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Abstract

:

Tumor necrosis factor inhibitors (TNFi) are proposed as a risk factor for nontuberculous mycobacteria (NTM) infection. Limited research investigates NTM infection risk in rheumatoid arthritis (RA) patients treated with TNFi compared to conventional synthetic disease-modifying antirheumatic drugs (csDMARDs), considering other concurrent or prior non-TNFi antirheumatic drugs. We aimed to evaluate the NTM infection risk associated with TNFi using a real-world database. Patients with RA treated with TNFi or csDMARDs between 2005 and 2016 were identified utilizing the Korean National Health Insurance Service database. To minimize potential bias, we aligned the initiation year of csDMARDs for both TNFi and csDMARD users and tracked them from their respective treatment start dates. The association of TNFi with NTM infection risk was estimated in a one-to-one matched cohort using a multivariable conditional Cox regression analysis. In the matched cohort (n = 4556), the incidence rates of NTM infection were 2.47 and 3.66 per 1000 person-year in TNFi and csDMARD users. Compared to csDMARDs, TNFi did not increase the risk of NTM infection (adjusted hazard ratio (aHR) 0.517 (95% confidence interval, 0.205–1.301)). The TNFi use in RA patients was not associated with an increased risk of NTM infection compared to csDMARDs. Nevertheless, monitoring during TNFi treatment is crucial.
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1. Introduction


Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease characterized by joint inflammation, joint damage, bone erosion, and long-term extra-articular organ complications such as cardiovascular and respiratory diseases [1,2]. The advancement of biologic DMARDs (bDMARDs), such as tumor necrosis factor inhibitors (TNFi) and targeted synthetic DMARDs (tsDMARDs), has notably improved the clinical outcomes in treatment-refractory RA patients [3,4,5]. Among these bDMARDs and tsDMARDs, TNFi have predominantly emerged as the first-line treatment for managing csDMARD-refractory RA patients [6,7]. However, there are concerns regarding the safety of TNFi due to heightened susceptibility to infection.



Over the past two decades, there has been a significant increase in the global burden of non-tuberculous mycobacterial (NTM) infection, leading to a rising prevalence of the disease, notably impacting elderly individuals [8,9,10,11]. The concern regarding the risk of NTM infection in patients with RA arises from the fact that more than half of the RA population is aged 55 or older [12,13]. Several studies have reported a higher risk of NTM infection in patients with RA when compared to those without RA, with reported adjusted hazard ratios (aHR) of 4.17 (95% confidence interval (CI) 2.61–6.65) [14], aHR 2.07 (95% CI 1.84–2.32) [15], and aHR 6.24 (95% 4.24–9.17) [16]. Moreover, NTM infection primarily affects individuals with pre-existing lung disease and a history of previous tuberculosis (TB) infection [17,18]. TNFi treatment has been identified as a significant risk factor for TB infection (odds ratio (OR) 2.29 (95% CI 1.09–4.78)) [19]. Given the increased risk of NTM infection following TB infection and the elevated TB infection risk associated with TNFi use, it is essential to assess the risk of NTM infection after TNFi use in patients with RA, particularly in areas where TB is prevalent. Additionally, studies have investigated an association between the risk of NTM infection and TNFi use in patients with RA [20,21,22]. However, the studies examining the association have primarily focused on analyzing the risk of NTM infection with TNFi use without comprehensively considering the patients’ treatment history for RA or the concurrent use of other immunosuppressive anti-rheumatic drugs such as csDMARDs, corticosteroids, and NSAIDs, which could potentially have a significant influence on the infection risk [21,22,23].



The exact mechanism underlying the association between NTM infection and TNFi use is still not fully understood. It is hypothesized that the inhibition of the TNF-alpha cytokine interferes with its role in the immune system, which involves the activation of macrophages responsible for killing invading pathogens and the formation of granulomas responsible for controlling the spread of mycobacteria [24,25]. Consequently, the use of TNFi may potentially increase susceptibility to NTM infections. While various studies have reported an association between the risk of NTM infection and TNFi use, there is a limited number of studies that have specifically examined the risk of NTM infection among patients with RA treated with TNFi compared to csDMARDs in a real-world setting. Therefore, the objective of this study was to comprehensively evaluate the risk of NTM infection following TNFi treatment as compared to csDMARD treatment using a real-world nationwide database.




2. Materials and Methods


2.1. Data Sources


The retrospective, nationwide population-based cohort study was conducted by retrieving data from all patients diagnosed with RA from the Korean National Health Insurance Service (NHIS) database. The Korean National Health Information Database (NHID) is a nationwide administrative insurance database covering approximately 97% of the Korean population since the year 2002. This database includes information on sociodemographic variables and healthcare utilization, including records on inpatient and outpatient usage, as well as prescription records for the entire nationwide population [26]. This study adhered to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) recommendations [27].




2.2. Ethical Approval


This study was approved by the Institutional Review Board of the Seoul National University Hospital (IRB-1710-112-897). The study was conducted in accordance with the Declaration of Helsinki. Patient written informed consent was waived by the institutional review board due to the de-identified nature of the NHIS database.




2.3. Study Cohort


Using a validated algorithm established for the identification of patients with RA within the Korean NHID, individuals with seropositive RA categorized based on the International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM) code (M05.*) and those who had received at least one prescription of biologic or csDMARDs for RA treatment between 2005 and 2016 were identified as true RA patients [28]. Among these identified true RA patients, those who (1) were medical aid benefit patients, (2) had a history of RA treatment during screening period, defined as the three-year period before 2005, (3) had a history of NTM infection before the index date, (4) were younger than 19 years old, (5) used non-TNFi biologics, and (6) received treatment for RA for less than 6 months after the index date or had poor medication adherence of TNFi were excluded from the study. Medical aid benefit patients were excluded due to a substantial amount of missing prescription information in the database. The index date for TNFi users was defined as the initial date of their first TNFi prescription, while for csDMARD users, it was defined as the same date as the first TNFi prescription date in their one-to-one matched TNFi users. Non-TNFi biologics included abatacept, rituximab, tocilizumab, and tofacitinib. Patients treated for less than 6 months with anti-rheumatic treatment were excluded to examine the infection risk associated with the long-term use of TNFi. Poor medication adherence was defined as a proportion of days covered (PDC) below 0.8 [29]. Patients with a PDC of below 0.8 were excluded to minimize confounding factors associated with poor medication adherence among patients and to account for the dose-dependent characteristics of infection as a side effect of TNFi [30].



Patients who initiated TNFi between January 2005 and December 2016 and sustained a treatment period of at least 6 months were identified as TNFi users. Patients who started csDMARDs during the same period with at least 6 months of the treatment period and who had never received TNFi were identified as csDMARD users. TNFi included adalimumab, infliximab, golimumab, and etanercept. csDMARDs included methotrexate, hydroxychloroquine, sulfasalazine, leflunomide, auranofin, azathioprine, bucillamine, cyclophosphamide, cyclosporine, penicillamine, minocycline, mizoribine, mycophenolate mofetil, and tacrolimus. For the purpose of establishing a positive control, the incidence of TB infection was estimated, considering the widely acknowledged association between TNFi use and the risk of TB infection.




2.4. Main Outcome and Confounding Variables


The main outcome of the study was defined as the occurrence of NTM infection, classified by ICD-10 code A31.*. Patients were followed up until the earliest NTM infection event date, loss to follow-up, or 31 December 2016, whichever occurred first (Figure 1).



Potential confounding variables included demographic characteristics (age and gender), comorbid diseases (diabetes mellitus (DM), chronic liver disease (CLD), lung disease (LD), gastroesophageal reflux disease (GERD), cancer (CA), human immunodeficiency virus infection (HIV), solid organ transplantation, history of tuberculosis (TB) infection, and Charlson Comorbidity Index (CCI) score), the duration of csDMARD treatment before the index date, PDC of csDMARDs/nonsteroidal anti-inflammatory drugs (NSAIDs)/oral corticosteroids, and income levels (high, intermediate, and low income). Comorbidities were identified using ICD-10 codes and relevant prescription history during the one-year period before the index date (detailed operational definitions of each comorbid disease are given in Supplementary Material Table S1) [31,32,33,34,35,36,37,38,39]. The duration of csDMARD treatment before the index date served as a surrogate measure for the duration of RA treatment in patients. Income levels were categorized according to the patient’s individual NHI premium quintile and occupation data provided in the NHIS database.




2.5. Statistical Analysis


Baseline characteristics of the study cohort were summarized using descriptive statistics. Continuous variables were presented as mean ± standard deviation, while categorical variables were expressed as frequency (percentage). To achieve a balance between TNFi users and csDMARD users, patients were matched on a one-to-one exact matching on variables including age, gender, and comorbidities (DM, LD, GERD, CA, HIV, transplantation, and history of TB), as well as the initiation year of csDMARDs.



The distribution of baseline covariates between TNFi users and csDMARD users in the matched cohort was evaluated, aiming for a standardized mean difference of <0.1 to ensure a well-balanced distribution. Variables that remained unmatched were included as adjustment variables in all analyses. Multivariable conditional Cox regression was used to calculate the adjusted hazard ratio (aHR) and 95% CIs. Adjusted confounders in the multivariable analyses include CCI, the duration of csDMARD treatment before the index date, PDC of csDMARDs/NSAIDs/oral corticosteroid treatments, as well as income levels.




2.6. Subgroup Analyses and Sensitivity Analysis


Stratified subgroup analyses were conducted according to age (<65 and ≥65 years), gender, the duration of csDMARD treatment before the index date (<12 months, 12 ≤ months < 36, and ≥36 months), the specific type of csDMARD treatment, the duration of csDMARD treatment (<18 and ≥18 months), and the duration of follow-up time until the occurrence of NTM infection (<48 and ≥48 months). The subgroup analyses were performed on the matched cohort. The aHR of NTM infection in TNFi users was estimated in each subgroup compared to those in csDMARD users. Further subgroup analyses were conducted according to each type of TNFi treatment and the duration of TNFi treatment (<24 and ≥24 months). The risk of NTM infection in each subgroup of TNFi users were compared to the entire group of csDMARD users.



To ensure the robustness of the primary findings, we conducted a sensitivity analysis. This sensitivity analysis involved re-evaluating the results by limiting the follow-up period to 3 months after the last TNFi or csDMARD prescription during the study period.



All statistical analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA). p-values < 0.05 were considered statistically significant.





3. Results


3.1. Baseline Characteristics


A total of 62,419 patients in the NHIS database between 1 January 2005 and 31 December 2016 were identified as seropositive true RA patients. After applying the exclusion criteria, 3269 patients in the TNFi users and 20,694 patients in the csDMARD users were considered eligible seropositive RA patients for the study. Subsequently, after 1:1 matching, the matched cohort included in our study analysis comprised 4556 patients, with 2278 patients in the TNFi users and 2278 patients in the csDMARD users (Figure 2).



After the 1:1 matching process, the baseline characteristics between TNFi users and csDMARD users were well balanced, with a standardized mean difference below 0.1 for all matched covariates. Baseline characteristics are shown in Table 1 (unmatched cohort table in Supplementary Material Table S2). Among the patients in the matched cohort, approximately 80% were women. The mean age of patients in our study cohort was 51.2 ± 13.0 years. Concerning RA-related baseline characteristics, the mean duration of csDMARD treatment prior to the index date was 35.4 ± 29.9 months, and the mean number of each individual csDMARD treatment was 3.6 ± 1.34 for TNFi users and 3.3 ± 1.37 for csDMARD users, which was similar between the two groups. Among TNFi users, the mean number of each individual TNFi treatment used was 1.2 ± 0.44, and the mean duration of TNFi treatment was 37.7 ± 24.99 months.




3.2. The Risk of NTM Infection in TNFi Users Compared to csDMARD Users


In the matched cohort, the incidence rate (IR) of NTM infection was 2.47 events per 1000 person years among TNFi users, while it was 3.66 per 1000 person years in csDMARD users (Table 2) (unmatched cohort table in Supplementary Material Table S3). The aHR for NTM infection in TNFi users was 0.517 (95% CI 0.205–1.301) compared with csDMARD users (Table 3) (unmatched cohort table in Supplementary Material Table S4). These findings indicate that there was no statistically significant association between the use of TNFi and the incidence of NTM infection. Regarding TB infection, which served as a positive control outcome, it was higher among the TNFi users compared to csDMARD users (aHR 7.39, 95% CI: 1.19–45.92; p = 0.031) within the initial six months of TNFi use in the matched cohort, highlighting the validity of our analysis.




3.3. Subgroup Analyses and Sensitivity Analysis


Subgroup analyses conducted did not show a significant association between the use of TNFi and the risk of NTM infection across diverse subgroups stratified by patient age groups, gender, the duration of csDMARD treatment before the index date, each TNFi use, duration of TNFi use, each csDMARD use, duration of csDMARD use, and NTM infection time to event (Table 4). Furthermore, a sensitivity analysis limiting the patient follow-up period to three months after the last TNFi or csDMARD prescription during the study period did not demonstrate a significant association between TNFi use and the risk of NTM infection: aHR 0.584 (95% CI 0.310–1.102) (Table 5). These subgroup analyses and sensitivity analysis results reinforced the robustness of our primary findings.





4. Discussion


This study is of great significance in research as it conducts a real-world retrospective cohort analysis to evaluate the risk of NTM infection in RA patients treated with TNFi versus csDMARDs, considering the impact of prior or concurrent use of non-TNFi antirheumatic drugs, using comprehensive nationwide administrative data. This longitudinal study demonstrates that there was no statistically significant difference in the risk of NTM infection in TNFi-treated patients compared to csDMARD-treated patients (aHR 0.517 (95% CI 0.205–1.301)).



Numerous studies have suggested an increased risk of NTM infection among individuals with RA using TNFi [20,22,23,40]. However, only a few studies have reported no association between TNFi and NTM infection compared to non-users [13,41]. Liao et al. [13] found no significant difference in the risk of NTM infection between RA patients treated with TNFi and those who did not use TNFi (adjusted odds ratio (aOR) = 2.03, 95% CI 0.85–4.86). Takei et al. [41] reported no significant association between NTM infection and bDMARDs, including TNFi (p = 0.25). However, Takei et al. [41] implied that RA disease activity itself (p < 0.01) and the use of glucocorticoid (aHR 2.5 (95% CI 1.5–4.3) were potential risk factors for NTM infection, which were adjusted in our study analysis. In addition, previous studies that have reported an increased risk of NTM infection primarily relied on case–control studies to establish associations without directly examining NTM infection incidence and prevalence [13,22,42]. For instance, Brode et al. [22] reported TNFi treatment as a potential risk factor for an elevated risk of NTM infection (aOR 2.19 (95% CI 1.10–4.37)) among RA patients who had at least one prescription for csDMARDs, biological agents, or NSAIDs, as determined by Canadian administrative data. Park et al. [23] was the only retrospective cohort study evaluating the association between the use of TNFi and the risk of NTM infection. Park et al. [23] reported an increased risk of NTM infection in TNFi-treated RA patients as compared to non-TNFi-treated RA patients (aHR 1.751 (95% CI 1.105–2.774)) within the Korean population, based on administrative data.



The incidence rate of NTM infection observed in our study among TNFi-treated RA patients (IR 2.47 per 1000 person year) was comparable to findings from other studies conducted in Korea: Lee et al. [21] reported an IR of 230.7 per 100,000 person years in a single center, while Park et al. [23] reported an IR of 328.1 per 100,000 person years in the Korean RA population. In our study, the follow-up duration for TNFi users averaged 3.9 ± 2.2 years, and for csDMARD users, it averaged 3.8 ± 2.2 years. This duration proved sufficient to evaluate NTM infection incidence, aligning with previous research indicating that NTM infection typically occurs within the first three years after TNFi initiation [23,43]. However, the inconsistency between our research findings on NTM infection risk and those of previous studies may be attributed to differences in the study design. Notably, the distinct definition of the comparator group (TNFi unexposed group) and the index date would definitely generate these inconsistencies. Park et al. [23] defined the comparator group as all RA patients except those using TNFi and used the date of the first RA diagnosis as the index date for TNFi untreated RA patients. It is conceivable that the TNFi unexposed group might have included a higher proportion of immunocompetent patients compared to our study. Hence, the risk of NTM infection, known to be elevated in immunocompromised patients [44], might have been lower in their TNFi unexposed group. Additionally, the difference in the index dates for the TNFi unexposed group (csDMARD users) in our study might have exerted a significant influence on the risk of NTM infection. Brode et al. [22] comprised a distinct study population from our study, as their research focused on elderly RA patients aged 67 years and older who had been prescribed at least one prescription for csDMARDs, biological agents, or NSAIDs. This included a portion of patients who were treated solely with NSAIDs as well. These differences in the definition of the TNFi unexposed group, along with population age difference, might have potentially contributed to an increased risk of NTM infection in the TNFi user group.



Moreover, it is important to note that previous studies did not account for the potential impact of other prior or concurrent use of immunosuppressive non-TNFi antirheumatic drugs, such as csDMARDs, oral corticosteroids, and non-TNFi biologics, on the risk of NTM infection in their analysis [13,22,23]. The lack of this consideration contributes to variations in the observed NTM infection risk across different studies. The presence and interaction of these immunosuppressive anti-rheumatic drugs can significantly influence the overall susceptibility to NTM infection. The absence of their consideration in previous research introduces confounding variables that impact result interpretation. In contrast, our study comprehensively accounts for the potential influence of these immunosuppressive anti-rheumatic drugs, thereby enhancing the comprehensiveness of the analysis and providing a more robust assessment of the association between TNFi use and NTM infection risk.



By selecting csDMARD users as the comparator and matching the start year of initial csDMARD between TNFi users and csDMARD users while defining the index date as the first prescription date of TNFi for TNFi users and its corresponding matching date for csDMARD users, our study effectively mitigated the risk of immortal time bias. This rigorous approach enabled us to accurately assess the influence of TNFi exposure on the occurrence of NTM infection. By addressing this potential bias, we enhanced the validity and reliability of our findings regarding the relationship between TNFi usage and the risk of NTM infection.



The precise mechanism associated with TNFi and NTM infection in RA patients remains to be fully elucidated. The suggested mechanisms involve immune deficiency resulting from the inhibition of TNF-α, which is essential for the formation of granuloma necessary to control mycobacterial infection [45]. This inhibition could potentially create an environment conducive to mycobacterial proliferation. Additionally, TNFi may disrupt the activation of macrophages and the formation of phagosomes, which are critical for eliminating intracellular pathogens like NTM [46] and increase susceptibility to opportunistic infections caused by neutropenia [47]. All these mechanisms offer potential insights into the complex interplay between TNFi usage and the risk of NTM infection in RA patients. We employed a matching technique to align with previously reported risk factors for NTM infection (TB infection history and lung disease) as well as the initiation year of the first csDMARDs [13]. Additionally, adjustments were made for the PDC in oral corticosteroid treatment and the duration of csDMARD treatment before the index date. This approach distinguished our analysis from prior investigations. Furthermore, the absence of a significant NTM risk in our study could be attributed to physicians possibly prescribing fewer instances of TNFi for patients deemed to possess a heightened risk for NTM infection.



This study has several notable strengths. First, it includes a real-world population-based NHID in the analysis, encompassing all patients with RA in Korea from 2002, the first available year of the NHIS-NHID, to 2016, and including all TNFi claims since its first approval in 2005 in Korea. Patient data in NHID were retrieved from 2002, considering the three-year screening period. This comprehensive approach enabled an assessment that spans the entirety of all RA patients in Korea, effectively minimizing the selection bias. Moreover, this study evaluated the long-term effect of TNFi by including patients who underwent TNFi therapy for a minimum of six months while maintaining good medication adherence, with all patients using TNFi having a PDC greater than or equal to 0.8. In actual real-world clinical settings, TNFi is typically used for the long term in patients with RA, with a median treatment duration of 26 months in Korea [48]. Also, in Korea, the median duration from initiation of TNFi to the development of NTM infection has been reported to be approximately 29.4 months [23]. It is worth noting that while infections commonly occur within 6–12 months of initiation, some studies have reported a continued risk of serious infections even after long-term use of TNFi [49,50,51,52]. Therefore, it is necessary to evaluate the risk of NTM infection during long-term TNFi use, as this represents a research gap that warrants further investigation. Additionally, the exclusion of patients with a PDC below 0.8 was to minimize potential confounding bias related to confounding factors associated with poor medication adherence and to account for the dose-dependent characteristics of infection as a side effect of TNFi. By matching the initiation year of csDMARD use and defining the initial prescription date of TNFi, along with its corresponding matching date as the respective study index dates for TNFi and csDMARD users, our study was able to avoid potential immortal time bias. This study design reflects the reimbursement criteria for TNFi in Korea, which is approved for RA patients who are refractory to csDMARD treatment. This study reflects the strict reimbursement criteria for TNFi treatment in Korea until recently, which resulted in a delayed initiation of TNFi treatment for TNFi users (33.8 ± 29.79 months) [48,53]. Furthermore, as a means of validating our study findings, the risk of TB infection was evaluated as a positive control. This analysis revealed a significant increase in TB infection risk among TNFi users, a well-recognized risk factor for NTM infection. However, it should be noted that further research is warranted to confirm our study’s results, specifically in relation to the absence of an association between TNFi use and NTM infection risk.



This study has several limitations that should be acknowledged. First, due to the inherent nature of the administrative data, patients’ clinical and laboratory data on RA disease activity were not fully accounted for in the analysis, potentially resulting in misclassification. Although efforts to match the initial csDMARDs start the year and adjust for PDC of csDMARDs/NSAIDs/oral corticosteroids to control for potential confounders, unadjusted confounders might have still impacted the overall NTM infection risk. This limitation could be addressed by establishing data linkage between clinical data and claims data in future studies. Secondly, given the relatively low incidence of NTM infection in general, the size of the study sample may not have been robust enough to yield sufficient statistical power for the detection of a significant effect. Nonetheless, it is important to highlight that this study included all available RA patients in Korea, enhancing the generalizability of the findings and making them more representative of the risk in the Korean RA population. This broad inclusion ensures a comprehensive assessment of the association between TNFi and csDMARD use and the risk of NTM infection in this particular population. Additionally, it is worth noting that our study defined the study population as individuals who had used TNFi or csDMARDs for a minimum of 6 months, leading to the exclusion of patients with treatment durations shorter than this threshold. As a result, patients who used TNFi or csDMARDs for less than 6 months were excluded from the study. This decision was made to effectively assess the long-term safety implications of TNFi or csDMARDs. This choice of a 6-month minimum treatment duration was supported by its suitability in gauging the enduring safety effects of these medications. Furthermore, it is worth mentioning that in the context of RA patients in Korea, the reported treatment duration for TNFi was 26 months on average [48]. This finding indicates that a significant proportion of individuals who use TNFi have been included in our study’s scope.




5. Conclusions


In conclusion, the findings of this study suggest that the utilization of TNFi among patients with RA is not significantly associated with an increased risk of NTM infection when compared to csDMARD use, taking into account the prior or concurrent use of other non-TNFi antirheumatic drugs. Nonetheless, it is imperative to exercise vigilance and diligent monitoring of patients while on TNFi treatment. While these results provide valuable insights, further studies are needed to confirm the study results and to suggest treatment strategies for RA patients in actual clinical practice settings.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/jcm12226998/s1. Table S1: Detailed operational definitions of each comorbid disease. Table S2. Baseline characteristics of unmatched cohort. Table S3. Incidence rates of nontuberculous mycobacteria (NTM) infection on unmatched cohort. Table S4. Adjusted hazard ratio for nontuberculous mycobacteria (NTM) infection on unmatched cohort.





Author Contributions


H.J.P. contributed to conceptualization, methodology, software, formal analysis, data curation, writing—original draft, writing—review and editing, visualization, and project administration. B.C. contributed to conceptualization, methodology, validation, data curation, and writing—review and editing. Y.-K.S. contributed to conceptualization, methodology, and writing—review and editing. Y.-J.O. contributed to conceptualization and validation. E.B.L. contributed to conceptualization, investigation, and validation. I.-W.K. contributed to conceptualization, methodology, writing—review and editing, supervision, and funding acquisition. J.M.O. contributed to conceptualization, methodology, writing—review and editing, supervision, project administration, and funding acquisition. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by a grant of the Korea Health Technology R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea (grant number: HC17C0069). This study was supported by the National Research Foundation of Korea (NRF) grant funded by the Korean government (MSIT) (No. 2021R1A2C1006046).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of the Seoul National University Hospital (IRB-1710-112-897).




Informed Consent Statement


Patient written informed consent was waived by the institutional review board due to the de-identified nature of the NHIS database.




Data Availability Statement


The computing code required to replicate the results is provided on request. We cannot provide data from the National Health Insurance Database due to data user agreement, but the data could be requested from the National Health Insurance Service.




Acknowledgments


This study used NHIS-NHID (NHIS-2018-1-080), provided by NHIS.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Smolen, J.S.; Aletaha, D.; McInnes, I.B. Rheumatoid arthritis. Lancet 2016, 388, 2023–2038. [Google Scholar] [CrossRef]

	



Bonfiglioli, K.R.; de Medeiros Ribeiro, A.C.; Carnieletto, A.P.; Pereira, I.; Domiciano, D.S.; da Silva, H.C.; Pugliesi, A.; Pereira, L.R.; Guimaraes, M.F.R.; Giorgi, R.D.N.; et al. Extra-articular manifestations of rheumatoid arthritis remain a major challenge: Data from a large, multi-centric cohort. Adv. Rheumatol. 2023, 63, 34. [Google Scholar] [CrossRef]

	



Lin, C.T.; Huang, W.N.; Tsai, W.C.; Chen, J.P.; Hung, W.T.; Hsieh, T.Y.; Chen, H.H.; Hsieh, C.W.; Lai, K.L.; Tang, K.T.; et al. Predictors of drug survival for biologic and targeted synthetic DMARDs in rheumatoid arthritis: Analysis from the TRA Clinical Electronic Registry. PLoS ONE 2021, 16, e0250877. [Google Scholar] [CrossRef]

	



Aletaha, D.; Smolen, J.S. Diagnosis and Management of Rheumatoid Arthritis: A Review. JAMA 2018, 320, 1360–1372. [Google Scholar] [CrossRef]

	



Law, S.T.; Taylor, P.C. Role of biological agents in treatment of rheumatoid arthritis. Pharmacol. Res. 2019, 150, 104497. [Google Scholar] [CrossRef]

	



Holdsworth, E.A.; Donaghy, B.; Fox, K.M.; Desai, P.; Collier, D.H.; Furst, D.E. Biologic and Targeted Synthetic DMARD Utilization in the United States: Adelphi Real World Disease Specific Programme for Rheumatoid Arthritis. Rheumatol. Ther. 2021, 8, 1637–1649. [Google Scholar] [CrossRef]

	



Ruyssen-Witrand, A.; Boudali, Y.; Pane, I.; Cantagrel, A.; Thevenot, P.; Soubrier, M.; Morel, J.; Houvenagel, E.; Saraux, A.; Basch, A.; et al. Changes in etanercept and adalimumab biosimilar prescriptions for the initial treatment of rheumatoid arthritis in France: Data from the ART-SFR Registry. Jt. Bone Spine 2022, 89, 105310. [Google Scholar] [CrossRef]

	



Park, S.C.; Kang, M.J.; Han, C.H.; Lee, S.M.; Kim, C.J.; Lee, J.M.; Kang, Y.A. Prevalence, incidence, and mortality of nontuberculous mycobacterial infection in Korea: A nationwide population-based study. BMC Pulm. Med. 2019, 19, 140. [Google Scholar] [CrossRef]

	



Ratnatunga, C.N.; Lutzky, V.P.; Kupz, A.; Doolan, D.L.; Reid, D.W.; Field, M.; Bell, S.C.; Thomson, R.M.; Miles, J.J. The Rise of Non-Tuberculosis Mycobacterial Lung Disease. Front. Immunol. 2020, 11, 303. [Google Scholar] [CrossRef]

	



Namkoong, H.; Kurashima, A.; Morimoto, K.; Hoshino, Y.; Hasegawa, N.; Ato, M.; Mitarai, S. Epidemiology of Pulmonary Nontuberculous Mycobacterial Disease, Japan. Emerg. Infect. Dis. 2016, 22, 1116–1117. [Google Scholar] [CrossRef]

	



Verma, A.K.; Arora, V.K. Non-tuberculous mycobacterial infections in geriatric patients-A neglected and emerging problem. Indian J. Tuberc. 2022, 69 (Suppl. 2), S235–S240. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization. Rheumatoid Arthritis. 2023. Available online: https://www.who.int/news-room/fact-sheets/detail/rheumatoid-arthritis (accessed on 15 October 2023).

	



Liao, T.L.; Lin, C.F.; Chen, Y.M.; Liu, H.J.; Chen, D.Y. Risk Factors and Outcomes of Nontuberculous Mycobacterial Disease among Rheumatoid Arthritis Patients: A Case-Control study in a TB Endemic Area. Sci. Rep. 2016, 6, 29443. [Google Scholar] [CrossRef] [PubMed]

	



Yeh, J.J.; Wang, Y.C.; Sung, F.C.; Kao, C.H. Rheumatoid arthritis increases the risk of nontuberculosis mycobacterial disease and active pulmonary tuberculosis. PLoS ONE 2014, 9, e110922. [Google Scholar] [CrossRef] [PubMed]

	



Brode, S.K.; Jamieson, F.B.; Ng, R.; Campitelli, M.A.; Kwong, J.C.; Paterson, J.M.; Li, P.; Marchand-Austin, A.; Bombardier, C.; Marras, T.K. Risk of mycobacterial infections associated with rheumatoid arthritis in Ontario, Canada. Chest 2014, 146, 563–572. [Google Scholar] [CrossRef] [PubMed]

	



Liao, T.L.; Lin, C.H.; Shen, G.H.; Chang, C.L.; Lin, C.F.; Chen, D.Y. Risk for Mycobacterial Disease among Patients with Rheumatoid Arthritis, Taiwan, 2001–2011. Emerg. Infect. Dis. 2015, 21, 1387–1395. [Google Scholar] [CrossRef]

	



Dahl, V.N.; Molhave, M.; Floe, A.; van Ingen, J.; Schon, T.; Lillebaek, T.; Andersen, A.B.; Wejse, C. Global trends of pulmonary infections with nontuberculous mycobacteria: A systematic review. Int. J. Infect. Dis. 2022, 125, 120–131. [Google Scholar] [CrossRef]

	



Xu, J.; Li, P.; Zheng, S.; Shu, W.; Pang, Y. Prevalence and risk factors of pulmonary nontuberculous mycobacterial infections in the Zhejiang Province of China. Epidemiol. Infect. 2019, 147, e269. [Google Scholar] [CrossRef]

	



Zhang, Z.; Fan, W.; Yang, G.; Xu, Z.; Wang, J.; Cheng, Q.; Yu, M. Risk of tuberculosis in patients treated with TNF-alpha antagonists: A systematic review and meta-analysis of randomised controlled trials. BMJ Open 2017, 7, e012567. [Google Scholar] [CrossRef]

	



Winthrop, K.L.; Chang, E.; Yamashita, S.; Iademarco, M.F.; LoBue, P.A. Nontuberculous mycobacteria infections and anti-tumor necrosis factor-alpha therapy. Emerg. Infect. Dis. 2009, 15, 1556–1561. [Google Scholar] [CrossRef]

	



Lee, S.K.; Kim, S.Y.; Kim, E.Y.; Jung, J.Y.; Park, M.S.; Kim, Y.S.; Kim, S.K.; Chang, J.; Kang, Y.A. Mycobacterial infections in patients treated with tumor necrosis factor antagonists in South Korea. Lung 2013, 191, 565–571. [Google Scholar] [CrossRef]

	



Brode, S.K.; Jamieson, F.B.; Ng, R.; Campitelli, M.A.; Kwong, J.C.; Paterson, J.M.; Li, P.; Marchand-Austin, A.; Bombardier, C.; Marras, T.K. Increased risk of mycobacterial infections associated with anti-rheumatic medications. Thorax 2015, 70, 677–682. [Google Scholar] [CrossRef] [PubMed]

	



Park, D.W.; Kim, Y.J.; Sung, Y.K.; Chung, S.J.; Yeo, Y.; Park, T.S.; Lee, H.; Moon, J.Y.; Kim, S.H.; Kim, T.H.; et al. TNF inhibitors increase the risk of nontuberculous mycobacteria in patients with seropositive rheumatoid arthritis in a mycobacterium tuberculosis endemic area. Sci. Rep. 2022, 12, 4003. [Google Scholar] [CrossRef] [PubMed]

	



Shu, C.C.; Wu, M.F.; Pan, S.W.; Wu, T.S.; Lai, H.C.; Lin, M.C. Host immune response against environmental nontuberculous mycobacteria and the risk populations of nontuberculous mycobacterial lung disease. J. Formos. Med. Assoc. 2020, 119 (Suppl. 1), S13–S22. [Google Scholar] [CrossRef] [PubMed]

	



Squire, J.D.; Libertin, C.R.; Powers, H.; Nelson, J.; Brumble, L.; Laham, F.R.; Agharahimi, A.; Freeman, A.F.; Leiding, J.W. Disseminated mycobacterial infections after tumor necrosis factor inhibitor use, revealing inborn errors of immunity. Int. J. Infect. Dis. 2023, 131, 162–165. [Google Scholar] [CrossRef]

	



Seong, C.S.; Kim, Y.Y.; Khang, Y.H.; Heon Park, J.; Kang, H.J.; Lee, H.; Do, C.H.; Song, J.S.; Hyon Bang, J.; Ha, S.; et al. Data Resource Profile: The National Health Information Database of the National Health Insurance Service in South Korea. Int. J. Epidemiol. 2017, 46, 799–800. [Google Scholar] [CrossRef]

	



von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gotzsche, P.C.; Vandenbroucke, J.P.; Initiative, S. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. Lancet 2007, 370, 1453–1457. [Google Scholar] [CrossRef]

	



Cho, S.K.; Sung, Y.K.; Choi, C.B.; Kwon, J.M.; Lee, E.K.; Bae, S.C. Development of an algorithm for identifying rheumatoid arthritis in the Korean National Health Insurance claims database. Rheumatol. Int. 2013, 33, 2985–2992. [Google Scholar] [CrossRef]

	



McHorney, C.A.; Crivera, C.; Laliberte, F.; Germain, G.; Wynant, W.; Lefebvre, P. Adherence to rivaroxaban versus apixaban among patients with non-valvular atrial fibrillation: Analysis of overall population and subgroups of prior oral anticoagulant users. PLoS ONE 2018, 13, e0194099. [Google Scholar] [CrossRef]

	



Verhoef, L.M.; van den Bemt, B.J.; van der Maas, A.; Vriezekolk, J.E.; Hulscher, M.E.; van den Hoogen, F.H.; Jacobs, W.C.; van Herwaarden, N.; den Broeder, A.A. Down-titration and discontinuation strategies of tumour necrosis factor-blocking agents for rheumatoid arthritis in patients with low disease activity. Cochrane Database Syst. Rev. 2019, 5, CD010455. [Google Scholar] [CrossRef]

	



Kim, Y.H.; Cho, K.H.; Kim, K.H.; Ryu, E.J.; Han, K.D.; Kim, J.S. Predicting hypertension among Korean cancer survivors: A nationwide population-based study. Eur. J. Cancer Care 2018, 27, e12803. [Google Scholar] [CrossRef]

	



Kim, S.Y.; Kim, H.J.; Lim, H.; Kong, I.G.; Kim, M.; Choi, H.G. Bidirectional association between gastroesophageal reflux disease and depression: Two different nested case-control studies using a national sample cohort. Sci. Rep. 2018, 8, 11748. [Google Scholar] [CrossRef] [PubMed]

	



Jallow, A.; Ljunggren, G.; Wandell, P.; Wahlstrom, L.; Carlsson, A.C. HIV-infection and psychiatric illnesses—A double edged sword that threatens the vision of a contained epidemic: The Greater Stockholm HIV Cohort Study. J. Infect. 2017, 74, 22–28. [Google Scholar] [CrossRef] [PubMed]

	



Park, I.; Kim, Y.; Choi, Y.; Kim, S.; Kim, E.; Won, S.; Kang, S. Development of Advanced TB Case Classification Model Using NHI Claims Data. J. Digit. Converg. 2013, 11, 289–299. [Google Scholar]

	



Dahiya, M.; Eboreime, E.; Hyde, A.; Rahman, S.; Sebastianski, M.; Carbonneau, M.; Tapper, E.B.; Tandon, P. International Classification of Diseases Codes are Useful in Identifying Cirrhosis in Administrative Databases. Dig. Dis. Sci. 2022, 67, 2107–2122. [Google Scholar] [CrossRef]

	



Akmatov, M.K.; Ermakova, T.; Holstiege, J.; Steffen, A.; von Stillfried, D.; Batzing, J. Comorbidity profile of patients with concurrent diagnoses of asthma and COPD in Germany. Sci. Rep. 2020, 10, 17945. [Google Scholar] [CrossRef] [PubMed]

	



Lee, J.H.; Park, H.J.; Kim, S.; Kim, Y.J.; Kim, H.C. Epidemiology and comorbidities in idiopathic pulmonary fibrosis: A nationwide cohort study. BMC Pulm. Med. 2023, 23, 54. [Google Scholar] [CrossRef] [PubMed]

	



Kim, C.; Yoo, K.H.; Rhee, C.K.; Yoon, H.K.; Kim, Y.S.; Lee, S.W.; Oh, Y.M.; Lee, S.D.; Lee, J.H.; Kim, K.J.; et al. Health care use and economic burden of patients with diagnosed chronic obstructive pulmonary disease in Korea. Int. J. Tuberc. Lung Dis. 2014, 18, 737–743. [Google Scholar] [CrossRef] [PubMed]

	



Dolomisiewicz, A.; Ali, H.; Roul, P.; Yang, Y.; Cannon, G.W.; Sauer, B.; Baker, J.F.; Mikuls, T.R.; Michaud, K.; England, B.R. Updating and Validating the Rheumatic Disease Comorbidity Index to Incorporate ICD-10-CM Diagnostic Codes. Arthritis Care Res. 2023, 75, 2199–2206. [Google Scholar] [CrossRef] [PubMed]

	



Winthrop, K.L.; Baxter, R.; Liu, L.; Varley, C.D.; Curtis, J.R.; Baddley, J.W.; McFarland, B.; Austin, D.; Radcliffe, L.; Suhler, E.; et al. Mycobacterial diseases and antitumour necrosis factor therapy in USA. Ann. Rheum. Dis. 2013, 72, 37–42. [Google Scholar] [CrossRef]

	



Takei, H.; Nishina, N.; Namkoong, H.; Suzuki, K.; Uwamino, Y.; Hasegawa, N.; Takeuchi, T. Rheumatoid arthritis with nontuberculous mycobacterial pulmonary disease: A retrospective, single-centre cohort study. Mod. Rheumatol. 2022, 32, 534–540. [Google Scholar] [CrossRef]

	



Salt, E.; Wiggins, A.T.; Rayens, M.K.; Huaman, M.A.; Mannino, D.; Schwieterman, P.; Merkley, S.A.; Jones, A.R.; Crofford, L.J. Risk Factors for Targeted Fungal and Mycobacterial Infections in Patients Taking Tumor Necrosis Factor Inhibitors. Arthritis Rheumatol. 2016, 68, 597–603. [Google Scholar] [CrossRef] [PubMed]

	



Yoo, J.W.; Jo, K.W.; Kang, B.H.; Kim, M.Y.; Yoo, B.; Lee, C.K.; Kim, Y.G.; Yang, S.K.; Byeon, J.S.; Kim, K.J.; et al. Mycobacterial diseases developed during anti-tumour necrosis factor-alpha therapy. Eur. Respir. J. 2014, 44, 1289–1295. [Google Scholar] [CrossRef] [PubMed]

	



Henkle, E.; Winthrop, K.L. Nontuberculous mycobacteria infections in immunosuppressed hosts. Clin. Chest Med. 2015, 36, 91–99. [Google Scholar] [CrossRef] [PubMed]

	



Roach, D.R.; Bean, A.G.; Demangel, C.; France, M.P.; Briscoe, H.; Britton, W.J. TNF regulates chemokine induction essential for cell recruitment, granuloma formation, and clearance of mycobacterial infection. J. Immunol. 2002, 168, 4620–4627. [Google Scholar] [CrossRef]

	



Shamaei, M.; Mirsaeidi, M. Nontuberculous Mycobacteria, Macrophages, and Host Innate Immune Response. Infect. Immun. 2021, 89, e0081220. [Google Scholar] [CrossRef]

	



Bhandari, S.; Baral, M.R.; Barbery, M.; Rudinskaya, A.; Sostin, O. Hematologic side effects of biologics and kinase inhibitors used in rheumatologic diseases: A review of the current evidence. Ann. Hematol. 2022, 101, 1897–1904. [Google Scholar] [CrossRef]

	



Kim, Y.; Kim, G.T.; Suh, Y.S.; Kim, H.O.; Lee, H.N.; Lee, S.G. The Impact of the Amendment of the Korean National Health Insurance Reimbursement Criteria for Anti-tumor Necrosis Factor-α Agents on Treatment Pattern, Clinical Response and Persistence in Patients with Rheumatoid Arthritis. J. Rheum. Dis. 2020, 27, 159–167. [Google Scholar] [CrossRef]

	



Accortt, N.A.; Bonafede, M.M.; Collier, D.H.; Iles, J.; Curtis, J.R. Risk of Subsequent Infection Among Patients Receiving Tumor Necrosis Factor Inhibitors and Other Disease-Modifying Antirheumatic Drugs. Arthritis Rheumatol. 2016, 68, 67–76. [Google Scholar] [CrossRef]

	



Galloway, J.B.; Hyrich, K.L.; Mercer, L.K.; Dixon, W.G.; Fu, B.; Ustianowski, A.P.; Watson, K.D.; Lunt, M.; Symmons, D.P.; Consortium, B.C.C.; et al. Anti-TNF therapy is associated with an increased risk of serious infections in patients with rheumatoid arthritis especially in the first 6 months of treatment: Updated results from the British Society for Rheumatology Biologics Register with special emphasis on risks in the elderly. Rheumatology 2011, 50, 124–131. [Google Scholar] [CrossRef]

	



Li, J.; Zhang, Z.; Wu, X.; Zhou, J.; Meng, D.; Zhu, P. Risk of Adverse Events After Anti-TNF Treatment for Inflammatory Rheumatological Disease. A Meta-Analysis. Front. Pharmacol. 2021, 12, 746396. [Google Scholar] [CrossRef]

	



Atzeni, F.; Sarzi-Puttini, P.; Botsios, C.; Carletto, A.; Cipriani, P.; Favalli, E.G.; Frati, E.; Foschi, V.; Gasparini, S.; Giardina, A.; et al. Long-term anti-TNF therapy and the risk of serious infections in a cohort of patients with rheumatoid arthritis: Comparison of adalimumab, etanercept and infliximab in the GISEA registry. Autoimmun. Rev. 2012, 12, 225–229. [Google Scholar] [CrossRef]

	



Hur, J.W.; Choe, J.Y.; Kim, D.W.; Kim, H.A.; Kim, S.H.; Kim, W.U.; Kim, Y.S.; Lee, H.S.; Lee, S.H.; Park, S.H.; et al. Rheumatoid arthritis patients fulfilling Korean National Health Insurance reimbursement guidelines for anti-tumor necrosis factor-alpha treatment and comparison to other guidelines. Rheumatol. Int. 2015, 35, 1817–1823. [Google Scholar] [CrossRef]








[image: Jcm 12 06998 g001] 





Figure 1. Study design timeline. Jan, January; Dec, December; TNFi, tumor necrosis factor inhibitors; csDMARD, conventional synthetic disease-modifying antirheumatic drugs. 
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Figure 2. Study flow diagram. RA, rheumatoid arthritis; NHIS, national health insurance service; ICD-10, International Classification of Diseases 10th Revision; DMARDs, disease-modifying antirheumatic drugs; csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; NTM, nontuberculous mycobacteria; TNFi, tumor necrosis factor inhibitors. 
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Table 1. Baseline characteristics of the matched cohort.
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Variables

	
Matched Cohort




	
TNFi

n = 2278

	
csDMARDs

n = 2278

	
SMD






	
Female gender

	
1815 (79.6)

	
1815 (79.6)

	
0




	
Age (years)

	
51.2 ± 13.04

	
51.2 ± 13.04

	
0




	
Comorbidities *

	

	

	




	
  Diabetes

	
123 (5.3)

	
123 (5.3)

	
0




	
  CLD

	
200 (8.7)

	
200 (8.7)

	
0




	
  LD

	
329 (14.4)

	
329 (14.4)

	
0




	
  GERD

	
500 (21.9)

	
500 (21.9)

	
0




	
  ISD

	
24 (1.0)

	
24 (1.0)

	
0




	
  hTB

	
1 (0.04)

	
1 (0.04)

	
0




	
Number of comorbid diseases

	

	

	
0




	
  0

	
1320 (57.9)

	
1320 (57.9)

	




	
  1

	
759 (33.3)

	
759 (33.3)

	




	
  2 or more

	
199 (8.7)

	
199 (8.7)

	




	
Charlson comorbidity index score

	

	

	
-




	
  1

	
702 (30.8)

	
753 (33.0)

	




	
  2

	
707 (31.0)

	
641 (28.1)

	




	
  3 or more

	
869 (38.1)

	
884 (38.8)

	




	
Duration of csDMARD treatment before the index date (months)

	
35.4 ± 29.92

	
35.3 ± 29.96

	
0.003




	
TNFi treatment **

	

	

	




	
 Adalimumab

	
1097 (48.1)

	
-

	




	
 Etanercept

	
860 (37.7)

	
-

	




	
 Golimumab

	
279 (12.2)

	
-

	




	
 Infliximab

	
467 (20.5)

	
-

	




	
  Duration of TNFi treatment (months)

	
37.7 ± 24.99

	
-

	




	
  PDC of TNFi

	
0.98 ± 0.043

	
-

	




	
csDMARD treatment **

	

	

	




	
 Methotrexate

	
2130 (93.5)

	
1756 (77.0)

	




	
 Hydroxychloriquine

	
1831 (80.3)

	
1914 (84.0)

	




	
 Sulfasalazine

	
1595 (70.0)

	
1143 (50.1)

	




	
 Leflunomide

	
1263 (55.4)

	
872 (38.2)

	




	
  Number of csDMARDs

	
3.6 ± 1.34

	
3.3 ± 1.37

	




	
  Duration of csDMARDs (months)

	
40.3 ± 26.77

	
35.5 ± 25.98

	




	
  PDC of csDMARDs

	
0.88 ± 0.284

	
0.80 ± 0.337

	




	
Anti-inflammatory treatment **

	

	

	




	
  PDC of oral corticosteroid

	
0.75 ± 0.346

	
0.66 ± 0.387

	




	
  PDC of NSAIDs

	
0.86 ± 0.251

	
0.72 ± 0.351

	




	
Type of institution

	

	

	
-




	
  Tertiary hospital

	
2099 (92.1)

	
1539 (67.5)

	




	
  General hospital

	
118 (5.1)

	
274 (12.0)

	




	
  Community hospital/clinics/others

	
61 (2.6)

	
465 (20.4)

	




	
Income levels ***

	

	

	
-




	
  High

	
668 (29.3)

	
564 (24.7)

	




	
  Intermediate

	
906 (39.7)

	
959 (42.0)

	




	
  Low

	
704 (30.9)

	
755 (33.1)

	








Values are represented as frequency (percent) or mean ± standard deviation; * Comorbidities and the Charlson comorbidity index scores were determined during one-year period prior to index date; ** RA treatments were determined from the study index date to the end of follow-up; *** Income levels were categorized according to patient’s individual NHI premium quintile and occupation data provided in the NHIS database; TNFi, tumor necrosis factor inhibitor; csDMARDs, conventional synthetic disease-modifying anti-rheumatic drugs; SMD, standardized mean difference; CLD, chronic liver disease; LD, lung disease; GERD, gastroesophageal reflux disease; ISD, immunosuppressive disease; hTB, history of tuberculosis infection; PDC, proportion of days covered; NSAIDs, non-steroidal anti-inflammatory drugs.













 





Table 2. Incidence rates of nontuberculous mycobacteria (NTM) infection on matched cohort.
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Matched Cohort




	
TNFi

	
csDMARDs






	
NTM infection event number

	
22

	
32




	
IR (1000 person years)

	
2.47

	
3.66








TNFi, tumor necrosis factor inhibitors; csDMARDs, conventional synthetic disease-modifying anti-rheumatic drugs; NTM, nontuberculous mycobacteria; IR, incidence rate.













 





Table 3. Adjusted hazard ratio for nontuberculous mycobacteria (NTM) infection on matched cohort.
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Matched Cohort




	
Variables

	
aHR

	
95% CI

	
p-Value






	
TNFi treatment

	
0.517

	
0.205

	
1.301

	
0.161




	
Charlson comorbidity index score

	
0.703

	
0.323

	
1.528

	
0.373




	
Duration of csDMARD treatment before the index date (months)

	
0.960

	
0.803

	
1.147

	
0.650




	
RA treatments

	

	

	

	




	
  Number of csDMARDs

	
1.775

	
0.750

	
4.202

	
0.191




	
  PDC of csDMARDs

	
0.015

	
0.001

	
0.388

	
0.011




	
  PDC of oral corticosteroid

	
0.754

	
0.093

	
6.127

	
0.792




	
  PDC of NSAIDs

	
5.646

	
0.633

	
50.364

	
0.121




	
  Methotrexate user

	
0.427

	
0.059

	
3.112

	
0.401




	
  Hydroxychloroquine user

	
1.075

	
0.130

	
8.880

	
0.946




	
  Sulfasalazine user

	
0.268

	
0.070

	
1.023

	
0.054




	
  Leflunomide user

	
0.864

	
0.198

	
3.772

	
0.845




	
Income levels

	

	

	

	




	
  High vs. low

	
1.309

	
0.332

	
5.158

	
0.701




	
  Intermediate vs. low

	
0.347

	
0.097

	
1.238

	
0.103








aHR, adjusted hazard ratio; CI, confidence interval; TNFi, tumor necrosis factor inhibitors; csDMARDs, conventional synthetic disease-modifying anti-rheumatic drugs; RA, rheumatoid arthritis; PDC, proportion of days covered; NSAIDs, non-steroidal anti-inflammatory drugs.













 





Table 4. Subgroup analyses for adjusted hazard ratio for nontuberculous mycobacteria (NTM) infection.
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Variables

	
aHR

	
95% CI

	
p-Value






	
Age group *

	

	

	

	




	
  Less than 65

	
0.665

	
0.330

	
1.337

	
0.252




	
  65 or more

	
1.176

	
0.386

	
3.584

	
0.775




	
Gender *

	

	

	

	




	
  Female

	
0.648

	
0.336

	
1.251

	
0.196




	
  Male

	
1.591

	
0.317

	
7.982

	
0.572




	
Duration of csDMARD treatment before the index date (months) *

	

	

	

	




	
  <12 months

	
1.069

	
0.366

	
3.121

	
0.903




	
  12 ≤ months < 36

	
1.415

	
0.491

	
4.084

	
0.520




	
  ≥36 months

	
0.349

	
0.116

	
1.047

	
0.060




	
TNF inhibitor **

	

	

	

	




	
  Adalimumab

	
0.596

	
0.291

	
1.220

	
0.156




	
  Etanercept

	
1.351

	
0.417

	
4.377

	
0.616




	
  Infliximab

	
1.224

	
0.262

	
5.721

	
0.797




	
Duration of TNF inhibitor use **

	

	

	

	




	
  <24 months

	
1.051

	
0.320

	
3.454

	
0.935




	
  ≥24 months

	
0.635

	
0.317

	
1.271

	
0.199




	
csDMARDs *

	

	

	

	




	
  Methotrexate

	
0.773

	
0.412

	
1.450

	
0.422




	
  Hydroxychloroquine

	
0.655

	
0.343

	
1.251

	
0.199




	
  Sulfasalazine

	
0.683

	
0.319

	
1.462

	
0.326




	
  Leflunomide

	
0.893

	
0.389

	
2.052

	
0.790




	
Duration of csDMARD use *

	

	

	

	




	
  <18 months

	
0.802

	
0.359

	
1.795

	
0.591




	
  ≥18 months

	
0.765

	
0.311

	
1.877

	
0.557




	
Time to NTM infection incidence *

	

	

	

	




	
  <48 months

	
1.039

	
0.519

	
2.084

	
0.913




	
  ≥48 months

	
0.381

	
0.110

	
1.322

	
0.128








* Comparator defined as the subgroups in the csDMARD users; ** comparator defined as the entire csDMARD users; aHR, adjusted hazard ratio; CI, confidence interval; csDMARDs, conventional synthetic disease-modifying anti-rheumatic drugs; TNF, tumor necrosis factor; NTM, nontuberculous mycobacteria.













 





Table 5. Sensitivity analysis for adjusted hazard ratio for nontuberculous mycobacteria (NTM) infection according to NTM infection monitoring time.
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Variables

	
aHR

	
95% CI

	
p-Value






	
NTM infection monitoring time

	

	

	

	




	
3 months

	
0.584

	
0.310

	
1.102

	
0.097








aHR, adjusted hazard ratio; CI, confidence interval; NTM, nontuberculous mycobacteria.
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