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Abstract

Introduction/Objectives: Assess the impact of chronic lung diseases (CLD) on survival in
rheumatoid arthritis (RA).

Method: Among participants in the Veterans Affairs Rheumatoid Arthritis (VARA) Registry, a
prospective cohort of U.S. Veterans with RA, we identified CLD and cardiovascular disease
(CVD) using administrative and registry data. Demographics, smoking status, RA characteristics
including Disease Activity Score in 28 joints (DAS28), and disease-modifying anti-rheumatic drug
(DMARD) use were obtained from registry data, which was linked to the National Death Index to
obtain vital status. We evaluated associations of CLD with survival using multivariable Cox
regression models.
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Results: Among a large (n=2,053), male predominant (91%) RA cohort, 554 (27%) had CLD at
enrollment. Mortality risk was increased 1.51-fold (95% CI 1.26-1.81) in RA patients with CLD
after multivariable adjustment, a risk that was similar to that observed with CVD (HR CLD alone
1.46 [1.03-2.06]; CVD alone 1.62 [1.35-1.94]). Survival was significantly reduced in those with
interstitial lung disease (ILD) as well as other forms of CLD. Mortality risk with methotrexate and
biologic use was not different in those with CLD compared to those without (p interaction = 0.15)
using multiple exposure definitions and propensity score adjustment.

Conclusions: Mortality risk is significantly increased in RA patients with CLD. This risk is
attributable not only to ILD but also to other chronic lung conditions and does not appear to be
substantially greater in those receiving methotrexate or biologic therapies. Comorbid lung disease
should be targeted as a means of improving long-term outcomes in RA.
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INTRODUCTION

Several chronic lung diseases have been described in rheumatoid arthritis (RA) including
interstitial lung disease (ILD), obstructive lung diseases (chronic obstructive pulmonary
disease [COPD], bronchiectasis, bronchiolitis), pulmonary nodules, medication toxicities,
and pleural diseases. Perhaps the most concerning of these pulmonary manifestations is ILD,
which is clinically apparent in up to 10-15% of RA patients and carries a poor long-term
prognosis [1-4]. In our prior work, we demonstrated that respiratory-related deaths were the
most overrepresented cause of death in men with RA [5] and similar findings were reported
in women with RA in the Nurses’ Health Study [6]. Notably, in both studies COPD, rather
than ILD, was the leading cause of respiratory-related death in RA. Despite their frequency,
the prognostic importance of lung diseases in RA beyond ILD is not well established. In a
population-based incident RA cohort study, obstructive lung disease (defined as an
obstructive defect on spirometry and a physician diagnosis of airway or parenchymal lung
disease) was associated with a 2-fold higher risk of mortality [7]. Bronchiectasis and
bronchiolitis have also been reported to increase the risk of mortality in RA patients in a few
small studies [8-10].

In addition to RA itself, several disease-modifying anti-rheumatic drugs (DMARDsS) have
been implicated in chronic lung diseases (e.g. drug-induced pneumonitis) [11-14].
Moreover, increased adverse events were reported in COPD patients receiving abatacept in a
randomized controlled trial [15]. Because of the potential for pulmonary toxicity with these
agents, there is significant concern regarding optimal DMARD selection in patients with
chronic lung disease, evidenced by epidemiologic channeling to leflunomide (away from
methotrexate) in RA patients with ILD [16]. The long-term safety and best practices for the
use of DMARD:s in RA patients with chronic lung disease remains an important and
unanswered question.

Our objective was to evaluate the risk of death among RA patients with chronic lung disease,
including chronic lung diseases other than ILD. To illustrate its importance on RA
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outcomes, we contrasted this risk with cardiovascular disease (CVD), another
overrepresented comorbid condition in RA patients that is well-established as a determinant
of poor long-term outcomes [5, 17, 18]. Additionally, we investigated whether select
DMARD use in RA patients with chronic lung disease was associated with differential
impact on survival.

MATERIALS AND METHODS

Participants

We utilized the Veterans Affairs Rheumatoid Arthritis (VARA) Registry, a multicenter
longitudinal observational cohort study of U.S. Veterans with RA fulfilling the 1987
American College of Rheumatology (ACR) classification criteria [19]. The VARA Registry
has been well described previously [20]. Patients were followed from the time of enroliment,
initiated in 2003, until death or censoring at the end of available vital status data (December
31, 2013). All patients provided written informed consent before enrollment, and each site
received institutional review board approval. This study was approved by the VARA
Scientific Ethics Advisory Committee.

Chronic lung disease assessment

Recognizing that chronic lung disease are often characterized by an insidious onset of
pulmonary symptoms leading to diagnosis, we assessed prevalent chronic lung disease by
using outpatient diagnostic codes within the VA Corporate Data Warehouse (CDW)
collected over a 2-year period, 12 months prior to and 12 months following enroliment.
Diagnostic codes were categorized using the Healthcare Cost and Utilization Project Clinical
Classification Software (HCUP-CCS, https://www.hcup-us.ahrg.gov/). HCUP-CCS is a
freely available software tool developed by the Agency for Healthcare Research and Quality
(AHRQ) that categorizes International Classification of Diseases, 9" Revision, Clinical
Modification (ICD-9-CM) codes into 295 distinct categories. Chronic lung disease
categories included were 127: chronic obstructive pulmonary disease and bronchiectasis,
128: asthma, 132: lung disease due to external agents; and 133: other lower respiratory
disease. Respiratory codes representing acute lung conditions were not included (122:
pneumonia; 123: influenza; 125: acute bronchitis; 126: other upper respiratory infections;
129: aspiration pneumonitis, food/vomitus; 130: Pleurisy, pneumothorax, pulmonary
collapse, 131: respiratory failure, insufficiency, arrest; 134: other upper respiratory disease).
Diagnostic codes (ICD-9-CM) corresponding to these HCUP-CCS categories are shown in
Supplemental Table 1. Chronic lung disease categories were not mutually exclusive (i.e.
patients could have multiple chronic lung diseases). To enhance the specificity of disease
classification, we required at least two HCUP-CCS codes within this 24-month window and
at least one of these codes to have occurred prior to VARA enrollment. CVD was assessed in
the same manner, using HCUP-CCS categories 96-97, 100-101, 105-110, and 112-114
(Supplemental Table 2). Recognizing that ICD-9-CM codes commonly used for ILD are
included within a HCUP-CCS category that also contains non-ILD codes (Supplemental
Table 3), we used diagnostic codes specific to ILD (ICD-9-CM: 495, 515-517, 714.81)
entered into the registry at enrollment by treating rheumatologists. An overall measure of
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comorbidity burden was assessed using the Rheumatic Disease Comorbidity Index (RDCI)
[21].

Clinical variables and vital status

In conjunction with routine rheumatology care, ACR core measures were collected by
treating rheumatologists, including erythrocyte sedimentation rate (ESR, mm/hr), 28-joint
swollen joint count (SJC), 28-joint tender joint count (TJC), patient and provider global
assessment (0—100mm visual analogue scale), multidimensional health-assessment
questionnaire (MD-HAQ) [22] as well as calculation of the Disease Activity Score in 28
joints (DAS28) [23]. DMARDSs, both biologic and non-biologic, and prednisone use were
similarly collected within the registry. Additional variables collected at enroliment were sex,
smoking status (current, former, never), education level, and self-reported race. HLA-DRB1
shared epitope (SE) alleles, C-reactive protein (CRP), anti-cyclic citrullinated peptide (anti-
CCP, U/ml) antibody, and rheumatoid factor (RF, 1U/ml) were measured using banked serum
and genomic DNA collected at enrollment, as previously described [24, 25]. Vital status was
determined by linkage with the National Death Index (NDI; Center of Excellence for
Suicide Prevention, Joint Department of VA and Department of Defense Suicide Data
Repository — NDI; http://vaww.virec.research.va.gov/Mortality/Overview.htm; extract
through 2013) [5].

Statistical analysis

Baseline characteristics were compared between patients with and without chronic lung
disease at the time of enrollment using chi-square and independent t-tests. Multivariable Cox
proportional hazards models were used to assess the association of chronic lung disease with
all-cause mortality. Covariates included in the Cox models were age, sex, race, smoking
status, MD-HAQ, DAS28, baseline DMARDs, and baseline prednisone use. MD-HAQ and
DAS28 were allowed to vary over time, while all other variables were fixed at enroliment
values. To compare mortality risk between chronic lung disease and CVD, a combined
categorization was created: neither comorbidity (referent), chronic lung disease alone, CVD
alone, or both comorbidities occurring together.

Associations of DMARDs with mortality in RA patients with chronic lung disease was
determined in stratified analyses (all patients, patients with chronic lung disease, and
patients without lung disease) and interaction terms were tested using multivariable Cox
regression models adjusting for age, sex, race, smoking status, MD-HAQ, DAS28, and
baseline prednisone use and clustered by enrollment site. DMARDs were modeled as time-
varying and baseline use separately. Because tumor necrosis factor inhibitors (TNFi)
comprised 95% of biologic DMARD use at baseline, all biologic ())DMARDs were
modeled together. In sensitivity analyses, we assessed DMARDS using propensity score
adjustment. We calculated propensity scores for receiving methotrexate, leflunomide,
hydroxychloroquine, sulfasalazine, azathioprine, or bDMARDs at baseline using age, sex,
race, education level, smoking status, chronic lung disease, RDCI score, RA disease
duration, anti-CCP antibody positivity, MD-HAQ, DAS28, and prednisone use as predictors
in logistic regression models. The resulting propensity scores (both as continuous values and
propensity score quintiles) were entered as a covariate into Cox models with the DMARD of
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interest. Proportional hazards assumptions were tested in Cox models by Schoenfeld
residuals, which were not significant. A p value <0.05 was considered significant in all
analyses, which were completed using Stata v15 (StataCorp, College Station, TX).

RESULTS

Baseline characteristics

Baseline characteristics of the study population (N = 2,053) stratified by chronic lung
disease status are shown in Table 1. Those with chronic lung disease were older (p value <
0.001), male predominant (p value = 0.005), less likely to have a high-school education (p
value = 0.004), more likely to be current or former smokers (p value < 0.001), and had
higher comorbidity scores (p value < 0.001). Anti-CCP antibody concentrations were higher
in those with chronic lung disease (mean 286 vs. 230 U/mL, p value = 0.007), while
frequency of anti-CCP and RF positivity and RF concentration did not differ between those
with and without chronic lung disease. Similarly, race, disease duration, subcutaneous
nodules, and SE positivity did not differ by chronic lung disease status.

Frequency of chronic lung disease

Using HCUP-CCS categories, 27% of participants (n = 554) had chronic lung disease with
other lower respiratory disease being the most common (16.1%) followed by COPD/
bronchiectasis (14.7%) (Table 2). Using physician entered diagnostic codes, the prevalence
of COPD (18.1%) was similar while ILD was documented in 5.2% of patients.

Chronic lung disease and survival

During a total observation period of 6682 patient-years, there were a total of 341 deaths; 139
of these occurred in patients with chronic lung disease (81.6 per 1000 person-years [PY],
95% confidence interval [CI] 69.1-96.0) and 202 occurred in patients without lung disease
(40.6 per 1000PY, 95% CI 35.4-46.6). Deaths among those with chronic lung disease
occurred on average 1.3 years earlier compared to those without (mean age at death of 73.3
+ 9.4 vs 74.6 £ 9.4 years). Respiratory-related deaths accounted for 22.3% of deaths among
those with chronic lung disease, but only for 9.9% among those without chronic lung
disease. Chronic lung disease (per HCUP-CCS codes) was associated with a significantly
greater mortality risk in all models (Table 3). In fully adjusted models, chronic lung disease
was associated with a 51% increased risk of mortality (hazard ratio [HR] 1.51, 95% ClI
1.26-1.81). Except for asthma, each individual HCUP-CCS chronic lung disease category
was associated with a greater mortality risk (HRs: COPD/bronchiectasis 1.61, 95% CI 1.39-
1.86; other lower respiratory 1.32, 95% CI 1.27-1.36). Using physician entered diagnostic
codes from the registry, COPD was associated with a 1.48-fold higher mortality risk (95%
Cl 1.16-1.90) and ILD was associated with a 1.90-fold higher mortality risk (95% CI 1.23-
2.96).

We then contrasted the mortality risk between chronic lung disease and CVD using a
combined lung and CVD classification. Using HCUP-CCS codes, 55.6% of participants had
neither lung nor CVD comorbidity, 16.5% of participants had only chronic lung disease,
17.3% had only CVD, and 10.6% had both comorbidities. Both chronic lung disease and
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CVD were associated with a similar increased risk of mortality alone compared to
individuals free of both conditions (Figure 1; CVD HR 1.62, 95% CI 1.33-1.94; chronic
lung HR 1.46, 95% CI 1.03-2.06). Those simultaneously afflicted with both chronic lung
disease and CVD had numerically higher mortality risk than those with lung or CVD
comorbidity alone (HR 2.28, 95% CI 1.80-2.89). In sub-analyses, COPD by both HCUP-
CCS (HR 1.76, 95% CI 1.33-2.32) and physician entered diagnostic codes (1.61, 95% CI
1.28-2.02) were associated with a similar risk of death as CVD comorbidity (Supplemental
Table 4). Other lower respiratory comorbidities identified by HCUP-CCS had a numerically
lower risk of death than CVVD comorbidity (other lower respiratory HR 1.13, 95% CI 0.85-
1.51; CVD HR 1.56, 95% CI 1.35-1.79) while ILD by physician entered codes had a
numerically higher risk of death (ILD HR 2.18, 95% CI 1.08-4.41; CVD HR 1.73, 95% ClI
1.58-1.90). The presence of both lung disease and CVD was associated with the highest risk
of death across all sub-analyses.

DMARDs and mortality risk

While individual DMARDs demonstrated associations with mortality in general, no
DMARD:s (baseline or time-varying use) were associated with an increased risk of mortality
in RA patients with chronic lung disease (Table 4). Furthermore, there was no evidence of
differential risk of mortality with baseline or time-varying methotrexate or bDMARD use in
those with/without chronic lung disease (all p values for interaction > 0.15). There was,
however, evidence of a significant interaction between hydroxychloroquine use and chronic
lung disease (P-values < 0.04). In stratified analyses, hydroxychloroquine use was associated
with a numerically more protective association with mortality in those with chronic lung
disease compared RA patients without lung disease; however, associations were not
statistically significant within each subgroup. Sub-analyses stratified by individual lung
diseases (HCUP-CCS COPD/bronchiectasis, other lower respiratory disease; physician
entered codes for COPD and ILD) were consistent with overall lung disease analyses (data
not shown). In sensitivity analyses incorporating propensity scores for baseline medication
use, again most DMARDSs were not associated with increased risk of mortality in those with
chronic lung disease, with the exception of baseline sulfasalazine use (continuous: HR 1.73,
95% CI 1.03-2.91; quintiles: HR 1.67, 95% CI 1.04-2.69; Supplementary Table 5).

DISCUSSION

Utilizing a cohort of U.S. Veterans with RA and adjustment for key confounders (e.g.
smoking status), we have demonstrated that chronic lung disease is associated with reduced
survival. These findings were not limited to ILD, but included the more common pulmonary
manifestation of COPD. Among the most compelling findings, the effect of chronic lung
disease on mortality risk was comparable to that of comorbid CVD. Our results emphasize
the importance of targeting chronic lung diseases in RA patients with a similar urgency as
has been proposed for CVVD [26] in order to achieve optimal long-term patient outcomes.

Prior studies of long-term outcomes in RA patients with lung disease have primarily focused
on ILD. There has been far less investigation into the long-term outcomes for RA patients
with obstructive lung diseases, despite evidence that the risk of obstructive lung disease,
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such as COPD, is increased in RA patients [27, 28]. Only a few small studies have examined
the survival of RA patients with non-ILD pulmonary manifestations, namely bronchiectasis
and bronchiolitis. While the comparison group varied between these studies, findings were
suggestive of an increased mortality risk [8-10]. Our study not only confirms the findings of
increased mortality with non-ILD lung diseases, but expands on these observations. We
studied over 2,000 RA patients of which 27% had chronic lung disease and found a 51%
increase in mortality for those with any chronic lung disease relative to RA patients without.
Those with chronic lung disease were also more likely to die from lung disease (22.3% in
those with chronic lung disease vs. 9.9% in those without). While physician coding for ILD
numerically carried the highest risk of death in our study (nearly 2-fold higher), COPD/
bronchiectasis and other lower respiratory disease codes were associated with an increased
risk of death by 32—-61% in RA patients. These results clearly indicate that non-1LD
pulmonary manifestations are a major determinant of mortality risk in RA. Furthermore,
these results are in line with those from the general population where risk of death was
increased 1.6-fold for moderately severe COPD and 1.7-fold for restrictive lung disease [29].

The heightened risk of CVD and CVD-related mortality in RA has been well established [5,
17, 18]. As a result, numerous efforts have been undertaken to enhance the identification of
CVD and its risk factors as well as treating both RA and modifiable risk factors as a means
of preventing premature CVVD mortality [26]. In fact, recent reports suggest these efforts
may be effectively narrowing the current gap in CVD incidence between RA patients and the
general population [30]. Building on prior studies identifying respiratory-related mortality as
the most overrepresented cause of death in RA [5, 6], we have illustrated that comorbid lung
disease carries a similar mortality risk as comorbid CVD. Thus, our findings provide support
for the concept that researchers and clinicians alike should aggressively target the
identification and treatment of lung disease in RA as well as its risk factors, as has been
previously done in CVD. It should be noted, however, that these efforts could render fewer
gains than efforts focused on CVD because of the limited interventions that are currently
available such as smoking cessation and oxygen supplementation. Unfortunately, data
suggesting aggressive immunomodulatory therapy improves survival in RA patients with
chronic lung disease is lacking, in contrast to some findings with CVD-related mortality in
RA [31].

Selecting optimal DMARDSs in RA patients with chronic lung disease is challenging. There
is concern that select DMARDS could exacerbate pre-existing lung disease or cause
pulmonary toxicity. Pre-existing lung disease is a risk factor for methotrexate pneumonitis
[32] and, as suggested in the current study, individuals with/at-risk-for lung disease are often
channeled to alternative therapies, such as leflunomide [16]. However, there is limited
evidence to support or refute these safety concerns, making it critically important to evaluate
the risk of poor long-term health outcomes with DMARDSs in RA patients with chronic lung
disease. Reassuringly, our analyses suggest that chronic lung disease does not appear to
differentially impact the mortality risk attributable to most DMARDs, including
methotrexate and bDMARDs. These findings of similar mortality risk in those with and
without lung disease were robust to alternate definitions of DMARD use (baseline vs. time-
varying) as well as statistical models (Cox models with multivariable adjustment vs.
propensity score adjustment). As this is an observational study design in which treatment
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selection was informed rather than randomly selected, our observations should be interpreted
as associations and not causal evidence. Moreover, we examined mortality risk stratified by
a composite chronic lung disease measure. Therefore, future work will be needed to
determine if there is a differential mortality risk with DMARDs based on specific sub-types
of chronic lung disease in RA.

There are limitations to our study. Because our primary objective was to evaluate survival
following lung disease, we ascertained lung disease at cohort inception. Left censoring may
have occurred and lung disease occurring during follow-up was not included, but these
would be anticipated to bias the risk of mortality towards the null. Furthermore, the insidious
onset of lung disease makes it difficult to clearly define “incident” vs. “prevalent” lung
disease and will need to be the subject of future studies. We assessed lung disease using
diagnostic codes and categorized specific lung diseases using the HCUP-CCS. While this is
a standardized, freely accessible classification software for diagnostic codes, it provides only
limited classification of chronic lung diseases and has the potential to misclassify specific
lung diseases. However, we also examined diagnoses of COPD and ILD annotated by the
treating rheumatologist, with resulting COPD findings that were generally in agreement with
results based on HCUP-CCS classification. Given the retrospective nature of these analyses,
we were unable to apply American Thoracic Society/European Respiratory Society
guidelines for ILD classification [33]. Our rates of chronic lung disease are higher than
others have reported [7], which likely reflects the male predominance and frequent smoking
history of our cohort and the VA population but may limit generalizability. Data regarding
the severity of lung disease, imaging findings, and pulmonary function tests were not
available. While we adjusted for smoking status at the time of enrollment, data was not
available regarding duration, dose, or intensity of tobacco exposure as well as changes in
tobacco use that may have occurred during follow-up. Due to limited use of non-TNF
bDMARD: in those with chronic lung disease in our sample, we grouped all b DMARDs
together. Thus, future studies are needed to adequately assess the mortality risk with
individual bDMARDs.

Our study has numerous strengths including its cohort design and unique study population
enriched with chronic lung disease. Moreover, these analyses leveraged robust data
including longitudinal RA disease measures and functional status, autoantibodies, and
enrollment smoking status that could be potential confounders and were adjusted for in
multivariable analyses. We linked the clinical data within the VARA registry to the NDI to
assess vital status and with administrative VA data to capture diagnostic codes related to
usual care. Finally, we utilized the HCUP-CCS, readily available to other researchers for use
in studying chronic lung disease in RA using administrative data.

In summary, we have demonstrated a greater risk of death for RA patients with chronic lung
disease that is similar in magnitude to that of CVD and not limited to ILD. Reassuringly,
methotrexate and bDMARD use, as occurring in regular care, were not observed to impart a
higher risk of mortality in RA patients with chronic lung disease. While future studies
should expand on our findings with further characterization of lung disease that includes
imaging findings and pulmonary function testing, our study importantly brings to attention
the poor prognosis that accompanies chronic lung disease in RA.
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Chronic lung disease 163 (1.18, 2.24) 1.46 (1.03, 2.06)
Cardiovascular disease 1.58 (1.32, 1.89) 1.62(1.35, 1.94)
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Figure 1.

Comparison of all-cause mortality risk between chronic lung and cardiovascular disease
comorbidity.

Probability of survival by chronic lung disease (CLD) and cardiovascular disease (CVD)
status assessed during the 12 months prior to and following registry enroliment (neither
CVD nor CLD [black], CVD only [green], CLD only [blue], both CVD and CLD [red]). The
table contained within the figure shows hazard ratios for the association of CVD and CLD
with all-cause mortality in multivariable Cox models as well as the null interaction between
CVD and CLD
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Table 1.

Baseline characteristics of rheumatoid arthritis cohort by chronic lung disease status.

Variable Lung Disease (n=554) No Lung Disease (n=1499) P value

Demographics and comorbidities

Age, years 65.7 (9.9) 62.7 (11.2) <0.001
Male sex, % 93.1 89.2 0.005
White, % 79.0 76.0 0.14
High-school education, % 83.3 88.1 0.004
Smoking status, % <0.001

Current 27.9 25.9

Former 58.4 50.5

Never 13.7 23.6
Body mass index, kg/m?2 28.5(5.6) 28.4 (5.6) 0.54
RDCI score 39(1.2) 1.7 (1.3) <0.001
RA disease status
RA duration, years 11.5(11.5) 11.8 (11.4) 0.60
Shared epitope positive, % 72.3 717 0.82
Anti-CCP positive, % 79.3 77.0 0.25
Anti-CCP, U/mL 286 (439) 230 (389) 0.007
RF positive, % 80.5 79.4 0.59
RF, IU/mL 370 (719) 328 (707) 0.25
Nodules, % 31.9 29.5 0.27
MD-HAQ, 0-3 1.0 (0.6) 0.9 (0.6) 0.002
ESR, mm/Hr 31.7 (1.2) 24.6 (0.6) <0.001
C-reactive protein, mg/dL 1.4(21) 1.1(1.9) 0.003
DAS28 4.1(15) 3.9 (1.6) 0.003
Medications
Methotrexate, % 50.2 57.3 0.003
Leflunomide, % 15.4 9.7 <0.001
Hydroxychloroquine, % 34.8 34.0 0.72
Sulfasalazine, % 14.4 14.6 0.93
Biologic DMARD, % 28.3 275 0.69
Prednisone, % 47.0 38.4 <0.001

P value by independent t-test or X2,

Abbreviations: RDCI, Rheumatic Disease Comorbidity Index; RA, rheumatoid arthritis; CCP, cyclic citrullinated peptide; RF, rheumatoid factor;
ACR, American College of Rheumatology; MD-HAQ, multidimensional Health Assessment Questionnaire; ESR, erythrocyte sedimentation rate;
DAS28, 28-joint Disease Activity Score; CDAI, Clinical Disease Activity Index; DMARD, disease-modifying antirheumatic drug; NSAIDs, non-
steroidal anti-inflammatory drugs
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Frequency of specific chronic lung disease comorbidities (N = 2,053).

Table 2.

Lung disease N % of Patients
Any HCUP-CCS chronic lung disease 554 27.0
HCUP-CCS, COPD and bronchiectasis 301 14.7
HCUP-CCS, asthma 62 3.0
HCUP-CCS, lung disease due to external agents 2 0.1
HCUP-CCS, other lower respiratory disease 4 330 16.1
Physician entered, ILD’f 106 5.2
Physician entered, COPD 371 18.1

Page 14

Abbreviations: HCUP-CCS, Healthcare Cost and Utilization Project-Clinical Classification Software; COPD, chronic obstructive pulmonary

disease; ILD, interstitial lung disease

fMost diagnostic codes for interstitial lung disease are included in this HCUP-CCS category

¢ICD-9-CM: 495, 515-517, 714.81
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Associations of chronic lung disease with all-cause mortality in RA.

Table 3.

Age & Sex

Inter mediateJr

Fully adjusted*

HCUP-CCS

Chronic lung disease

COPD & bronchiectasis

Asthma

Other lower respiratory

Physician entered

COPD

Interstitial lung disease

1.80 (1.54, 2.11)
2.02 (1.60, 2.56)
1.02 (0.47, 2.17)
1.52 (1.45, 1.59)

1.82 (1.43, 2.30)
1.99 (1.35, 2.94)

1.72 (1.41, 2.10)
1.89 (1.50, 2.38)
1.11 (0.49, 2.53)
1.47 (1.35, 1.60)

1.70 (1.34, 2.16)
1.90 (1.26, 2.86)

1.51 (1.26, 1.81)
1.61 (1.39, 1.86)
0.77 (0.23, 2.54)
1.32 (1.27, 1.36)

1.48 (1.16, 1.90)
1.90 (1.23, 2.96)

Values are hazard ratios and 95% confidence intervals.

I . . .
Intermediate model includes age, sex, race, smoking status.

Page 15

’tFuIIy adjusted model includes covariates from intermediate model and multidimensional Health Assessment Questionnaire, 28-joint Disease
Activity Score, baseline DMARDs, baseline prednisone use.

Abbreviations: HCUP-CCS, Health Care Cost and Utilization Project Clinical Classification Software; COPD, chronic obstructive pulmonary

disease
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Table 4.

Page 16

Associations of disease-modifying anti-rheumatic drugs (DMARDs) with mortality in RA patients with and
without comorbid chronic lung disease.

DMARD

All subjects

Lung Disease

Nolung Disease P interaction

Time-varying
Methotrexate
Leflunomide
Azathioprine
Hydroxychloroquine
Sulfasalazine
Biologic DMARD
Baseline
Methotrexate
Leflunomide
Azathioprine
Hydroxychloroquine
Sulfasalazine

Biologic DMARD

0.60 (0.50, 0.71)
0.79 (0.60, 1.04)
1.30 (0.82, 2.06)
1.08 (0.88, 1.33)
0.81 (0.68, 0.96)
0.60 (0.48, 0.75)

0.79 (0.59, 1.05)
0.86 (0.59, 1.26)
0.96 (0.66, 1.39)
0.93 (0.77, 1.14)
1.00 (0.80, 1.24)
1.05 (0.88, 1.25)

0.56 (0.42, 0.75)
0.67 (0.40, 1.11)
0.81 (0.33, 1.96)
0.96 (0.71, 1.30)
0.90 (0.72, 1.13)
0.64 (0.46, 0.88)

0.80 (0.53, 1.19)
0.88 (0.45, 1.70)
0.71 (0.28, 1.79)
0.68 (0.4, 1.04)
1.27 (0.93, 1.74)
1.09 (0.87, 1.37)

0.62 (0.52, 0.74)
0.94 (0.63, 1.42)
1.72 (1.21, 2.44)
1.20 (0.97, 1.48)
0.74 (0.60, 0.91)
0.54 (0.41, 0.70)

0.76 (0.56, 1.04)
0.94 (0.63, 1.41)
1.36 (0.70, 2.63)
1.19 (0.97, 1.47)
0.82 (0.54, 1.23)
0.97 (0.74, 1.28)

0.59
0.10
0.09
0.04
0.33
0.19

0.80
0.63
0.25
0.01
0.14
0.15

Values are hazard ratios and 95% confidence intervals.

Models adjusted for age, sex, race, smoking status, multidimensional Health Assessment Questionnaire, 28-joint Disease Activity Score, chronic

lung comorbidity (all-subjects only), and baseline prednisone use.
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