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ABSTRACT Interstitial lung disease (ILD) is a common pulmonary manifestation of rheumatoid
arthritis. There is lack of clarity around predictors of mortality and disease behaviour over time in these
patients.

We identified rheumatoid arthritis-related interstitial lung disease (RA-ILD) patients evaluated at
National Jewish Health (Denver, CO, USA) from 1995 to 2013 whose baseline high-resolution computed
tomography (HRCT) scans showed either a nonspecific interstitial pneumonia (NSIP) or a “definite” or
“possible” usual interstitial pneumonia (UIP) pattern. We used univariate, multivariate and longitudinal
analytical methods to identify clinical predictors of mortality and to model disease behaviour over time.

The cohort included 137 subjects; 108 had UIP on HRCT (RA-UIP) and 29 had NSIP on HRCT
(RA-NSIP). Those with RA-UIP had a shorter survival time than those with RA-NSIP (log rank p=0.02).
In a model controlling for age, sex, smoking and HRCT pattern, a lower baseline % predicted forced vital
capacity (FVC % pred) (HR 1.46; p<0.0001) and a 10% decline in FVC % pred from baseline to any time
during follow up (HR 2.57; p<0.0001) were independently associated with an increased risk of death.

Data from this study suggest that in RA-ILD, disease progression and survival differ between subgroups
defined by HRCT pattern; however, when controlling for potentially influential variables, pulmonary
physiology, but not HRCT pattern, independently predicts mortality.
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Introduction
Rheumatoid arthritis is an autoimmune, inflammatory arthritis affecting 1% of the US population [1]. The
lungs are the most common site of extra-articular involvement. Though rheumatoid arthritis can affect all
compartments of the respiratory system (e.g. airways, pleura), its effects on the parenchyma result in the
greatest morbidity [2]. Rheumatoid arthritis-related interstitial lung disease (RA-ILD) is identified in up to
60% of patients with rheumatoid arthritis, with clinically significant disease occurring in 10% [3, 4].

The most common patterns of RA-ILD are usual interstitial pneumonia (UIP) and nonspecific pneumonia
(NSIP) [5]. Patients with clinically significant RA-ILD and a UIP pattern on either high-resolution
computed tomography (HRCT) or surgical pathology have a poor outcome, with survival estimates similar
to patients with idiopathic pulmonary fibrosis (IPF) [6–8]. Available data suggest that patients with
RA-NSIP have a more favourable prognosis than patients with RA-UIP [7].

A recently published expert review highlighted the paucity of quality data addressing predictors of
outcome or describing longitudinal disease behaviour in patients with RA-ILD [9]. We sought to examine
a group of patients with well-characterised RA-ILD to determine clinical predictors of mortality and to
assess whether disease progression differs for those with UIP versus those with NSIP on HRCT.

Methods
Sample
This study was conducted at National Jewish Health (NJH) (Denver, CO, USA), a multi-specialty tertiary
referral centre, and was approved by the NJH institutional review board (HS-2584). The NJH Research
Database was queried, and all patients evaluated between 1995 and 2013 who had a
rheumatologist-confirmed diagnosis of rheumatoid arthritis and HRCT evidence of ILD were considered
for inclusion (n=300). Patients with HRCT patterns other than UIP or NSIP, patients infected with
atypical mycobacteria or those without HRCT scans available for physical review were excluded (see
Figure S1 in the supplementary material for details). The first visit at NJH was used as their date of
diagnosis. The final cohort included 137 subjects.

Radiology
Each subject’s HRCT scan was independently reviewed by two expert thoracic radiologists ( J.H. Chung and
S.B. Hobbs) who were blinded to the subjects’ clinical status and demographics. All disagreements were
resolved through consensus. Scans were classified as showing a UIP (RA-UIP) or NSIP (RA-NSIP) pattern
(see supplementary material for details) and UIP was further classified by degree of confidence (“UIP” or
“possible UIP”). For the remainder of the manuscript, unless otherwise stated, RA-UIP refers to the
subgroup with either UIP or possible UIP on HRCT; RA-NSIP refers to the subgroup with NSIP on HRCT.

Data analysis
We generated summary statistics for baseline characteristics. p<0.05 was considered to represent statistical
significance for all analyses. SAS Version 9.3 (SAS Inc., Cary, NC) was used to perform all analyses.

Survival analyses
We used the Kaplan–Meier method to display and the log-rank test to compare survival curves for the
cohort stratified on HRCT pattern. We used Cox proportional hazards to examine HRCT pattern as a
predictor of time-to-death while controlling for potentially influential variables. In certain analyses, we
included a pulmonary physiology variable (e.g., forced vital capacity (FVC) % predicted or diffusing
capacity of the lung for carbon monoxide (DLCO) % predicted) as a time-varying covariate; this allowed us
to examine the effect of a 10-point drop in FVC % pred or DLCO % pred from baseline at any time during
follow-up (e.g. a fall in FVC % pred from 60% to 50%). For retrospective studies, in which pulmonary
physiology variables were obtained at the discretion of the treating physician and not at consistent time
intervals (e.g. 3 or 6 months), the least bias may be imposed, and case-wise deletion can be avoided, by
analysing variables as time-varying covariates. FVC % pred and DLCO % pred were strongly correlated
(r=0.7); so, to avoid issues with multi-collinearity, we did not include both in the same model. Instead, we
built multiple models that included one or the other and, because it has become the most widely used
physiologic outcome variable in other forms of pulmonary fibrosis, we chose to focus on FVC % pred.
The Akaike Information Criterion was used to compare fit between models with lower values connoting
better fit. Since including variables with substantial missing data can introduce significant bias, rheumatoid
factor and anti-cyclic citrullinated protein (anti-CCP) antibodies, which both had a substantial number of
missing values, were not included in multivariable models. Vital status was ascertained on July 31, 2015.
No subjects were transplanted, so subjects were censored on July 31, 2015 if their death could not be
confirmed in the Social Security Death Index. Three subjects without Social Security numbers were
censored at the time of their last recorded clinic visits.
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Disease behaviour over time
To analyse disease behaviour (i.e. FVC % pred or DLCO % pred) over time, we used linear mixed-effects
models, in which we allowed separate fits for subjects with UIP or NSIP. Each model included random
terms for intercept and slope (for time-from-diagnosis) to account for the data structure (repeated
measures over time within subject). In each model, the covariance for the repeated measures was left
unstructured, as this yielded the best fits.

Results
Baseline characteristics for the cohort are presented in table 1. The median time from HRCT to baseline
FVC % pred was 0.0 days (interquartile range −1–151) for subjects with RA-UIP and 0.0 days (interquartile
range −1–498) for subjects with RA-NSIP.

Survival
Over the follow-up period, 54 subjects died (47 (44%) RA-UIP versus seven (24%) RA-NSIP; Chi-squared
3.59, p=0.05), and medial survival for the cohort as a whole was 10.35 (95% CI 8.24–12.85) years. Subjects
with RA-UIP had worse survival than those with RA-NSIP (median survival 10.18 years versus 13.62 years;
log rank p=0.02) (figure 1).

TABLE 1 Baseline characteristics of the study sample

Variable All subjects RA-UIP RA-NSIP

Subjects n 137 108 29
Age years 64.7±10.6 66.0±9.1 60.1±14.3
Female n (%) 68 (50) 52 (48) 16 (55)
Smoking history
Available n 135 106 29
Ever smokers n (%) 87 (64) 73 (69) 14 (48)
Pack-years 31.8±23.1 33.6±24.1 (n=67) 20.0±11.5 (n=12)

Never smokers n (%) 48 (36) 33 (31) 15 (52)
Family history of RA
Available n 123 94 29
Family history of RA n (%) 29 (24) 23 (24) 6 (21)

Duration of RA preceding ILD years 12.9±12.2 11.9±11.3 16.6±14.4
RA medications
Methotrexate ever n (%) 89 (65) 67 (63) 22 (71)
Biologic agent ever n (%) 87 (64) 64 (60) 23 (74)

FVC
Available n 135 107 28
% pred 69.3±19.2 69.7±18.5 67.8±21.9

FEV1
Available n 134 106 28
% pred 72.7±20.1 73.5±19.5 69.4±22.1

DLCO
Available n 108 84 24
% pred 48.9±17.8 49.1±16.9 48.3±20.7

CPI
Available n 106 83 23
% pred 47.2±14.7 47.0±13.9 47.6±17.6

Anti-CCP antibodies
Available n 80 61 19
CCP >20 n (%) 66 (83) 50 (82) 16 (84)
CCP titre for CCP positive 140.5±87.1 143.6±85.1 130.5±95.0

RF
Available n 93 74 19
RF > 20 n (%) 78 (84) 64 (86) 14 (74)
RF titre for RF positive 907.1±1754.7 1054.0±1914.0 336.8±462.3

Died n (%) 54 (39) 47 (43.5) 7 (24)
Median (IQR) follow-up years 4.8 (2.5–7.8) 4.6 (2.4–7.7) 6.9 (4.1–8.1)

Data are presented as mean±SD, unless otherwise stated. RA: rheumatoid arthritis; UIP: usual interstitial
pneumonia; NSIP: nonspecific interstitial pneumonia; ILD: interstitial lung disease; FVC: forced vital capacity;
FEV1: forced expiratory volume in 1 s; DLCO: diffusing capacity of the lung for carbon monoxide; CPI: composite
physiologic index; CCP: cyclic citrullinated peptide; RF: rheumatoid factor; IQR: interquartile range.
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Age, smoking history, baseline HRCT pattern, FVC % pred, DLCO % pred, a composite physiological index
(CPI) and rheumatoid factor positivity were significant predictors of mortality in univariate time-to-death
analyses (table 2). Results for multivariate survival analyses are presented in table 3. While adjusting for age,
sex and smoking, HRCT pattern was not significantly associated with survival (Model 2). While controlling
for baseline and change over time in FVC % pred, HRCT pattern was not a significant predictor of
mortality (Model 4). In a model controlling for age, sex, smoking and both baseline FVC % pred and
change in FVC % pred over time, HRCT pattern was not a significant predictor of mortality (Model 5). In
that model, subjects with a 10% drop in FVC % pred at any point during follow up died at a rate 2.5-fold
greater than for subjects whose FVC % pred did not drop by 10% (HR 2.57; p<0.0001). A similar pattern
was seen when DLCO % pred replaced FVC % pred in the models; for example, in a model that included
HRCT pattern and both baseline and longitudinal change in DLCO % pred, subjects with a 10% drop in
DLCO % pred at any point during follow up died at a rate that was 1.3-fold greater than for subjects whose
DLCO % pred did not drop by 10% (HR 1.34; p=0.02). The interaction term (HRCT pattern×FVC % pred)
was not significant (HR 1.03; p=0.3) in a univariate analysis, so it was not included in multivariate models.

Disease behaviour over time
The slope of FVC % pred was different between RA-UIP and RA-NSIP subgroups (difference in slopes UIP-NSIP
−2.11% per year, 95% CI −4.16–−0.07; p=0.04) (figure 2a-c). The slope of FVC % pred for the RA-UIP
subgroup was −0.83% per year, 95% CI −1.79–0.13; p=0.09. The slope of DLCO % pred also differed between
subgroups (difference in slopes UIP-NSIP −3.10% per year, 95% CI −5.44 –−0.75; p=0.01) (figure 2d–f).
The slope of DLCO% for the RA-UIP subgroup was −0.53% per year, 95% CI −1.65–0.59; p=0.60.

FIGURE 1 Kaplan–Meier survival
curve for patients with a high
resolution computed tomography
pattern of usual interstitial
pneumonia (UIP) (any level of
confidence) and nonspecific
interstitial pneumonia (NSIP).
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TABLE 2 Univariate analyses for predictors of mortality

Variable HR (95% CI) p-value

Age, year increase over mean 64.7 1.05 (1.02–1.08) 0.001
Female sex 0.58 (0.34–1.02) 0.06
Ever-smoker 2.58 (1.36–4.90) 0.003
Family history of RA 1.25 (0.60–2.58) 0.55
Duration of RA 1.00 (0.97–1.02) 0.77
UIP on HRCT 2.44 (1.10–5.43) 0.02
FVC % pred, for 10% lower than mean 68.7% 1.16 (1.02–1.34) 0.02
FVC % pred, 10% decline any time after baseline 1.86 (1.26–2.75) 0.001
DLCO % pred, for 10% lower than mean 48.1% 1.424 (1.18–1.72) 0.0002
DLCO % pred, 10% decline any time after baseline 1.77 (1.23–2.54) 0.002
CPI 1.05 (1.03–1.08) <0.0001
CCP 1.00 (0.99–1.00) 0.61
RF 1.002 (1.000–1.003) 0.02

RA: rheumatoid arthritis; UIP: usual interstitial pneumonia; HRCT: high resolution computed tomography,
FVC: forced vital capacity; DLCO: diffusing capacity of the lung for carbon monoxide; CPI: composite
physiologic index; CCP: cyclic citrullinated peptide; RF: rheumatoid factor.
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TABLE 3 Multivariate models for predictors of mortality

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

Age, year increase over 64.7# 1.04 (1.01–1.07); p=0.04 1.04 (1.01–1.08); p=0.01 1.06 (1.03–1.10); p=0.0002 1.07 (1.03–1.11); p=0.0002 1.07 (1.03–1.11); p=0.0002 1.03 (0.99–1.06); p=0.15
Female 0.77 (0.42–1.39); p=0.38 0.92 (0.50–1.69); p=0.78 0.98 (0.52–1.82); p=0.94 0.96 (0.52–1.79); p=0.91 0.82 (0.44–1.52); p=0.52
Ever-smoker 2.03 (1.06–3.89); p=0.03 1.88 (0.96–3.69); p=0.07 2.05 (1.03–4.08); p=0.04 2.15 (1.08–4.31); p=0.02 2.19 (1.10–4.35); p=0.03 2.03 (0.99–4.19); p=0.05
UIP/HRCT 1.62 (0.72–3.65); p=0.24 1.62 (0.72–3.66); p=0.24 1.56 (0.69–3.53); p=0.28 2.14 (0.95–4.86); p=0.08 1.20 (0.52–2.74); p=0.67 1.18 (0.52–2.70); p=0.69
FVC % pred, 10% decline

from baseline
2.52 (1.78–3.58); p<0.0001 2.57 (1.79–3.70); p<0.0001 2.61 (1.82–3.72); p<0.0001

FVC % pred, 10% lower
than 68.7% at baseline¶

1.36 (1.16–1.60); p=0.0001 1.24 (1.07–1.44); p=0.004 1.46 (1.23–1.73); p<0.0001 1.46 (1.23–1.73); p<0.0001 2.33(1.65–3.28); p<0.0001

CPI 0.99 (0.99–1.00); p=0.75
AIC+ 432.663 433.894 420.582 411.524 395.869 394.061 385.811

Data are presented as hazard ratio (95% CI) and p-value. UIP: usual interstitial pneumonia; HRCT: high resolution computed tomography; FVC: forced vital capacity; CPI: composite
physiologic index; AIC: Akaike Information Criterion. #: age is centred on mean value for cohort; ¶: FVC % pred is centred on mean value for the cohort; +: Akaike Information Criterion:
lower values signify better model fit.
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Discussion
In this study of patients with well-defined RA-ILD, we calculated a median survival of 10.3 years for the
cohort as a whole and found a significant difference in survival between subjects with RA-UIP and those
with RA-NSIP. Like patients with idiopathic interstitial pneumonia [10], we observed that disease pattern,
pulmonary physiology and other variables predict survival. However, in multivariate analyses adjusting for
certain key clinical variables (including the confounder, smoking), both baseline and change over time in
pulmonary physiology were independent predictors of survival, while baseline HRCT pattern was not. This
suggests that RA-ILD patients with greater physiologic impairment (as defined by FVC % pred, DLCO %
pred or CPI), and those with evidence of disease progression over time (as defined by decline in FVC %
pred or DLCO % pred) are at increased risk of death, independent of their chest imaging pattern. A similar
pattern of results has been seen before. SONG et al. [11] found that the progression over time in patients
with RA-UIP was variable and depended on age as well as baseline and serial physiology. BOUROS et al.
[12] observed similar results in patients with another autoimmune disease: systemic sclerosis-related ILD.

ILD is a common manifestation of rheumatoid arthritis, with a prognosis that is generally, but not
universally, poor [13]. With 1% of the US population affected by rheumatoid arthritis, and an estimated
7% of all deaths in rheumatoid arthritis related to ILD, ILD is not a trivial concern for rheumatoid
arthritis patients and the practitioners caring for them [3]. The ability to accurately predict outcome in
patients with RA-ILD is important, as such knowledge empowers patients and informs discussions
between patients and clinicians around treatment decisions, including referral for transplant evaluation.
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FIGURE 2 a–c) Forced vital capacity (FVC) % predicted over time by high-resolution computed (HRCT) tomography. pattern. d–f ) Diffusing capacity
of the lung for carbon monoxide (DLCO) % pred over time by HRCT pattern. RA: rheumatoid arthritis; UIP: usual interstitial pneumonia; NSIP:
nonspecific interstitial pneumonia.
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With all available data arising from observational cohort studies [9], confidence in which clinical variables
are associated with outcome in RA-ILD could be improved.

In one single-centre study, the median survival after RA-ILD diagnosis was 2.6 years [14]. In another
observational study, PARK et al. [7] calculated a median survival of 7.25 years for 18 subjects with RA-UIP,
whose survival was worse than for subjects with RA-NSIP; however, the value did not reach statistical
significance (HR for RA-UIP=18.95, p=0.08). And because of too few events, the median survival for
RA-NSIP could not be calculated. Multivariate analyses adjusting for potentially influential predictors of
survival were not performed on data from this small subgroup.

Other investigators have observed that age, a rheumatoid arthritis disease activity score [13, 15], UIP-pattern
on HRCT, DLCO % pred at presentation and sex (female protective) [6, 15] were significant predictors of
mortality. The current study builds on past work from our group: in a prior study, we examined clinical
predictors of outcome in RA-ILD defined by lung biopsy and found that age and the presence of any fibrosis
on biopsy (UIP, fibrotic NSIP, or unclassifiable fibrosing ILD) predicted mortality [8]. Given the sample size,
we did not examine mortality between subjects with UIP and NSIP; however, neither baseline FVC % pred
nor DLCO % pred were independent predictors of outcome in a model that included the dichotomous
variable presence/absence of fibrosis on surgical pathology. In that study, we did not examine the influence
of changes in pulmonary physiology over time.

Tobacco exposure plays a major role in the development of anti-CCP positive rheumatoid arthritis and
RA-ILD [16–18]. Smokers are more likely to have citrullinated proteins in lung lavage [19], and they have
increased rheumatoid arthritis disease activity [20]. As reported by other investigators, in our cohort,
smoking was associated with a UIP pattern on HRCT. GILES et al. [21] demonstrated that, compared with
non-smokers, smokers with rheumatoid arthritis had higher numbers of circulating anti-citrullinated
protein antibodies and were more likely to have a UIP pattern on HRCT. In most of our multivariate
models, smoking conferred a poorer prognosis. This may be related to its ill effects on cardiovascular
health in a population already at heightened risk for cardiovascular-related death [22]; however, given
emerging data linking cigarette smoking with protein citrullination and the development of rheumatoid
arthritis, the effects may not be so straightforward.

In IPF, clinical predictors of mortality are well-known, baseline age [10, 23], pulmonary physiology (FVC
% pred, DLCO % pred, CPI) [23–25], chest imaging features (extent of reticulation and honeycombing)
[26], bronchoalveolar lavage neutrophilia [27], B-type natriuretic peptide level [28], delayed access to a
tertiary referral centre [29] and distance covered during a timed walk test (6-min walking distance
(6MWD)) [30, 31], while change over time in FVC % pred, DLCO % pred [32, 33], dyspnoea score [33]
and 6MWD [31, 34] are all associated with mortality.

Much less is known about prognostic markers for RA-ILD. Although data are emerging, the variable
course of IPF has made deriving reliable predictions of IPF behaviour over time for individual patients (as
measured by pulmonary physiology) quite challenging. There is a paucity of published data on RA-ILD
behaviour over time. Our group recently published results of a retrospective study of patients from a
variety of clinical contexts with surgical lung biopsy-proven UIP; thus, no patients with NSIP were
included [35]. For the 13 subjects with RA-UIP in that study (three of whom were included in the current
study), slopes for both FVC % pred and DLCO % pred showed decline over time, similar to the cohort in
the current study. Data from the current study show the significant difference in disease behaviour over
time for patients with RA-UIP versus those with RA-NSIP.

To make the results of this study clinically relevant, we elected to use HRCT pattern as the main effect
variable. Few patients with RA-ILD currently undergo surgical lung biopsy, and HRCT is used primarily to
identify the presence of ILD and describe its pattern. ASSAYAG et al. [36] found that in RA-ILD, UIP was the
dominant histological pattern among patients with rheumatoid arthritis, and UIP on HRCT was 96%
specific but only 45% sensitive (with a 53% negative predictive value) for UIP on surgical biopsy; thus, as is
the case for patients presenting with an idiopathic interstitial pneumonia, many of the subjects with
RA-NSIP in the current study could have had UIP histologic pattern on surgical lung biopsy if one had been
done. The key points are these: 1) knowing the HRCT pattern (regardless of the underlying histological
pattern) yields important prognostic information; but 2) independent of HRCT pattern (UIP versus NSIP),
baseline and change over time in pulmonary physiology variables are strongly associated with prognosis.

There are limitations to this study. All subjects were seen at a tertiary referral centre, thus potentially
introducing referral bias and detracting from our ability to generalise these results to the larger rheumatoid
arthritis community. All of our subjects had clinically significant ILD with respiratory symptoms,
precluding the application of these data to patients with asymptomatic disease (e.g. those with ILD
incidentally discovered on chest imaging). With only seven deaths among only 29 subjects in the RA-NSIP
group, multivariate survival models (at least the HRCT pattern variable) should be interpreted with
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caution. In certain models, there was a trend toward statistical significance for the HRCT, thus suggesting
that if we were able to include a greater number of subjects (and deaths), HRCT pattern would reach
statistical significance. We were unable to systematically examine variables (e.g. 6MWD, the presence of
pulmonary hypertension, the severity of rheumatoid arthritis joint disease, medication use or serum
biomarkers (e.g. rheumatoid factor and anti-CCP)) that may be associated with mortality or disease
progression in patients with RA-ILD. Although mixed-effects models are capable of handling certain types
of missing data in an unbiased fashion, survivorship bias unavoidably influences longitudinal models:
subjects who survive longest contribute more data.

In summary, we identified several clinical predictors of mortality in patients with RA-ILD, including age,
HRCT pattern, smoking history and pulmonary physiology. Multivariate survival analysis revealed that
baseline and longitudinal changes in physiology were independent predictors of mortality, but in many
models in which we controlled for potentially influential variables, baseline HRCT pattern was not. Slopes
for both FVC % pred and DLCO % pred in patients with RA-UIP were significantly different from patients
with RA-NSIP. This information adds to the emerging pool of data on survival and longitudinal disease
behaviour in patients with RA-ILD. Our hope is that it can be used to help patients plan for the future,
assist clinicians with making decisions around transplant referral and aid investigators as they select
clinical endpoints in future interventional treatment trials.
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