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ABSTRACT  

Background 

Rheumatoid arthritis (RA) is associated with various lung diseases. The development of interstitial lung 

disease (ILD) is a significant cause of mortality in RA. Chronic obstructive pulmonary disease (COPD), a 

smoking-related disease, is also prevalent in RA and it is unclear if one lung disease is associated with 

the other. Given that smoking is also a potential determinant of RA-ILD, our first goal was to determine 

the incidence of RA-ILD and examine whether smoking and COPD is associated with RA-ILD onset using 

administrative health data from the United States.  Another unclear determinant of RA-ILD is 

race/ethnicity, which is associated with other types of ILD. Our second goal was to determine whether 

race/ethnicity is associated with RA-ILD. 

Methods 

New-onset ILD in incident adult RA subjects were identified in the MarketScan Commercial Claims 

database (2010-2018) based on physician and/or hospitalization diagnostic claims. Smoking (current, 

past, and never) was available in a subset of subjects with available health risk assessment 

questionnaires. A second MarketScan Medicaid database (2011-2018, non-linkable to the Commercial 

Claims database), was used to study race/ethnicity (white, African-American, Hispanic, or other) and RA-

ILD development. Kaplan-Meier analyses were performed to assess time to ILD onset stratified by co-

existing COPD, smoking, and race/ethnicity (in the respective databases). Multivariate Cox regression 

models adjusted for age, sex, and immunosuppressant use prior to RA diagnosis.  

Results 

Among 373,940 new RA subjects in the Commercial Claims cohort, 1.7% developed ILD with an 

incidence rate of 8.1 (95% CI 7.9, 8.3) per 1000 person-year. After adjusting for age, sex, and 

immunosuppressants, the hazard ratio (HR) was 2.10 (95% CI 1.89, 2.32) for ILD onset in those with 

COPD versus those without. In the subset of subjects with smoking information, there was no clear 

association of ILD with smoking status and a non-statistically significant association (HR 1.64, 95% CI 

0.93, 2.89) for an association between ILD onset and COPD. In the Medicaid cohort, 1016 (2.2%) subjects 

developed ILD, incidence rate of 6.3 (95% CI 5.6, 7.0) per 1000 person-year. Hispanic subjects had a 

higher risk of RA-ILD (HR 1.51, 95% CI 1.07, 2.14), adjusting for age, sex, baseline COPD, and previous 

immunosuppressants. 
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Conclusions 

Co-existing COPD in incident RA subjects was associated with a higher risk of ILD but association 

between smoking and RA-ILD onset remains unclear. Further studies are needed to better evaluate the 

complex relationships between cumulative smoking exposure, COPD and RA-ILD. Finally, Hispanic 

subjects had an increased likelihood of developing RA-ILD than other race/ethnicity groups. 
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RÉSUMÉ 

Contexte  

La polyarthrite rhumatoïde (PAR) est associée au développement d'une maladie pulmonaire interstitielle 

(MPI) qui entraîne une mortalité importante. La maladie pulmonaire obstructive chronique (MPOC), une 

maladie liée au tabagisme, est une autre maladie pulmonaire prévalente dans la PAR. Bien que le 

tabagisme soit également un facteur de risque pour la PAR-MPI, nous ne savons si ces deux maladies 

pulmonaires sont associées une avec l'autre. Notre premier objectif était de déterminer l'incidence de la 

PAR-MPI et d'examiner si le tabagisme et la MPOC seraient associés à l'apparition de la PAR-MPI en 

utilisant des données sur la santé provenant des États-Unis. La race/ethnicité étant associée à d'autres 

types de MPI, est potentiellement un autre déterminant de la PAR-MPI. Notre deuxième objectif était de 

déterminer si la race/ethnicité était associée à la PAR-MPI. 

Méthodes 

Le développement de MPI chez les adultes nouvellement atteints par la PAR a été identifié dans la base 

de données «MarketScan Commercial Claims» (2010-2018), qui contient les codes de diagnostic du 

médecin et/ou lors d’une hospitalisation. Le tabagisme (actuel/passé/jamais) était disponible dans un 

sous-groupe de sujets. Une deuxième base de données «MarketScan Medicaid » (2011-2018), non liée 

aux «Commercial Claims») a été utilisée pour étudier la race/ethnicité (Blanche, Afro-américaine, 

Hispanique ou autre) et le développement de la PAR-MPI. Des analyses de Kaplan-Meier ont été 

effectuées pour évaluer le délai d'apparition de la MPI stratifiée en fonction de la présence de la MPOC, 

du tabagisme et de la race/ethnicité. Des modèles de régression de Cox ont contrôlés pour l'âge, le sexe 

et l'utilisation d'immunosuppresseurs avant le diagnostic de PAR. 

Résultats 

Parmi 373 940 sujets avec la PAR dans la cohorte «Commercial Claims», 1.7% ont développé une MPI, 

taux d'incidence de 8.1 [intervalle de confiance (IC) à 95% 7.9-8.3] par 1000 personnes-années. Après 

l’ajustement en fonction de l'âge, du sexe et de l’utilisation d’immunosuppresseurs, le rapport de risque 

(HR) était de 2.10 (IC 95% 1.89-2.32) pour l'apparition d'une MPI chez les personnes avec MPOC par 

rapport à celles qui n'en avaient pas. Dans le sous-groupe de sujets ayant des informations sur le 

tabagisme, il n'y avait pas d'association claire entre la MPI et le tabagisme. Il y avait une tendance non 

statistiquement significative (HR 1.64, IC 95% 0.93-2.89) entre l'apparition de la MPI et la MPOC. Dans la 

cohorte «Medicaid», 1016 (2.2%) sujets ont développé une MPI, taux d'incidence de 6.3 (IC 95% 5.6, 7.0) 
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par 1000 années-personnes. Les sujets hispaniques avaient un risque plus élevé de PAR-MPI (HR 1.51, 

IC95% 1.07- 2.14), ajusté pour l'âge, le sexe, la MPOC, et l’utilisation antérieure d’immunosuppresseurs. 

Conclusion 

La présence d’une MPOC chez les sujets atteints de PAR est associée à un risque plus élevé de MPI, mais 

l'association entre le tabagisme et l'apparition de MPI reste incertaine. D'autres études seront 

nécessaires pour mieux évaluer les relations complexes entre le tabagisme, la MPOC et la PAR-MPI. 

Finalement, les sujets hispaniques ont une probabilité plus élevée de développer une PAR-MPI que les 

autres groupes raciaux / ethniques. 
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GENERAL OVERVIEW 

My thesis consists of an introduction where I discuss rheumatoid arthritis and related lung diseases to 

highlight what is known and what are some key knowledge gaps. I end the introduction by stating my 

objectives for this thesis. This will be followed by a presentation of the methodology used for the 

studies. Subsequent chapters will present the results of my analyses. The results of the first study will be 

presented in the format of a manuscript submitted for peer-reviewed journal publication. The results of 

the second study will be presented afterwards. Finally, these will be followed by a discussion and 

summary of my overall findings. 
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CHAPTER 1: INTRODUCTION 

1.1 Rheumatoid arthritis 

Rheumatoid arthritis (RA) is a chronic autoimmune disease that affects 1% of the North American 

population (1). This is the most frequent rheumatic disease and the hallmark is polyarthritis 

(inflammation involving multiple joints). While classification criteria exist to identify patients for clinical 

trials, these are not diagnostic (2). The diagnosis is made based on clinical judgment by experienced 

physicians depending on the pattern and duration of joint disease, the presence of other extra-articular 

features, and the exclusion of possible mimickers. There is no blood test to definitively diagnose RA, 

although two RA-related autoantibodies, rheumatoid factor (RF) and anti-citrullinated peptides 

antibodies (ACPA), can be found in 55%–65% of patients (3).  

Rheumatoid arthritis requires treatment with immunosuppression in order to prevent joint destruction 

and disability (4). The first line is a class of agents called disease modifying anti-rheumatic drugs 

(DMARDs) that aim to maintain a state of disease remission. A poor response requires further 

immunosuppression using biologic agents that target various specific inflammatory pathway molecules. 

Corticosteroids are short acting drugs that suppress inflammation and are generally used to treat acute 

flares. These are sometimes used in low doses to control persistently active disease. 

Risk factors for RA include female sex, smoking, family history of RA, older age, and other possible 

environmental triggers (5, 6). Genetic factors, particularly certain human leukocyte antigen genotypes, 

confer an increased risk of RA(7). Although the exact pathogenesis of RA remains unclear, a key step is 

the formation of ACPAs due to increased protein citrullination(8). This leads to   immune system 

abnormalities including dysregulated B and T lymphocytes, increased autoantibody production, 

activation of innate immune cells, and a state of chronic inflammation(9). Susceptible individuals 

progress through preclinical stages of local and systemic inflammatory activity prior to the onset of 

symptoms. There is mounting knowledge that the lungs are an important site of inflammation even 

early in the course of disease. 

1.2 Rheumatoid arthritis pathogenesis and the lungs 

Although RA primarily affects the joints, it can affect other organs. There is increasing evidence that RA 

pathogenesis may be initiated in the lungs, leading to the production of autoantibodies and 

autoimmunity (10). In fact, lung disease may precede clinical RA onset in subjects with high RF or ACPA 

titres (11). Protein citrullination occurs in lung alveoli and bronchial mucosa (12, 13) and smoking is a 
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significant contributor to this process by increasing mucosal inflammation (14). Smokers have a 20-fold 

higher risk of developing RA compared to never smokers, and tobacco exposure is strongly associated 

with the presence of RA-related antibodies (15). Other inhalational exposures such as mining dust and 

air pollution have also been shown to increase RA onset(7) or antibody positivity(16).  

1.3 Rheumatoid arthritis associated interstitial lung disease 

Lung-related complications are a leading cause of mortality behind cardiovascular disease in RA(17). The 

most commonly associated lung disease in RA is interstitial lung disease (ILD). ILD is the result of chronic 

inflammation in distal airspaces and lung parenchyma that leads to fibrosis and impaired oxygen 

exchange. RA-ILD is diagnosed on imaging, typically with high resolution CT scan (HRCT) and by the 

exclusion of certain other causes. 20-50% of RA patients have subclinical ILD, defined as interstitial 

abnormalities affecting ≥5% of any lung region on HRCT (18). Importantly, close to 50% of patients with 

subclinical ILD demonstrate radiographic progression over 1-3 years(19). A smaller number of RA 

patients develop a clinically significant RA-ILD causing shortness of breath and other symptoms, which 

would bring this complication to medical attention. Clinically significant ILD has also been defined as ILD 

found on follow up without systematic HRCT screening, and is often attributed to cases of RA-ILD 

identified by administrative databases. This is a serious condition, associated with a 50% mortality rate 

within 5 years of detection (20).  Two well-characterized North American RA cohorts show the 30-year 

cumulative incidence of developing a clinically significant RA-ILD to be around 6-8% (21, 22) and other 

worldwide studies report a similar prevalence of 2-10% in the RA population (23-27). The only other 

study examining RA-ILD incidence using MarketScan found a yearly incidence rate of RA-ILD between 2.7 

(95% CI 2.5–2.9) to 3.8 (95% CI 3.5–4.0) per 100,000 people in the general population (not limited to RA 

subjects) between 2003-2014. This study did not examine RA-ILD incidence among subjects with RA (28).  

1.4 Risk factors for RA-ILD 

Important risk factors for ILD in RA include older age and male sex. These have been consistently 

associated with the presence of clinically evident ILD in multiple cohorts (29).  While RA predominantly 

affects women, men have a worse prognosis and increased extra-articular involvement(30). The reason 

for this sex difference is unclear and could be due to a combination of differential genetic and 

environmental exposures such as smoking. Another major risk factor for RA-ILD is the presence of ACPA 

and RF. Seropositive disease was associated with 2-3 times the odds of RA-ILD onset (31, 32). Patients 

with higher chronic RA disease activity also appear to have a higher risk of ILD compared to patients in 
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remission (33). Recent evidence suggests that genetic features similar to those in other types of ILD may 

also contribute to RA-ILD (34). 

1.5 Smoking and RA-ILD 

Smoking is regarded as a preventable risk factor for RA and potentially for RA-ILD, although findings 

regarding the association between smoking and RA-ILD have been inconsistent. Smoking is a risk factor 

in  the idiopathic form of ILD called idiopathic pulmonary fibrosis (IPF), to which RA-ILD often 

resembles(35). The degree of cumulative smoking exposure in RA was associated with various lung 

imaging abnormalities, including subclinical ILD (36). Another frequently cited study showed that >25 

pack years of smoking was associated with an OR=3.76 (95% CI 1.59, 8.88) of lung abnormalities 

compared to non-smoking (37). However the lung abnormalities in this study were not specific for ILD 

and were defined by a composite measure that included pulmonary function test findings, chest 

radiograph changes, and symptoms. This composite measure included changes found in other 

respiratory diseases such as COPD. Another study found that current and/or past smoking was 

associated with RA-ILD but this association was no longer present after adjusting for RA-related 

autoantibodies(32). In contrast, several studies have not found clear associations between smoking and 

RA-ILD prevalence (20, 38-41), RA-ILD morphology(42), or RA-ILD mortality (20, 43, 44). Some of the 

negative findings may partly have been related to an insufficient power to document the association 

between smoking and RA-ILD. Differences in study findings may also be because some studies looked at 

nonspecific lung outcomes and/or subclinical ILD rather than clinically evident ILD. 

1.6 Rheumatoid arthritis and chronic obstructive pulmonary disease (COPD) 

COPD, also colloquially called smoker’s lung, is the result of airflow obstruction due to chronic 

inflammation in the airways (called chronic bronchitis) and/or the alveoli with alveolar wall destruction 

(called emphysema).  The main exposure linked with COPD is smoking and about 15-20% of smokers 

develop COPD, in a dose dependent manner (45, 46). COPD is characterized by lung inflammation that 

can persist even after smoking cessation and key inflammatory cells involved (macrophages, neutrophils 

and T cells) are also players in RA pathogenesis(47). Importantly, RA patients have close to a 2-fold 

higher risk of COPD than in the general population (48). It is present in 3-10% of RA patients and occurs 

even at relatively low smoking exposures (48, 49). The reverse association has also been found, where 

RA incidence was increased among those with COPD, even after adjusting for cumulative smoking (50). 

Besides ILD and COPD, other inflammatory airway changes such as bronchiectasis have also been found 

with increased prevalence in RA (51) and it is not clear why. 
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Emphysematous changes seen in COPD are also found in association with ILD (52) and both share similar 

risk factors such as age and smoking. New evidence also shows genetic commonalities between 

emphysema, ILD, and RA-ILD in particular, such as the presence of shortened telomeres in alveolar 

fibroblasts and other lung tissues and somatic cells (53, 54). However, there is a knowledge gap 

regarding whether an association exists in RA between one type of inflammatory lung disease such as 

COPD, and another, particularly ILD.    

1.7 Race/Ethnicity and RA-ILD 

There is some evidence that race/ethnicity might influence the development of ILD. For example in IPF, 

which morphologically resembles RA-ILD, lower incidence rates have been reported in East Asian 

countries (ranging from 1.2 to 4.16 per 100 000 person year) compared to European and North 

American cohorts where incidence tended to be higher at 2.8 to 19 per 100 000 person year (55). 

In other autoimmune rheumatic diseases besides RA, black (African American) race has been identified 

as a risk factor for ILD development in scleroderma (56). Another US cohort examining the prevalence of 

all-cause ILD found that blacks and Hispanics with autoimmune rheumatic diseases were more likely to 

have ILD compared to white patients. Black patients also had more ILD associated with isolated 

autoimmune disease features and a better overall survival compared to others (57).  

Because each rheumatic disease is very heterogeneous, extrapolation from one to another is difficult. 

There have been no comparable studies of ethnic/racial differences related specifically to RA-ILD 

development. Many RA cohorts from Europe and North America are predominantly white (50, 58, 59). 

While RA-ILD prevalence has been studied in clinical cohorts worldwide, it is difficult to compare 

prevalence rates between countries. In countries such as Japan (32), South Korea(60), and Turkey(61), 

the clinically significant RA-ILD prevalence seems to be in the same range (2-10%) as European and 

North American cohorts (23-27). This comparison is limited by the wide range of RA-ILD prevalence rates 

due to different disease definitions, different detection methods, and different RA inclusion criteria. 

Understanding the impact of race/ethnicity on RA-ILD onset may help better personalize RA care and 

also provide possible insights into underlying disease mechanisms. 
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1.8 OBJECTIVES 

The goal was to identify associations for ILD onset in incident RA using large population based data. To 

address particular knowledge gaps, the specific objectives were to examine: 

1) The association between smoking and RA-ILD within a large RA population sample 

2) The association between COPD, another frequent lung complication in RA, with RA-ILD 

3) The association between race/ethnicity and RA-ILD 

 

While discordant findings regarding smoking exist in the literature, we hypothesized that smokers would 

be more likely to develop RA-ILD than non-smokers. In the absence of past literature examining the 

association between COPD and ILD in RA, we hypothesized that subjects with existing RA-COPD would 

be more likely to develop RA-ILD than those without COPD. Finally, we hypothesized that, similar to 

what has been found with ILD risk in other autoimmune rheumatic diseases, RA-ILD risk may be 

associated with race/ethnicity: specifically, non-white race/ethnicity may be associated with a higher 

RA-ILD risk. 
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CHAPTER 2: METHODS 

2.1 Data sources 

We performed cohort analyses using three different databases owned by IBM. The first was the 

MarketScan Commercial Claims database (2010-2018) consisting of health plan data on millions of 

individuals in the United States (US) who are covered by employer sponsored health insurance. This data 

covers all geographical regions of the US. It contains basic demographics (age, sex, employment, and 

location), as well as all physician billing diagnostic and procedure claims, and hospitalization diagnostic 

codes. Physicians must submit a principal diagnosis code after a patient encounter to receive payment. 

Hospitals tabulate the principal diagnosis for each admission as well as all diagnoses relevant to the 

hospitalization. 

Linked to this is a second database, the Health Risk Assessment (HRA) database (2010-2018). This can be 

considered a sub-cohort of employees enrolled in the main MarketScan Commercial Claims database 

who have available self-reported health risk assessment questionnaires from their health insurance 

plans. This provides additional data including health risk behaviors such as smoking.  

The third database used was the Multi-State Medicaid database (2011-2018). This contains the medical 

and prescription drug data of millions of individuals enrolled in Medicaid and covers all US regions. 

Medicaid enrollees in the United States must meet certain criterion (variable across States) which 

includes having a low income threshold, having certain permanent disabilities, and/or being above 65 

years of age. This includes subjects covered by Medicare who may be dually covered. In addition to the 

basic demographic variables, this database captures information on race/ethnicity. The Medicaid 

database, however, is not linkable to the above MarketScan databases, and may contain overlapping 

subjects. Thus, the first two sets of data (MarketScan Commercial Claims and HRA) were studied 

separately from the Medicaid data. The MarketScan Commercial Claims and HRA databases were used 

to evaluate associations between COPD, smoking and RA-ILD. The Medicaid data was used to evaluate 

the association between race/ethnicity and RA-ILD. 

This study has been approved by the McGill University institutional review board (approval #A04-M47-

12B). 
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2.2 Subject selection 

Adult subjects > 18 years of age with new-onset RA were identified based on the presence of at least 2 

claims by any physician or a hospitalization claim with a principal diagnosis of RA using International 

Classification of Diseases-9-Clinical Modification (ICD-9-CM) codes 714 and ICD-10-CM codes M05, M06.  

We required subjects to have had at least 12 months of continuous enrolment in the coverage plan 

without any prior RA diagnosis to ensure that they were incident RA cases. The date of the first RA 

diagnosis was considered to be the index date.  

2.3 Variable definitions 

In all three cohorts, ILD was identified based on the presence of at least 2 physician claims at least 1 

month apart. This included claim codes for fibrosis: ICD-9-CM 515, 516.3 and ICD-10-CM J84.1; and/or 

codes for rheumatic lung disease: ICD-9-CM 714.81 and ICD-10-CM M05.1. Pre-existing ILD before the 

first RA diagnostic code was excluded based on a one-year look-back period prior to index date. Co-

existing COPD was identified based on previous algorithms(62, 63) using the presence of at least 1 claim 

using ICD-9 CM codes 491, 492, and 496 or ICD-10-CM codes J41-J44 assessed up to one year before RA 

onset. The full list of the ICD codes used and their descriptions are shown in Table 1. 

In the HRA sub-cohort containing smoking information, smoking was classified as “currently smoking”, 

“previously smoked”, or never smoker. Information on race/ethnicity was available in the Medicaid 

cohort as “White”, “Black”, “Hispanic” or “Other”. 

Other covariates available in all databases were sex and age at index date. 
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Table 1: List of the selected ICD coding and their descriptors 

Rheumatoid arthritis 

ICD-9-CM 714 Rheumatoid arthritis and other inflammatory polyarthropathies 

ICD-10-CM M05 Rheumatoid arthritis with rheumatoid factor 

 M06 Other rheumatoid arthritis 

Interstitial lung disease  

ICD-9-CM 515 Post inflammatory pulmonary fibrosis 

 516.3 idiopathic interstitial pneumonia 

 714.81 Rheumatoid lung disease 

ICD-10-CM J84.1 Other interstitial pulmonary diseases with fibrosis 

 M05.1 Rheumatoid lung disease 

Chronic obstructive pulmonary disease  

ICD-9-CM 491 Chronic bronchitis 

 492 Emphysema 

 496 Chronic airway obstruction, not elsewhere classified 

ICD-10-CM J41 Simple and mucopurulent chronic bronchitis 

 J42  Unspecified chronic bronchitis 

 J43 Emphysema 

 J44 Other chronic obstructive pulmonary disease 

 

 

2.4 Statistical analysis 

Time to ILD onset after RA diagnosis was estimated using Kaplan-Meier curves and compared between 

those with and without coexisting COPD, as well as by smoking status in the HRA sub-cohort, and by 

race/ethnicity in the Medicaid cohort. The Cramer’s V correlation coefficient was assessed between 

smoking and COPD in the HRA sub cohort. Adjusted hazard ratios (HR) with 95% confidence intervals (CI) 

for ILD onset were obtained using Cox proportional hazards models in all cohorts. In addition to COPD, 

smoking, and race/ethnicity (where available in the respective cohorts), the models were also adjusted 

for age at index date and sex. Proportional hazards assumption was verified using Schoenfeld residuals. 
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In the HRA sub-cohort, subjects with missing values for smoking were excluded from those particular 

analyses.  

As previously stated, the Medicaid cohort (with race/ethnicity information) is not linked to the 

Commercial Claims data.  Because of this, the MarketScan Commercial Claims database and the HRA 

sub-cohort were studied separately from the Medicaid cohort and the findings will be presented 

separately. 

In the next chapter, the assessment of the association between COPD, smoking and RA-ILD performed in 

the Commercial Claims and HRA sub-cohort will be presented in the same format as the manuscript 

submitted in a peer reviewed journal. The chapter immediately following will present the results of the 

analyses performed in the Medicaid cohort where the primary objective was to assess the association 

between race/ethnicity and RA-ILD. Those analyses are being prepared for a separate journal article.  
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CHAPTER 3: RESULTS OF ANALYSES IN THE MARKETSCAN AND HRA SUB-COHORT ON SMOKING, COPD 

AND RA-ILD  

The following text details the analyses and results of the first study on the association between smoking, 

COPD and RA-ILD that was performed in the full MarketScan Commercial Claims cohort (henceforth 

referred to simply as the full MarketScan cohort in this chapter) and the HRA sub-cohort. This is 

presented in the format of the manuscript submitted to Arthritis Care and Research on date October 7, 

although the numeration of the tables have been modified to follow the thesis order.  

 

Association between chronic obstructive pulmonary disease, smoking, and interstitial lung disease 

onset in rheumatoid arthritis 

 Boyang Zheng12, Cristiano Soares de Moura2, Marina Machado2, Christian A. Pineau1, Jeffery R. Curtis3, 

Evelyne Vinet12, Sasha Bernatsky12 

 

Author affiliations: 

1 Division of Rheumatology, Mcgill University  

2 Department of Epidemiology, Biostatistics and Occupational Health, McGill University 

3 Division of Clinical Immunology and Rheumatology, University of Alabama at Birmingham 
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Abstract 

Background 

In rheumatoid arthritis (RA), respiratory manifestations include chronic obstructive pulmonary disease 

(COPD) and interstitial lung disease (ILD). We assessed whether baseline COPD and smoking were 

associated with RA-ILD onset. 

Methods 

We identified new-onset ILD in incident RA subjects within the MarketScan Commercial Claims 

database, using physician and/or hospitalization diagnostic codes. Smoking data (current, past, never) 

were available for a subset via a health questionnaire. Kaplan Meier analyses assessed time to ILD onset, 

stratified by prior COPD and smoking. Multivariate Cox regression models were adjusted for age, sex, 

and (in the subset) smoking.  

Results 

Among 373,940 new RA subjects, 6343 (1.7%) developed ILD (8.1 events per 1000 person-year, 95% CI 

7.9, 8.3). ILD was more common among subjects with baseline COPD. Adjusting for age and sex, the 

hazard ratio (HR) between baseline COPD and incident ILD was 2.15, 95% CI 1.93, 2.34.   We could not 

establish a clear relationship between current smoking and ILD; in the subset with smoking data, the HR 

point estimate for COPD was similar but the 95% CI was wider (due to fewer subjects) and included the 

null value.  

Conclusions 

Pre-existing COPD in incident RA subjects was associated with higher risk of future ILD. While a possible 

association persisted after adjusting for smoking, we were limited by reduced sample size.   Further 

studies are needed to assess the potentially complicated relationships between smoking, COPD, and 

other factors in RA-associated ILD.  

 

Key words: Rheumatoid arthritis, interstitial lung disease, smoking, risk factors, chronic obstructive 

pulmonary disease 
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Key messages:  

1) In our large population-based sample, ILD incidence in RA was 8.1/1000 person-year (95% CI 7.9, 8.3)  

2) RA patients with pre-existing COPD had a higher risk of developing ILD than those without COPD 

3) Further studies are needed to better assess smoking and underlying mechanisms linking COPD and 

RA-ILD  
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Background 

Rheumatoid arthritis (RA) is the most frequent autoimmune rheumatic disease, affecting 1% of the adult 

population (64). The main feature is joint inflammation, but co-occurring lung disease represents a 

significant cause of morbidity and mortality. It is estimated that at least 5% of RA patients develop 

clinically significant ILD over the disease course, which is associated with a 50% five-year mortality rate 

(20).  The risk of RA-associated ILD (i.e. RA-ILD) is increased in the presence of RA-related autoantibodies 

such as rheumatoid factor (RF) and anti-citrullinated peptide antibodies (ACPA). Other identified risk 

factors for RA-ILD are older age, male sex, and chronically high disease activity. Smoking, which is also 

associated with increased ACPA titres, has been implicated as another risk factor for RA-ILD. However, 

the association between smoking and clinically significant RA-ILD has been inconsistently identified in 

various observational cohorts (20, 38). 

Smoking is also a key cause of chronic obstructive pulmonary disease (COPD), an inflammatory, 

destructive airway disease that can manifest to various degrees as bronchitis and/or emphysema. 

However, RA patients are known to have an increased risk of COPD even with low or minimal cumulative 

smoking exposure (48). Both ILD and COPD have an inflammatory component, although affecting 

different areas of the lung. Given the increased susceptibility to COPD in RA, it is unknown whether the 

presence of COPD associated with RA (i.e. RA-COPD) would represent an additional risk factor for ILD, or 

if RA patients with lung involvements might share an underlying susceptibility beyond smoking alone. 

Our goal was to examine COPD and smoking as risk factors for RA-ILD in a large population-based 

dataset by using administrative billing data. We hypothesized that both COPD and smoking would be 

independently associated with ILD onset in RA patients. 

Methods 

Data source 

This retrospective longitudinal study used the IBM MarketScan Commercial Claims database (2010-

2018), which is an administrative claims database from commercial and employer-sponsored health 

insurance plans. This cohort includes data on health insurance enrolment and diagnostic codes from 

hospitalizations and physician visits. Linked to this database is a sub-cohort of subjects in the 

MarketScan Health Risk Assessment (HRA) database. This sub-cohort includes subjects who have 

provided data on self-reported health risk assessment questionnaires from health insurance plans which 

provided information on smoking exposure (smoking sub-cohort). 
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This study was approved by the McGill University ethics committee (#A04-M47-12B). 

Subject selection 

Adult subjects with new-onset RA were identified based on the presence of 2 or more physician claims 

and/or 1 or more hospitalization(s) with an RA principal diagnosis using International Classification of 

Diseases-9-Clinical Modification (ICD-9-CM) codes 714 and ICD-10-CM codes M05, M06. Subjects had to 

have 12 or more months of continuous enrolment in the coverage plan without any prior RA diagnosis 

to ensure that they were incident RA cases. The date of the first RA diagnosis was considered as the 

index date.  

Variable definitions 

In all cohorts, ILD was identified based on the presence of 2 or more physician claims at least 1 month 

apart. This included claim codes for fibrosis: ICD-9-CM 515, 516.3 and ICD-10-CM J84.1; and/or codes for 

rheumatic lung disease: ICD-9-CM 714.81 and ICD-10-CM M05.1. Pre-existing ILD before the first RA 

diagnostic code was excluded based on a one-year look-back period prior to index date. Co-existing 

COPD was identified based on previous algorithms(62) using the presence of at least 1 claim using ICD-9-

CM codes 491, 492 and 496 or ICD-10-CM codes J41-J44 both assessed up to one year before RA onset. 

In the smoking sub-cohort, smoking was classified as active smoker, past smoker, or never smoker. 

Other covariates, available in all databases were sex and age at index date.  Statistical analysis 

Time to ILD onset after RA diagnosis was estimated using Kaplan-Meier curves and compared between 

those with and without coexisting COPD, as well as by smoking status in the smoking sub-cohort. The 

Cramer’s V correlation coefficient was assessed between smoking and COPD in the HRA sub-cohort. 

Adjusted hazard ratios (HR) with 95% confidence intervals (CI) for ILD onset were obtained using Cox 

proportional hazards models in all cohorts. The models were also adjusted for age and sex and 

additionally by smoking in the sub-cohort.  

Results 

373 940 incident RA subjects were identified in the MarketScan database, with a mean follow up time of 

2.1 [standard deviation (SD) 1.8] years.  6343 (1.7%) subjects developed ILD, with an incidence rate of 

8.1 per 1000 person-year (95% CI 7.9, 8.3). 18 808 incident RA subjects were identified in the smoking 

sub-cohort, with a mean follow up time of 2.6 (SD 1.8) years. In this sub-cohort, 288 (1.5%) subjects 

developed ILD, with an incidence rate of 5.9 per 1000 person-year (95% CI 5.2, 6.6). In this sub-cohort, 

3499 (18.6%) of subjects were missing smoking questionnaire responses.  In both cohorts the majority of 
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subjects were women, with a mean age of about 50 years, shown in Table 2. Baseline COPD was present 

in 6.4% of those who developed ILD versus 3.0% of those who did not, with a difference between 

proportions of 3.4% (95% CI 2.8%, 4.0%, Table 2). In Kaplan-Meier survival analysis, subjects with COPD 

had significantly higher rates of ILD onset (Figure 1). When adjusted for age and sex, baseline COPD was 

associated with a higher likelihood of developing ILD (HR 2.15, 95% CI 1.93, 2.34, Table 3). In the HRA 

sub-cohort, the most recent smoking questionnaires available were on average 1.0 (SD 1.1) years before 

the index date. Most (76.8%) RA subjects in this subset were never smokers and there was no clear 

difference in baseline smoking status between those who developed ILD and those who did not (Table 

2).  There was also no clear difference in the time to ILD onset between RA subjects with different 

smoking histories on Kaplan-Meier analyses. There was a weak correlation between baseline ever versus 

never smoker and the presence of COPD, (Cramer’s V = 0.12, 95% CI 0.10, 0.14). In multivariate analyses, 

we did not see a clear association between ILD and smoking; though the adjusted HR estimate for COPD 

continued to suggest a positive association with ILD, the 95% CI was wider (due to the smaller number of 

subjects) and included the null value (Table 3).  

Discussion 

This is one of the few studies to examine RA-ILD incidence and its association with COPD, and it is the 

only population-based study of COPD, ILD, and smoking. Despite the large population of RA subjects, the 

number of incident ILD cases was small. Though direct comparison with the literature is difficult (as 

previous studies have mostly examined the prevalence or cumulative incidence of RA-ILD) our results 

seem comparable.  Over 10 years, ILD was identified in 2.2% of incident RA subjects in a Danish 

administrative database (65) and 3.5% of prevalent RA subjects in a US cohort (22) while the incidence 

of ILD in a clinical cohort of incident RA in the United Kingdom was found to be 4.1 (95% CI 3.0, 5.4) per 

1000 patient-years (20). This is in keeping with our ILD incidence rate of 5.9 (95% CI 5.2, 6.6) per 1000 

person-years in our HRA subset but lower than the incidence rate of 8.1 (95% CI 7.9, 8.3) per 1000 

person-years in our full MarketScan RA cohort. Our estimate of baseline COPD prevalence in incident RA 

(3.1%) is also similar to that identified by other studies, ranging between 2.1%-7.5%(66-68).  

We found that COPD was associated with RA-ILD. However, one major difficulty was in separating the 

independent effects of COPD versus smoking. Unfortunately, smoking could only be assessed in the 

limited sub-cohort of participants with available health questionnaires. In this sub-cohort, there 

remained a possible association towards increased ILD among those with co-existing COPD and the wide 

confidence interval, which includes the null, may be due to a lack of power. It is unknown to what extent 
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COPD and ILD share common etiologic pathways in RA. Both ILD and COPD are characterized by an 

inflammatory component, although affecting different areas of the lung. As mentioned earlier, COPD in 

RA may occur even at low levels of smoking exposure. In fact, emphysema (loss of alveoli), a COPD-

related finding, has been found on lung imaging in association with ILD changes in 27% of RA patients 

who have never smoked (69) and obstructive lung changes are more frequent in ACPA positive subjects 

than seronegative RA subjects(70).  

While few studies have examined the link between COPD and RA-ILD, various RA cohorts have tried to 

examine smoking and ILD. Some studies were unable to establish associations between smoking and RA-

ILD (20, 32, 38), although this may have been possibly due to limited power. However, at least one study 

found that cumulative smoking exposure, measured in pack years, was associated with lung computed 

tomography scan abnormalities and subclinical ILD (36). Cumulative smoking was also associated with a 

composite measure of lung abnormalities on pulmonary function tests, chest radiograph, and symptoms 

(37). However this composite outcome included changes that are not specific to ILD. Unfortunately, we 

had no measure of cumulative smoking in our data. 

Potential Limitations 

Although use of a large population-based database is a strength, there are potential limitations inherent 

in using administrative data for health research. The validity of using ICD code diagnoses to detect a 

disease state is dependent on accurate coding. For RA identification, algorithms using physician billing 

and hospitalization diagnostic codes have been previously validated in Canadian health databases to 

have a sensitivity and specificity of 97% and 77% respectively (71). In other US patient cohorts (based on 

Veterans Affairs administrative data linked to chart review), different RA identification algorithms have 

been studied and show similar sensitivity and specificity when at least two claims were required (72). 

We did not require DMARD use as part of the criteria for RA identification (which presumably leads to 

better specificity but at the cost of sensitivity) because we aimed to capture all possible incident cases. 

Nevertheless, the demographics of our RA cohort correspond with the expected RA sex and age 

distribution. 

ILD identification using ICD-9 and ICD-10 coding has not been rigorously validated and the ICD codes 

does not map well to the current clinical classification of ILD. The coding for RA-ILD per se has never 

been strictly validated.  A recent abstract shows improved positive predictive value (PPV) for RA-ILD 

when 2 or more physician claims were required and PPV further increased to 72% if these diagnoses 

were made by a specialist (73). However, their definition included several ICD codes for other lung 
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diseases not elsewhere classified, which could have reduced specificity.  We required at least 2 instances 

of more specific ILD coding (although not limited to a specialist) to define subject entry using definitions 

from previously published studies examining RA-ILD (28, 65, 74) and retain sensitivity. COPD coding has 

been validated and the definition we used has a sensitivity/specificity of 85.0% and 78.4% respectively 

for ICD 10 coding (75) and a sensitivity/specificity of 79% and 62% respectively for ICD 9 coding(62). The 

requirement of multiple COPD coding claims or the use of inhaler medication, did not lead to an 

increase in the area under the receiver operating characteristics curve(62).   

Imperfect specificity for ILD ascertainment could result in a non-differential misclassification of the 

outcome, which causes imprecision and could be a contributor to the relatively wide confidence 

intervals for some of our HR estimates. A non-differential misclassification of COPD exposure could also 

bias our estimates towards the null. Together, these factors might make it more difficult to detect an 

effect of COPD on RA-ILD risk. It is also possible that cases of ILD could have initially been misdiagnosed 

as COPD, which could have driven (at least in part) our observed association between COPD and ILD. 

There may also have been a detection bias given that patients with COPD may be more closely 

monitored for lung diseases. Under-ascertainment of smoking also cannot be excluded, as subjects may 

minimize reporting of this behavior in healthcare insurance plan questionnaires.  This would most likely 

be non-differential with respect to the future onset of ILD, thus once again it could have biased our 

estimates (if a true association between smoking and ILD exists) towards the null. Unfortunately, 

cumulative smoking exposure, which might be a stronger indicator of smoking’s effect on ILD risk, could 

not be assessed with the available data.  

The weak association between smoking and COPD in the smoking sub-cohort could reflect the fact that 

all subjects were insured employees. These subjects may be healthier and the majority was non-

smokers, which would lower the risk for COPD. Under-reporting of smoking exposure by subjects in their 

health insurance questionnaires as well as the non-differential misclassification of COPD may also 

contribute to the weak association between smoking and COPD.  

Another potential limitation is a relatively short follow up [mean of 2.1 (SD 1.8 years)]. This is because in 

MarketScan, subjects are no longer identifiable after they change insurance status; it has been shown 

that 16.8% of Americans change plans yearly(76),thus our findings could represent an underestimation 

of ILD occurrence in incident RA. Because of frequent plan changes, it is possible that some subjects 

actually had prevalent RA instead of true incident RA. On the other hand, if some of our subjects actually 

had prevalent RA, a few might have already had prevalent ILD but were mistakenly considered incident 
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ILD. Overall, the RA-ILD incidence rate in our MarketScan cohort was on the higher side of reported 

estimates.  

While both rheumatoid factor and ACPA positivity are more frequent in smokers, and also associated 

with RA-ILD, RA-ILD is still seen in seronegative RA (77).  In fact, it is unclear whether or not these 

autoantibodies are potentially part of the causal pathway linking smoking and RA-ILD; if they are, they 

should not be adjusted for. We did adjust for age and sex which remain two important and most 

consistently documented potential confounders in the relationship between smoking, COPD and RA-ILD.   

Conclusions 

In a large US based administrative claims database, we found that COPD was associated with ILD onset 

in incident RA subjects. We saw for a possible association between smoking and ILD, but due to power 

issues, we could not definitively establish a unique role for this potential risk factor in ILD. Further 

studies are needed to better evaluate the effects of smoking and other factors regarding COPD and RA-

ILD onset, understand the existence of any underlying pathogenic mechanism, and ultimately assess 

smoking-cessation and ILD screening interventions in these high risk patients. 
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Tables and figures 

Table 2: Baseline characteristics of RA subjects in the full MarketScan and HRA smoking sub-cohort 

Full MarketScan cohort All RA subjects 
(n=373,940) 

RA-ILD 
(n=6,343) 

RA no ILD 
(n=367,597) 

Difference (95% 
CI) 

Mean age, years (SD) 50.5 (10.9) 51.3 (11.1) 50.4 (10.9)  

Female, n (%) 280,469 (75.0) 4,655 (73.4) 275,814 (75.0) -1.64 (-0.56, -2.75) 

COPD, n (%) 11,396 (3.1) 406 (6.4) 10,990 (3.0) 3.41 (2.83, 4.04) 

     

 Smoking sub-cohort All RA subjects 
(n=18,808) 

RA-ILD 
(n=288) 

RA no ILD 
(n=18,520) 

Difference (95% 
CI) 

Mean age, years (SD) 50.7(9.9) 51.8 (9.2) 50.7 (9.9)  

Female, n (%) 13,739 (73.1) 202 (70.1) 13,537 (73.1) 3.00 (-2.00, 8.51) 

Smoking, n (%)     

 Current 1,444 (9.4) 19 (8.3) 1,425 (9.5) 1.10 (-2.40, 3.46) 

 Past 2,103 (13.7) 32 (14.0) 2,071 (13.7) 0.07 (-4.11, 3.24) 

 Never 11,762 (76.8) 178 (77.7) 11,584 (76.8) 0.74 (-4.72, 6.52) 

COPD, n (%) 704 (3.7) 16 (5.6) 688 (3.7) 1.84 (-0.29, 5.13) 

     

95% CI = 95% confidence interval, SD = standard deviation, ILD = Interstitial lung disease, COPD = 
Chronic pulmonary obstructive disease 
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Table 3: Multivariate Cox regression models of the likelihood of RA-ILD onset in the full MarketScan and 

HRA smoking sub-cohort 

Full MarketScan cohort Hazard Ratio (95% CI) 

COPD 2.15 (1.93, 2.39) 

Female 0.93 (0.88, 0.99) 

Age at RA onset 1.00 (1.00, 1.01) 

Smoking sub-cohort Hazard Ratio (95% CI) 

Smoking  

 Current vs never 0.80 (0.49, 1.29) 

 Past vs never  0.99 (0.68, 1.44) 

COPD 1.67 (0.94, 2.93) 

Female 0.83 (0.62, 1.11) 

Age at RA onset 1.01 (1.00, 1.03) 

  

95% CI = 95% confidence interval, RA = Rheumatoid arthritis, COPD = Chronic 
pulmonary obstructive disease 

 
  



 

Page | 30 

Figure 1: Kaplan Meier curves for time to ILD onset stratified by co-existing COPD in the overall 

MarketScan RA cohort 
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CHAPTER 4: RESULTS OF ANALYSES IN THE MEDICAID COHORT ON RACE/ETHNICITY AND RA-ILD  

Our last objective was to examine race/ethnicity as a risk factor for RA-ILD. This was examined in the 

Medicaid cohort. This is presented below separately because the Medicaid data contains race/ethnicity 

information and this database is not linkable with the MarketScan Commercial Claims and HRA data. 

Results 

48, 695 incident RA subjects were identified in the Medicaid cohort, with a mean follow-up time of 3.3 

(SD 2.0) years.  1016 (2.2%) subjects developed ILD, with an incidence rate of 6.3 (95%CI, 5.7, 7.1) per 

1000 person-year. Table 4 shows baseline features of those who developed ILD and those who did not. 

416 (0.85%) subjects had missing information on race/ethnicity. There was a higher proportion of 

Hispanic subjects among those who developed ILD (3.4%) compared to those who did not (2.3%), with 

an absolute difference of 1.06 (95%CI, CI 0.11, 2.36). The presence of COPD was also more common in 

the ILD (versus no-ILD) group.  

Table 4: Medicaid cohort baseline characteristics 

Medicaid cohort All RA subjects 
(n=48,695) 

RA-ILD 
(n=1,016) 

RA no-ILD 
(n=47,679) 

Difference (95% 
CI) 

Mean follow-up duration, 
years (SD) 

1208.4 (733.8) 577.23 (600.0) 
 

1221.86 (730.5)  

Mean age, years (SD) 55.5 (15.6) 55.44 (15.1) 55.49 (15.7)  
Female, n (%) 39524 (81.2) 826 (81.3) 38698 (81.16) 0.14 (-2.40, 2.44) 
Race/ethnicity, n (%)*     

 White  26439 (54.8) 575 (56.9) 25864 (54.7) 2.35 (-0.75, 5.4) 

 Black 15179 (31.4) 294 (29.1) 14885 (31.5) -2.28 (-5.02, 0.61) 

 Hispanic 1124 (2.3) 34 (3.4) 1090 (2.3) 1.06 (0.11, 2.36) 

 Other 5537 (11.5) 108 (10.7) 5429 (11.5) -0.76(-2.53, 1.31) 

     
COPD, n (%) 8357 (17.2) 285 (28.1) 8072 (16.9) 11.12 (8.42, 13.98) 
     
*416 (0.85%) of subjects had missing information on race/ethnicity 
95% CI = 95% confidence interval, SD = standard deviation, ILD = Interstitial lung disease, COPD = Chronic 
pulmonary obstructive disease 

 

The incidence rate of ILD in the cohort based on race/ethnicity is shown in Table 5. Kaplan-Meier curves 

for ILD onset shows that Hispanic subjects developed more ILD during follow-up (log rank p=0.03) 

(Figure 2). On multivariate analyses adjusted for age, sex, and presence of COPD,  Hispanic subjects had 

a higher risk of developing ILD than white subjects (HR 1.49, 95% CI 1.06, 2.12) (Table 6).  
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In secondary analyses, the incidence rate of ILD among those with baseline COPD (up to the time of RA 

diagnosis) was significantly higher than those without COPD (Table 5). This association remained evident 

in multivariate analyses, where the presence of COPD was associated with a higher risk of developing 

ILD, HR 2.01, 95% CI 1.74, 2.31 (Table 6).  

 

Figure 2: Kaplan Meier curves for time to ILD onset stratified by race in the Medicaid cohort 
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Table 5: Incidence rate of ILD in the Medicaid cohort  

 Incidence rate 
(per 1000 PY) 

95% CI 

Medicaid cohort 6.34 5.67 7.13 
Race/Ethnicity    

 White 6.53 6.02 7.09 

 Black 5.57 4.97 6.25 

 Hispanic 9.14 6.53 12.79 

 Other 6.59 5.46 7.96 

Presence vs absence of COPD    

 No COPD 5.36 4.99 5.77 

 COPD 11.37 10.13 12.78 

PY = person-years, COPD = chronic pulmonary obstructive disease 

 
 

 

Table 6: Cox regression of the likelihood of RA-ILD onset in the Medicaid cohort 

Medicaid cohort Univariate Cox model 
Hazard Ratio (95% CI) 

Multivariate Cox model 
Hazard Ratio (95% CI) 

Race/ethnicity (compared to White)   

 Black 0.87 (0.75, 1.00) 0.92 (0.80, 1.06) 

 Hispanic 1.40 (0.99, 1.97) 1.49 (1.06, 2.12) 

 Other 0.97 (0.79, 1.19) 0.99 (0.80, 1.22) 

Female 0.99 (0.84, 1.16) 1.01 (0.86, 1.19) 
Age 1.00 (0.99, 1.00) 1.00 (0.99, 1.00) 
COPD presence 1.97 (1.71, 2.25) 2.01 (1.74, 2.31) 

COPD = chronic pulmonary obstructive disease  
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CHAPTER 5: DISCUSSION OF OVERALL RESULTS 

The following chapter will discuss the results of all the analyses performed and their limitations. Because 

we have already discussed in Chapter 3 our findings in the Commercial Claims/HRA dataset, regarding 

smoking, COPD, and RA-ILD, there will be a particular focus in this chapter on the association between 

race/ethnicity and RA-ILD in the Medicaid cohort. We will also discuss how findings in this cohort 

compare to the full MarketScan Commercial Claims cohort as well as to existing literature.  

Prevalence/Incidence of RA-ILD 

The majority of RA-ILD studies published to date have examined the prevalence or the cumulative 

incidence rather than annual incidence rates. We identified both cumulative incidence and annual 

incidence rates which can be compared to existing literature. 

In the Medicaid cohort, the cumulative incidence of RA- ILD over the follow up period was 2.1%. This is 

similar to our results in the Commercial Claims cohort, as well as earlier studies. For example, in a 

Danish population based study using the same ICD 10 codes we used for both RA and ILD: the 

prevalence of new onset ILD in incident RA subjects between 2004-2015 was almost identical, at 2.2% 

(65). In two large United Kingdom (UK) RA inception cohorts, the cumulative incidence of RA-ILD was 

slightly higher (3.7%) but patients were followed longer (a maximum follow-up of 25 years) than in our 

study (78). Similarly various other cohorts have reported a 10-year cumulative incidence of RA-ILD 

ranging from 3.5%-6.6%(79) but the higher rate is expected given the relatively long follow-up. 

Our RA-ILD incidence rates were 8.1 (95% CI 7.9, 8.3) per 1000 person-years in in the Medicaid cohort 

and 6.3 (95%CI 5.67, 7.13) per 1000 person-years in the Commercial Claims cohort. The reason for the 

slight difference is unclear and could be related to several unmeasured variables, including 

race/ethnicity, socioeconomic status, smoking, or differences in health care access and diagnostic 

testing. In fact, there is evidence that access for low income US residents may actually be better with 

Medicaid than with private insurance(80, 81). There have been few other studies which reported 

incidence rates of RA-ILD. In one UK cohort of patients with early RA  (less than 2 years disease duration) 

with a median follow up duration of 10 years, the incidence rate of RA-ILD was 4.1 per 1000 patient-

years (95% CI 3.0, 5.4)(20).  

Race/Ethnicity and RA-ILD 

Despite having few Hispanic subjects (representing only 2.3% of the Medicaid cohort), we found that 

they were more likely to develop ILD than white RA subjects. This is a novel finding in RA-ILD  and is 
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supported by a previous study which found that Hispanic subjects had an increased risk of any extra-

articular RA manifestation (OR 3.43, 95% CI 1.53-7.70) compared to white subjects after adjusting for 

age, sex, disease duration, and RF status (82). Indirect support for our finding was also seen in a large US 

cohort showing Hispanics and blacks with autoimmune rheumatic diseases were more likely to develop 

ILD than whites (57). The proportion of Hispanic and black subjects are similar to those found in other 

Medicaid studies in rheumatic disease (83). We were unable to study other race/ethnicity groups (e.g. 

Asians) in the current study because they were categorized as “Other”. Detailed assessments of the 

effects of race/ethnicity is also highly challenging because of its complex relations with other 

characteristics including access to care, smoking, occupational and environmental exposures, and other 

potential confounders or effect modifiers of RA-ILD risk that were unaccounted for. 

COPD and RA-ILD 

This is one of the first studies of COPD and RA-ILD and this association was examined in both the 

Commercial Claims and Medicaid cohorts. The prevalence of COPD among incident RA subjects in the 

Medicaid cohort (17.2%) was significantly higher than the prevalence of COPD in our Commercial Claims 

cohort. This may be due to differences between subjects with private health plans and subjects on 

Medicaid as COPD prevalence varies greatly across regions, particularly in areas of different social-

economic status in the US (84, 85).   

In the Medicaid cohort, there was a twofold increase in the risk for ILD related to COPD (HR 2.01, 95% CI 

1.74, 2.31) after adjusting for race/ethnicity, age, and sex. This is comparable to the Commercial Claims 

cohort, where the HR associated with COPD and ILD was 2.15 (95% CI 1.93, 2.39). In the HRA sub-cohort 

of patients with smoking information, the HR for increased ILD risk related to COPD had a wider 

confidence interval that included the null value (HR 1.67, 95% CI 0.94, 2.93). This could be due to a much 

lower power in the HRA sub-cohort.  The additional adjustment for smoking is less likely to be the main 

cause of this non-statistically significant finding because there was only a weak association between 

smoking status and COPD in the HRA sub-cohort. While we accounted for current or past smoking, we 

were unable to account for cumulative smoking which is more strongly associated with COPD. 

Furthermore, given the rarity of ILD, we could not definitively establish if COPD is linked to ILD or 

whether smoking is a confounder. 

Potential Limitations 

The analyses in the Commercial Claims, HRA, and Medicaid cohorts share similar limitations which will 

be discussed in more detail below; cohort specific limitations, where they apply, will also be pointed out. 
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Accuracy of disease identification 

The major potential limitation inherent in using administrative data for health research is that the 

validity of billing and hospitalization diagnoses is dependent on accurate coding. For RA identification, 

the coding used has been previously validated in Canadian health databases and was reported to have a 

sensitivity and specificity of 97% and 77% respectively (71). This definition was further validated in 

Swedish health databases using our ICD 9 and ICD 10 diagnostic codes(86). The addition of further 

requirements to include at least 3 RA claims or claims by a rheumatologist did not improve accuracy 

(71). In various administrative-data-based US cohorts, different RA case definition algorithms (including 

additional medication and/or blood test requirements) showed globally similar sensitivity and 

specificity, as long as at least two physician claims were required (72). We did not require that subjects 

be on DMARDs at diagnosis as part of the RA identification criteria because we aimed to capture all 

possible incident cases. While this additional requirement improved positive predictive values of RA 

diagnoses in a validation study of elderly onset RA, where the mean age was 80 years old(87), it did not 

impact the accuracy in other validation studies (71, 88) particularly when incident RA was required. 

Regardless, the patient demographics of our RA cohorts correspond with the expected age and sex 

distribution. 

Contrary to RA, ILD identification using ICD-9 and ICD-10 coding has been less extensively validated and 

is less robust. ILD coding maps poorly to the current clinical classification as the field has evolved 

significantly since the inception of ICD-10 coding in 1990. In IPF, the prototypical ILD for which there 

must not be any underlying cause such as autoimmune disease, validation studies of coding algorithms 

have shown positive predictive values (PPV) of 44-46% in two US cohorts when one IPF related claim 

was required(89). When at least 2 instances of ILD claims were required along with a procedural claim 

for lung imaging, the PPV increased to 66%(89). The coding for RA-ILD has never been strictly validated, 

but can be thought to have less specific requirements than IPF because it requires much less stringent 

diagnostic criteria. A recent unpublished abstract shows PPV for RA-ILD improved from 43% to 52% 

when requiring at least 2 instances of ICD-9 claims, and further improvement to 72% if these diagnoses 

were made by a specialist (73). They found no benefit by requiring a diagnostic test to be performed 

after ILD diagnosis. However, those authors included several codes for various other lung diseases not 

elsewhere classified, which may have reduced specificity (73).  Thus, we required at least 2 instances of 

ILD coding to define subject entry and this used a definition that was in keeping with several published 
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studies examining RA-ILD in particular (28, 65, 74) even though this definition has not been validated 

against another reference standard. 

COPD identification using administrative claims coding has been validated in different cohorts. The ICD-

10 coding definition we used had a sensitivity and specificity of 85.0% and 78.4% respectively (75) and 

the ICD-9 coding definition used had a sensitivity and specificity of 79% and 62% respectively(62). The 

addition of other coding requirements (including at least 2 COPD claim codes and/or the use of inhaler 

medication) into an identification algorithm did not significantly improve accuracy. There were small 

increases in specificity to the detriment of sensitivity, however the area under the receiver operating 

characteristics curve remained the same when validated in a large US cohort(62).   

Due to the inaccuracy of coding identification, the misclassification of ILD outcome would most likely to 

be non-differential when different race/ethnicities and different smoking status are considered the 

exposure. This would favor the finding of a null association between the exposure and the outcome, 

which would bias against finding any significant result. Because COPD and ILD are respiratory diseases 

that can both manifest with dyspnea and cough, it is conceivable that COPD may have been 

misdiagnosed as ILD or vice-versa, leading to a differential misclassification between COPD status 

(exposure) and ILD (outcome). While this may bias towards a false association between COPD and ILD, 

this scenario would be unlikely given the very different diagnostic modalities between the two diseases. 

Further, the requirement of at least 2 ILD codes, and the gap in time between a COPD diagnosis 

preceding RA with an ILD diagnosis after RA onset would also make this scenario less likely.  

Another potential limitation with administrative data is that some RA subjects may not represent true 

incident cases of RA. This is because subjects may drop in and out of administrative health records 

because of changes in health plans. While a 1 year look back period was required to ensure that no 

previous RA or ILD diagnoses were present before the index date, patients with very stable RA who did 

not consult any physician during that period could have been included as incident patients. Regardless, 

this may potentially affect the incidence rate of RA-ILD (possibly inflating the ‘incident’ ILD cases with 

prevalent cases). Although as noted earlier, with a relatively short average follow-up, we may have a 

more conservative estimate of RA-ILD incidence.  

Potential residual confounding 

We were unable to account for multiple risk factors of RA-ILD such as RF or ACPA seropositivity, RA 

disease activity, and HLA phenotypes. These have complex relationships with RA-ILD, smoking, COPD, 

and race/ethnicity. A non-exhaustive directed acyclic graph of these relationships is shown in Figure 3. 
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Both RF and ACPA seropositivity are associated with increased RA, RA-ILD, and RA-COPD. Smokers also 

tend to have more seropositive disease. Because seropositivity may be implicated in the causal pathway 

between smoking and RA-ILD, seropositivity may not need to be adjusted for as a confounder. However 

seropositivity is unlikely to be the sole cause of increased RA-ILD as both RA and RA-ILD can be seen in 

sero-negative patients. Also unclear is how genetic factors might influence RA-COPD and RA-ILD beyond 

seropositivity. Racial differences may also affect RA-ILD onset through genetic factors and other factors 

related to differential exposures stemming from social economic status and health care access. We were 

only able to account for age and sex which nevertheless remain two of the most important and 

consistently documented confounders in the relationship between smoking, COPD and RA-ILD.  We 

were also unable to adjust for disease activity which has been associated with RA-ILD development (90). 

 

Figure 3: Directed acyclic graph of the complex relationships between smoking, COPD, race/ethnicity, 

and other factors associated with RA-ILD  

 

Caption: This directed acyclic graph is non-exhaustive and shows presumed causal relationships denoted 

by an arrow. RA = rheumatoid arthritis, COPD = chronic obstructive pulmonary disease, HLA = human 

leukocyte antigen, ILD = interstitial lung disease, seropositivity = either rheumatoid factor or anti-

citrullinated peptide positive rheumatoid arthritis. 
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Other limitations 

In spite of the large population based databases there were relatively few cases of RA-ILD identified over 

the follow up intervals. Further stratification by smoking status and race/ethnicity limited the power of 

our analyses, particularly with regards to smoking. 

Inherent in our assessment of smoking (by a self-reported measure) was the possibility of 

misclassification of exposure. Reporting bias cannot be excluded as subjects may minimize reported 

smoking in healthcare plan questionnaires. We believe this would be non-differential with respect to the 

outcome of ILD and would bias any true association between smoking and ILD towards the null. 

Furthermore, cumulative smoking exposure, which is a stronger indicator of smoking risk, could not be 

assessed with the available data.  

Other potential limitations include a short follow up duration with a mean of 2.1±1.8 years after the first 

RA diagnosis in the MarketScan cohort and 3.3±2.0 years in the Medicaid cohort. This short disease 

duration may be because subjects are no longer identifiable when they change insurance status and it 

has been shown that close to 17% of Americans change plans each year (76). In longitudinal RA cohorts 

of more than 20 years duration, close to 50% of RA-ILD occurs within the first 5 years after RA onset (22, 

78). Thus, since RA-ILD can still develop later in the disease, our findings are likely an underestimate of 

the lifetime incidence of RA-ILD given the short follow up duration. We also did not examine patients 

who already developed ILD before RA diagnosis given that our goal was to investigate risk factors for RA-

ILD incidence. 

SUMMARY 

Using a US population based administrative database, we assessed the incidence of ILD in new onset RA 

subjects and its association with certain potential risk factors. Despite the large number of RA subjects, 

incident RA-ILD identified using administrative claim diagnoses were rare.  We found that RA-ILD onset 

was associated with pre-existing COPD at RA diagnosis, but not with current or past smoking. However 

the assessment of smoking was limited by the absence of cumulative exposure data and low statistical 

power.  We also found an association between Hispanic race/ethnicity and increased RA-ILD. These 

findings may help target high risk subjects that may benefit from ILD screening. Further studies are 

needed to better evaluate these factors in well characterized clinical cohorts to understand the 

existence of any underlying pathogenic mechanism, to assess the role of interventions or increased 

monitoring in these high risk patients.  
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