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ABSTRACT
Objective  To examine the risk and risk factors of mortality 
in patients with rheumatoid arthritis (RA) with interstitial 
lung disease (ILD).
Methods  Using the 1997–2013 Taiwanese National 
Health Insurance Research Database, we identified 32 
289 incident patients with RA by using International 
Classification of Diseases, Ninth Revision codes from 2001 
to 2013, and 214 patients developed ILD subsequently. 
We matched (1:10) RA-ILD with controls for sex, age, 
time of ILD diagnosis and disease duration. In addition, 
we conducted propensity score matching (PSM) (1:1) for 
selected comorbidities to choose RA-ILD patients and 
controls. Using the Cox proportional hazard model, we 
estimated the association of mortality with ILD for the two 
matched populations and assessed factors associated with 
mortality among 214 RA-ILD patients, shown as adjusted 
HRs (aHRs) with 95% CIs.
Results  In the populations selected before and after PSM, 
we included 164 and 155 patients with RA-ILD and 1640 
and 155 controls, respectively. ILD was associated with 
mortality in the population before PSM (aHR, 1.73; 95% CI 
1.19 to 2.52) and in the PSM population (HR 4.38; 95% CI 
2.03 to 9.43). Among 214 patients with RA-ILD, age (aHR 
1.04; 95% CI 1.03 to 1.08), chronic obstructive pulmonary 
disease (COPD) (aHR 2.12; 95% CI 1.25 to 3.58), diabetes 
mellitus (DM) with end-organ damage and corticosteroid 
dose (prednisolone equivalent, mg/day) (aHR 1.09; 95% CI 
1.07 to 1.11) were associated with mortality in RA-ILD.
Conclusion  This population-based cohort study showed 
that ILD was associated with risk of mortality in patients 
with RA, and risk factors associated with mortality in 
patients with RA-ILD included age, COPD, DM with end-
organ damage and average daily prednisolone dose.

INTRODUCTION
Rheumatoid Arthritis (RA) is a systemic auto-
immune disease affecting about 0.46% of the 
worldwide population.1 The most common 
extra-articular manifestation of RA is lung 

involvement, which comprises up to 60% of 
the RA population.2 3 Basically, any part of the 
lungs can be affected, that is, pleura, paren-
chyma, airways and pulmonary vasculatures. 
Lung parenchyma is the most commonly 
affected compartment causing interstitial 
lung disease (ILD). The incidence and preva-
lence of RA-ILD varied widely due to variable 
case definitions and sample sizes. A systemic 
review showed the prevalence of RA-ILD 

WHAT IS ALREADY KNOWN ON THIS TOPIC?
	⇒ Rheumatoid arthritis-related interstitial lung disease 
(RA-ILD) is associated with increase mortality risk. 
However, there were limited data on the incidence 
and risk factors for RA-ILD mortality and the sample 
size for previous studies were pretty small.

WHAT THIS STUDY ADDS?
	⇒ This study investigated the incidence and risk fac-
tors for RA-ILD mortality on both patient-specific and 
treatment-specific variables by using a population-
based database.

	⇒ We found that ILD was associated with risk of mor-
tality in patients with RA.

	⇒ The risk factors associated with mortality in patients 
with RA-ILD included age, chronic obstructive pul-
monary disease (COPD), diabetes mellitus (DM) with 
end-organ damage and average daily prednisolone 
dose.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY?

	⇒ More judicious use of steroids among elderly pa-
tients with RA-ILD.

	⇒ Screening for comorbidities of COPD and DM with 
end-organ damage as part of the routine in treating 
RA-ILD population.

	⇒ Research on the effect of RA treatment on RA-ILD 
mortality is needed.
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ranged from 1.8% to 67% (median: 24.9%).4 The inci-
dence of RA-ILD in Taiwan’s nationwide population-
based cohort study was 0.7%, with an incidence rate 
ratio (IRR) of 9.05.5 A recent meta-analysis by Qiu et 
al6 has shown 10 factors associated with increased risk 
of mortality in RA-ILD: older age, male sex, smoking 
history, lower diffusing capacity of the lung for carbon 
monoxide, lower forced vital capacity predicted, higher 
composite physiological index, usual interstitial pneu-
monia (UIP) pattern on high-resolution CT, emphysema 
presence and acute exacerbation of ILD. However, the 
majority of the studies were single-centre studies. There 
were very limited studies on the influence of treatment, 
especially biological therapy, on mortality in RA-ILD.7 8

We conducted a nationwide, population-based cohort 
study to compare the incidence of death between RA 
patients with ILD and RA patients without ILD. We also 
examine the predictors of RA-ILD mortality, concen-
trating on patient-specific variables and treatment-
specific variables, by using the Taiwanese National Health 
Insurance Research Database (NHIRD).

METHODS
Study design
This was a nationwide, population-based, matched cohort 
study.

Data source
Claims data from 1997 to 2013 were retrieved from 
the Taiwanese NHIRD. Since 1995, the National 
Health Insurance (NHI) was initiated in Taiwan. It is a 
compulsory insurance programme covering 99% of the 
Taiwanese population. The National Health Research 
Institute manages the NHIRD and releases claims data 
for research purposes and The Bureau of NHI routinely 
audits and monitors claims data to avoid the inclusion of 
fraudulent data.

The NHIRD contains registration files and compre-
hensive claims data for all ambulatory and inpatient 
services, including information regarding demographics, 
residence, prescription medications, diagnoses, medical 
expenditure, surgeries, procedures and examinations. 
All patients with major illnesses are registered in the 
catastrophic illness registry if the categorisation is agreed 
on regardless of disease severity after a thorough review 
of original charts by two independent specialists. There 
after, a catastrophic illness certificate will be issued to 
these patients whom the medical services expenses will 
be exempted.

Patients identifications from the entire Taiwan population
Patients with RA who were registered in the catastrophic 
illness registry (International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) codes 
714.0, 714.30–714.33) were retrieved. All patients newly 
diagnosed with RA from 2001 to 2013 were included. 
Exclusion criteria were a diagnosis of ILD (ICD-9-CM 
codes 515, 516.3, 516.8, 516.9, 517) before the time 

of RA diagnosis or overlapping diagnosis of systemic 
autoimmune rheumatic diseases, including systemic 
lupus erythematosus (ICD-9-CM code 710.0), Sjogren’s 
syndrome (ICD-9-CM code 710.2), dermatomyositis 
(ICD-9-CM code 710.3), polymyositis (ICD-9-DM code 
710.4) and systemic sclerosis (ICD-9-CM code 710.1). 
The index date for patients with RA was defined as the 
RA catastrophic illness certificate application date.

Definition of ILD
Patients with RA identified above will be further divided 
into ILD and non-ILD groups. In order to improve the 
validity of ILD diagnosis, we defined ILD as follows: (1) 
at least one outpatient or inpatient visit using ICD-9-CM 
code 515, 516.3, 516.8, 516.9 or 517 and (2) a radiolog-
ical or pathological diagnosis using the appropriate NHI 
code (online supplemental table A) within 6 months 
before or after the first date of diagnosis. If the radio-
graphic or pathological ILD diagnosis was made after 
the first outpatient or inpatient visit, we required at least 
another outpatient or inpatient visit with ILD diagnosis. 
Exclusion criteria were those without insured amount 
and those without urbanisation categorisation. The 
index date was the first date of ambulatory or inpatient 
visit with an ILD diagnosis.

Age, sex, year of ILD diagnosis and disease duration-matched 
RA population
We matched (1:10) RA-ILD patients with RA patients 
without a diagnosis of ILD during the follow-up period 
for age, sex, year of ILD diagnosis date and disease dura-
tion.

Propensity score-matched RA population
In addition, using the 1:10 matched RA population 
mentioned above, we conducted propensity score 
matching (PSM) for the comorbidities used to calculate 
the Charlson Comorbidity Index at a ratio of 1:1 to select 
another RA population to examine the influence of ILD 
on mortality in patients with RA.

Outcome
The primary outcome was mortality for both groups of 
patients during the study periods. Data were censored on 
31 December 2013 or on the withdrawal date from the 
NHI for any reason, whichever came first.

Potential confounders
Potential confounders for this study included age, 
sex, disease duration, urbanisation level of residence, 
income, comorbidities and medications for RA treat-
ment. The urbanisation level of a residence was catego-
rised according to population density (people/km2); the 
proportion of agricultural workers, participants with an 
educational level above college and elderly (aged  >65 
years); and the number of physicians/105 individuals.9 
The payroll-related insured amount was used as a proxy 
of income and was transformed into a categorical vari-
able with two levels. The comorbidities used to calculate 
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the Charlson Comorbidity Index were considered poten-
tial confounders.10 The presence of comorbidity was 
defined as having at least one hospitalisation or at least 
three ambulatory visits with a corresponding ICD-9-CM 
code within 1 year before the index date. The ICD-9-CM 
codes of comorbidities are shown in online supplemental 
table A. RA-related medications included corticoster-
oids, non-steroidal anti-inflammatory drugs (NSAIDs), 
cyclophosphamide, other immunosuppressants (ciclo-
sporin, azathioprine, mycophenolate and mycophenolic 
acid), conventional synthetic disease-modifying anti-
inflammatory drugs (DMARDs) (methotrexate, sulfasala-
zine, leflunomide and hydroxychloroquine) and biolog-
ical DMARDs (tumour necrosis factor inhibitor (TNFi), 
tocilizumab, abatacept and rituximab). Use of RA-related 
medications at baseline was identified within 1 year before 
the index date and was adjusted as categorical variables, 
which may serve as a proxy of baseline RA disease activity. 
We also adjusted time-averaged dose of RA-related medi-
cations during the follow-up period (ie, NSAID, cumula-
tive defined daily dose (cDDD)/day; corticosteroid, pred-
nisolone equivalent dose, mg/day; methotrexate, per 2.5 
mg/week, sulfasalazine, cumulative dose/500 mg/day; 
leflunomide, cDDD/day; cyclophosphamide, cumula-
tive dose/500 mg/month, other immunosuppressant, 
cDDD/day; TNFi, cDDD/day; tocilizumab, cDDD/day; 
abatacept, cDDD/day; rituximab, cumulative dose/500 
mg/6 months).

Statistical analysis
Continuous variables are presented as mean±SD while 
categorical data are presented as the percentage of 
subjects. The χ2 test was utilised to evaluate differences 
between categorical variables whereas the Student’s 
t-test was used for continuous variables. The mortality 
of RA-ILD or RA-non ILD was taken as the number of 
subjects’ death events in percentage. The IRRs and their 
corresponding 95% CIs were evaluated. Finally, the asso-
ciation of mortality with ILD was assessed using the multi-
variable Cox regression analysis shown as adjusted HR 
(aHR) with 95% CIs adjusting for potential confounders. 
In the PSM population, we conducted a conditional Cox 
regression analysis to estimate the influence of ILD on the 
risk of mortality. To examine the impact of covariates on 
mortality among 214 patients with RA-ILD, we conducted 
a multivariable Cox regression analysis adjusting for the 
covariate with a p<0.05 in the univariable Cox regression 
analysis.

RESULTS
Baseline characteristics
In total, we identified 214 patients with RA-ILD and 30 
882 RA-non ILD patients after excluding the criteria 
mentioned above. Figure 1 shows the flow chart of subject 
identification. After matching the age of RA, age of ILD 
diagnosis, gender and disease duration, we were able to 
identify 164 and 155 patients with RA-ILD patients in the 

age, sex, year of ILD diagnosis date and disease duration-
matched population and the PSM population, respec-
tively. The mean±SD disease duration from RA diagnosis 
to ILD detection was 3.5±2.8 years. The demographic and 
clinical characteristics of the study subjects, including the 
level of urbanisation, patient income, comorbidities and 
medications, are shown in table 1.

Incidence of mortality in RA patients with ILD and RA patients 
without ILD
As seen in table  1, the mortality rate was significantly 
higher in the RA-ILD group compared with the non-ILD 
group, with the IRR of 2.66 in the pre-PSM population 
and 2.55 in the PSM papulation. Among the population 
before PSM, we found that ILD was significantly associ-
ated with the risk of mortality in patients with RA in the 
univariable model (crude HR 2.69; 95% CI 1.97 to 3.68) 
and in the multivariable model (aHR 1.73; 95% CI 1.19 
to 2.52) using the Cox regression analyses. In the PSM 
population, ILD was significantly associated with the risk 
of mortality in patients with RA using the conditional 
Cox regression model.

Factors associated with mortality in patients with RA-ILD
Online supplemental table 2 indicates the demographics 
and clinical characteristics of RA-ILD patients, whereas 
online supplemental table 3 summarises the Cox propor-
tional regression analysis of factors associated with 
mortality. For patient demographic factors, predictors 
of mortality included age at ILD diagnosis. With regard 
to comorbidities, dementia and diabetes mellitus (DM) 
with end-organ damage were significantly associated with 
higher mortality across all models. Regarding RA-related 
medications, only a time-averaged dose of corticosteroid 
during the follow-up period was significantly associated 
with mortality in patients with RA-ILD.

DISCUSSION
This nationwide, population-based study showed that 
ILD significantly increased the risk of mortality in 
patients with RA, with aHR of 1.73 in the age, sex, disease 

Figure 1  Study subject identification flow chart. ILD, 
interstitial lung disease; RA, rheumatoid arthritis.
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duration-matched population and 4.38 in the PSM popu-
lation. The mean±SD age at ILD diagnosis was 64.2±14.2 
years. These results were consistent with most of the 
systematic reviews as well as meta-analyses on RA-ILD 
mortality risk factors.6 11–13 The explanation for the high 
mortality rate in RA-ILD populations is multifactorial. 
The majority of patients with RA-ILD comprise of UIP 
pattern, which itself is a poor prognostic factor.14–16 The 
most common radiological features in UIP are subpleural 
and basilar predominant reticular abnormalities, honey-
combing and traction bronchiectasis with rarely ground-
glass opacification. Of note, UIP is also a feature of idio-
pathic pulmonary fibrosis (IPF).17 A recent article found 
a similar genetic susceptibility between IPF and RA-ILD.18 
Exacerbation of ILD and recurrent lungs infection also 
increases the risk of mortality in RA-ILD.6

Our study found a significant association between 
mortality and older age, which is consistent with meta-
analysis data.6 Other patient-specific variables which 
significantly increase RA-ILD mortality are comorbidities 
of chronic obstructive pulmonary disease (COPD) and 
DM with end-organ damage. There is growing evidence 
that the autoimmune pathway is playing a significant 
role in emphysema, especially in the RA population.19 20 
COPD increased mortality in patients with RA had been 
shown in a recent Danish population-based study.21 A few 
studies also showed a poorer prognosis in RA-ILD with 
the presence of emphysema.22 23 Smoking is a known risk 
factor for COPD and it represents a confounder for the 
association between COPD and RA-ILD mortality. The 
prevalence of DM is increased in patients with RA, and 
there is a strong linkage between RA insulin resistance 
and systemic inflammation induced by proinflamma-
tory cytokines.24 25 There is an association between DM 
and ILD/IPF with an unknown mechanism.26 Our study 
has shown that DM with end-organ damage increased 

RA-ILD mortality. Further study is needed to explore the 
pathophysiology linkage between DM and RA-ILD.

There are only very limited studies on RA treatment as 
predictor for RA-ILD mortality. There were also a contro-
versy with regards to the effect of conventional DMARDs 
and biological DMARDs on RA-ILD onset, progression 
and mortality.7 27–29 Our report showed average daily 
prednisolone dose increased RA-ILD mortality. One of 
the reasons of this association might be due to risk of 
infections with increase prednisolone usage.30 Indirectly, 
it also reflected on increased RA or ILD activity which 
directly affecting the mortality in RA-ILD group.

There are few limitations in this study. First, lack 
of smoking data which represents an unmeasured 
confounder for RA-ILD mortality. However, we have 
assessed the association of RA-ILD mortality with smoking-
related comorbidities, which may partially reflect the 
impact of smoking. Second, the diagnosis of RA and ILD 
may be questionable from claim data. We had overcome 
this by identifying patients with RA and ILD from the 
catastrophic illness registry whereby the diagnosis of RA 
had been confirmed by at least two rheumatologists after 
careful review of original medical records. Third, asymp-
tomatic RA-ILD might went undetected due to the lack of 
standardised screening methods. Finally, the study results 
might not be able to be generalised to non-Taiwanese 
populations.

In conclusion, this is one of the few population-based 
cohort studies to analyse the predictors of RA-ILD 
mortality. Our data confirm that older age of ILD diag-
nosis is a strong predictor of mortality in patients with 
RA-ILD. We found associations of mortality with COPD 
and DM end-organ damage among patients with RA-ILD. 
In terms of treatment-specific variable, average daily pred-
nisolone dose carried a worst prognosis. Further studies 
are required to study the pathophysiology link between 

Table 1  Incidence rates of death in study subjects

Total Event (%)
Total person-
years

Incidence rate 
(/105 years) IRR (95% CI) HR (95% CI) aHR (95% CI)

Before PSM

 � Group

 � None ILD 1640 220 (13.41) 7396 2975 Ref. Ref. Ref.

 � ILD 164 48 (29.27) 607 7908 2.66 (1.95 to 3.63) 2.69 (1.97 to 3.68) 1.73 (1.19 to 2.52)*

1:1 PSM

 � Group

 � None ILD 155 21 (13.55) 720 2918 Ref. Ref. Ref.

 � ILD 155 43 (27.74) 578 7434 2.55 (1.51 to 4.29) 4.38 (2.03 to 9.43) 4.38 (2.03 to 9.43)†

*Adjusted for sex, age, level of urbanisation, low income, comorbidities (hypertension, hyperlipidaemia, myocardial infarction, 
congestive heart failure, peripheral vascular disease, cerebrovascular disease, peptic ulcer disease, mild liver disease, diabetes mellitus, 
diabetes with end-organ damage, hemiplegia, moderate to severe renal disease, tumour, metastatic solid tumour), use of medications 
(nonsteroidal anti-inflammatory drug, corticosteroid, methotrexate, sulfasalazine, leflunomide, hydroxychloroquine, tumour necrosis 
factor inhibitor, rituximab, cyclophosphamide and other immunosuppressant including ciclosporin, azathioprine, mycophenolate mofetil/
mycophenolic acid) at baseline and time-averaged dose of medications during the follow-up periods.
†Conditional Cox regression analysis without adjusting variables which were not included in PSM.
aHR, adjusted HR; ILD, interstitial lung disease; IRR, incidence rate ratio; PSM, propensity score matching.
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DM and RA-ILD as well as the effect of RA treatments on 
RA-ILD progression and mortality.
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