0.810 cases per 1,000 person-years). Accordingly, compared to the subjects without RA, both unadjusted (unadjusted HR 2.166, 95% CI 1.967–2.386) and fully adjusted (adjusted HR 2.153, 95% CI 1.948–2.379) models demonstrated that the risk of ESRD is significantly increased among the subjects with RA.

[image: Figure 2]

FIGURE 2
 Kaplan–Meier curve for cumulative incidence of ESRD by RA. p value by Log-rank test. ESRD, end-stage renal disease; RA, rheumatoid arthritis.




TABLE 2 Cox regression analysis of rheumatoid arthritis (RA) for the risk of end-stage renal disease (ESRD).
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3.3. Subgroup analyses

To examine whether the association of RA with the risk of ESRD is modified by certain clinical contexts, we conducted a series of subgroup analyses (Table 3). In terms of interaction, the association of RA with the risk of ESRD was significantly more prominent in those with relatively young age (P for interaction < 0.001) and in those with alcohol consumption (P for interaction = 0.021). The association of RA with the risk of ESRD was also more strongly observed in those without comorbid conditions, such as obesity (P for interaction < 0.001), DM (P for interaction < 0.001), HTN (P for interaction < 0.001), DL (P for interaction < 0.001), and CKD (P for interaction < 0.001). The association of RA with the risk of ESRD was not altered by sex, smoking status, regular exercise, or low-income status.



TABLE 3 Cox regression analysis of RA for the risk of ESRD in various subgroups.
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3.4. Sensitivity analyses

To evaluate the possibility of reverse causation, a sensitivity analysis was performed by excluding the subjects with ESRD occurring within 3 years (Supplementary Table 1) and 5 years (Supplementary Table 2) of follow-up. Both models excluding the subjects with ESRD occurring within 3 years (adjusted HR 1.989, 95% CI 1.746–2.256) and 5 years (adjusted HR 1.944, 95% CI 1.623–2.328) demonstrated a significant association between RA and the risk of ESRD, suggesting the least likelihood of reverse causation. Next, we additionally used cause-specific hazard models, in which the death occurring before reaching the primary outcome was treated as a competing risk and censored (Supplementary Table 3). Even in this competing risk analysis model, RA was significantly associated with the risk of ESRD (adjusted HR 2.121, 95% CI 1.917–2.347), supporting the robustness of the association. Finally, the propensity score-matching analysis was adopted to balance the differences in covariates, which demonstrated much improved absolute standardized mean difference, especially for the use of NSAIDs, compared to that before propensity score-matching (Supplementary Table 4). The risk of ESRD associated with RA was still significant both in the model before (adjusted HR 2.142, 95% CI 1.857–2.470) and after (adjusted HR 2.130, 95% CI 1.847–2.457) adoption of competing risk analysis (Supplementary Table 5).




4. Discussion

In the present study, we found that RA is associated with an increased risk of ESRD, and that the association is significantly altered by various clinical contexts, such as age and comorbid conditions. Our finding is robust, because we demonstrated consistent results in a series of sensitivity analyses by excluding the subjects with ESRD occurring within 3 and 5 years of follow-up, and by adopting cause-specific hazard models, in which the death occurring before reaching the primary outcome was treated as a competing risk and censored. In addition, despite the substantial differences in the baseline characteristics, the prevalence of CKD among the subjects with or without RA was similar at the baseline. Moreover, eGFR was slightly, but significantly higher in the subjects with RA at the baseline. These all collectively suggest that RA increased the risk of ESRD in the affected individuals during the course of the disease.

It is of note that, contrary to the previous reports (17, 18), RA is not only associated with the development of CKD, but also associated with the progression of CKD to ESRD. This suggests that clinicians managing the patients with RA should also consider any strategies to protect the kidney concurrently, as RA usually requires life-long therapy. In this regard, the result from the subgroup analyses in the current study presents a valuable insight, in that the risk of ESRD among the patients with RA is significantly higher in the subjects with relatively young age. We assume that the risk of ESRD imposed by RA accumulates, and that the young patients have temporally more chance to be exposed to the cumulative risk of ESRD during the course of RA.

The precise mechanisms to associate RA and ERSD are not clearly demonstrated in the present study, while some possibilities could be speculated. Although a relatively higher prevalence of comorbid conditions, such as DM and HTN, which are well-known risk factors of CKD progression, has been reported among the patients with RA (11), the result from the subgroup analyses in the current study suggests that RA is directly, rather than the aggravation of underlying comorbidities, associated with the progression of CKD, as the association of RA with the risk of ESRD was significantly stronger among those without obesity, DM, HTN, DL, or CKD. It is assumed that the relative risk of ESRD attributable to RA may be attenuated if the subjects are already affected by the traditional risk factors for ESRD, such as obesity, DM, HTN, DL, and CKD. Indeed, RA is associated with chronic inflammation in vascular beds (9, 10), and may potentially increase the risk of development and progression of CKD due to the accelerated atherosclerosis. In addition, medications such as some DMARDs or NSAIDs may directly affect the kidney function (14–16), though the potential contribution of herbal and over-the-counter medications to the progression of CKD should also be considered. As the present study did not analyze individual medications used in the subjects, further studies to unveil the contribution of RA medication to the risk of ESRD should be warranted.

Regardless of the precise mechanism of the association between RA and ESRD, it seems prudent that RA patients who are relatively young and healthy (i.e., without other comorbid conditions) should be prioritized to be managed by a kidney-protective treatment strategy, such as biologic agents. A guideline already recommends to control disease activity to lower cardiovascular risk in patients with RA (28), as meta-analyses identified that the use of tumor necrosis factor inhibitors is beneficial to reduce the risk of cardiovascular events in patients with RA (29, 30). Likewise, a recent study reported that the use of biologic agents lowers the risk of incident CKD (31), whereas the use of biologics including etanercept, adalimumab, infliximab, abatacept, certolizumab, golimumab, rituximab, tocilizumab, and anakinra was associated with lower risk of incident CKD. The authors suggested that improved pain management resulting from the use of biologic treatment may help to reduce the need for potentially nephrotoxic anti-inflammatory agents such as NSAIDs and certain types of non-biologic DMARDs like D-penicillamine and cyclosporine. Based on the findings of the present study that the risk of ESRD imposed by RA is relatively higher in relatively young and healthy individuals, administration of biologic agents in this specific population should be preferentially considered among these patients with RA. In addition, protective and prophylactic measures, such as administration of nephroprotective agents including safe antioxidants and anti-inflammatory agents as supplementation, to decrease the incidence of ESRD among RA patients should also be established. For instance, omega-3 fatty acid attenuated methotrexate-induced nephrotoxicity in a pre-clinical trial (32), although it is necessary to further validate whether the use of omega-3 fatty acid lowers the risk of ESRD in patients with RA. In this context, it is worthy of note that Hagar et al. reported that the introduction of pharmaceutical care services in RA patient treatment protocol effectively resulted in an improvement in the detection and prevention of drug-related problems and showed a significant reduction in Disease Activity Score 28, Health Assessment Questionnaire, and Rheumatoid Arthritis Quality of Life Questionnaire scores (33).

Recently, it has been reported that oral administration of 1 g/day of vitamin C for a period of 16 weeks resulted in the reduction of serum levels of malondialdehyde and elevation of glutathione peroxidase levels among the patients on maintenance hemodialysis (34). Additionally, supplementation with omega-3 fatty in patients with ESRD significantly reduced total cholesterol level and oxidative stress markers (35). Another study was carried out to evaluate the effect of oral febuxostat on the endothelial dysfunction in patients with ESRD, which lead to the improvement in hyperuricemia and endothelial dysfunction by febuxostat with no safety concerns (36). Therefore, it is also required to evaluate whether the use of vitamin C, omega-3 fatty acid, or febuxostat could lower the risk of ESRD in patients with RA.

There are several limitations to be acknowledged in the current study. First, due to the retrospective nature of the study, a causal association between RA and ESRD could not be confirmed. Second, we did not analyze the effect of individual medications, except the use of NSAIDs, on the renal prognosis among the patients with RA. Third, similarly, we considered only limited medical conditions that may affect the kidney outcomes in the subjects with or without RA. Fourth, we are not able to suggest a precise mechanism for the increased risk of ESRD among the patients with RA, because the current study is not interventional. Fifth, an extrapolation of the data to other populations requires precaution, as the study population in this study is from a single country.

In conclusion, we report that RA is associated with increased risk of ESRD. Our finding is robust, because we demonstrated consistent results in a series of sensitivity analyses. Moreover, eGFR was slightly, but significantly higher in the subjects with RA at the baseline. As the risk of ESRD imposed by RA is relatively higher in relatively young individuals not suffering from any other medical conditions, such as obesity, DM, HTN, DL, and CKD, kidney-protective treatment, such as biologic agents, should be preferentially considered among these patients with RA.
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