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Abstract
Objectives: To explore the course of lung function and RA disease activity and predictive factors for deteriorating lung function in patients with
RA-interstitial lung disease (ILD).

Methods: The Korean Rheumatoid Arthritis–Interstitial Lung Disease cohort is a multicentre, prospective observational cohort. Patients with
RA-ILD were enrolled and followed up annually for 3 years for RA disease activity and ILD status assessment. Group-based modelling was used
to cluster a similar predicted percentage of forced vital capacity (FVC%) patterns into trajectories.

Results: This study included 140 patients who underwent at least two pulmonary function tests. Four distinctive trajectories for predicted FVC%
were ‘improving’ [n¼11 (7.9%)], ‘stable’ [n¼68 (38.4%)], ‘slowly declining’ [n¼54 (48.6%)] and ‘rapidly declining’ [n¼7 (5.0%)]. Most (77.7%)
patients maintained or improved to low RA disease activity. The lung function trajectory was not comparable to the RA disease activity trajectory.
Age �70 years [relative risk (RR) 10.8 (95% CI 1.30, 89.71)] and early RA diagnosed within the preceding 2 years [RR 10.1 (95% CI 1.22, 84.2)]
were associated with increased risk for rapidly declining predicted FVC%. The risk for deterioration or mortality increased in patients with a simul-
taneous diagnosis of RA and ILD within 24weeks [RR 9.18 (95% CI 2.05, 41.0)] and the extent of lung involvement [RR 3.28 (95% CI 1.12,
9.60)].

Conclusion: Most patients with RA-ILD experienced stable or slowly declining lung function. In 5% of patients, predicted FVC% deteriorated
rapidly, especially in older adults with early RA. The lung function trajectory was not comparable to the RA disease activity trajectory.
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Introduction

Interstitial lung disease (ILD) is not uncommon in patients
with RA. One in six to ten patients with RA is diagnosed with
clinically symptomatic ILD [1–3]. Patients with RA are less
active than healthy adults, thus an additional 20–50% of
patients may have interstitial lung abnormalities without re-
spiratory symptoms [4–6]. The mortality rate is 2–10 times
higher in patients with RA-ILD than in patients with RA with-
out ILD [3, 4, 7–12]. Patient-specific (age and sex) and ILD-
specific factors (pulmonary function and extent or pattern of fi-
brosis) may predominantly influence mortality [2, 9, 10, 13–18].
Baseline pulmonary function impairment is an independent
risk factor for mortality in RA-ILD [10]. Active RA was asso-
ciated with an increased risk of RA-ILD [13] and was also an
independent predictor of mortality in RA-ILD [15].

Most previous studies of RA-ILD were conducted in retro-
spective settings and lung-related items were not measured re-
peatedly at regular intervals, therefore the study outcome
could not focus on worsening but focussed on mortality alone
[19]. Risk factors were measured once at baseline in these
mortality-related studies. Moreover, definitions of ILD were
inconsistent; RA was diagnosed based on the 1987 ACR crite-
ria and RA disease activity was not assessed simultaneously
[11–16]. Thus we aimed to explore the course of lung

function and RA disease activity and the predictive factors for
deteriorating lung function using a prospective cohort.

Methods
Study design

The KOrean Rheumatoid Arthritis–Interstitial Lung Disease
(KORAIL) cohort is a multicentre, prospective, observational
cohort study conducted to assess the course of RA-ILD.
This study was approved by the ethical committees of each
participating centre (Supplementary Table S1, available at
Rheumatology online). All patients provided written informed
consent. All procedures followed the ethical standards out-
lined in the Declaration of Helsinki and Good Clinical
Practice guidelines.

Patient recruitment

Patients �18 years of age who regularly attended an outpa-
tient rheumatology clinic were recruited and enrolled if they
had been diagnosed with RA using the 2010 ACR/EULAR
RA classification criteria [20] and diagnosed with ILD via
chest CT scan, regardless of respiratory symptoms [20, 21].
The chest CT patterns were determined by radiologists at
each centre and further confirmed by two expert radiologists
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who were blinded to the patients’ clinical status and demo-
graphics. The chest CT patterns were classified using the
2018 clinical recommendations for diagnosing idiopathic pul-
monary fibrosis (IPF) [22]. Patient recruitment began in
January 2015 and ended in December 2018. The enrolled
patients were followed up yearly for 3 years.

Data collection

Data on body weight, height and smoking history were col-
lected annually. To assess the course of ILD, we evaluated
pulmonary function tests (PFTs), including forced vital capac-
ity (FVC) and diffusion capacity for carbon monoxide
(DLCO), chest X-ray and chest CT annually. To assess RA
disease activity, we evaluated radiographs of the hands and
feet; 28-joint DAS (DAS28) score, including 28-joint swollen
joint counts (SJC28) and tender joint counts (TJC28); patient
global assessment scores; ESR; CRP level and HAQ Disability
Index scores. The treating rheumatologist assessed the swol-
len and tender joints. We surveyed current or previous medi-
cations for RA treatment, including steroids and any
DMARDs.

Definition of early RA and long-standing RA

Patients with early RA were diagnosed with RA within 2 years
before enrolment and patients with long-standing RA were di-
agnosed with RA �5 years before enrolment.

Definition of ILD progression based on PFT findings

ILD progression was defined as a decline in FVC of �10% or
a decline in FVC of 5–10% with a decline in DLCO of 15%,
based on the definition used in a previous study [23].

Statistical analyses

A group-based trajectory model approach was adopted us-
ing the trajectory procedure (Proc TRAJ) of SAS software
version 9.4 (SAS Institute, Cary, NC) to determine lung
function and RA disease activity trajectories over 3 years
and categorize patients into the relevant trajectory groups
[24, 25]. Briefly, this approach involved application of a fi-
nite mixture model, wherein the longitudinal lung function
and RA disease activity data were fitted and grouped using a
maximum likelihood method as a mixture of multiple latent
trajectories in a censored normal model with a polynomial
function of time [26].

The optimal number of groups was determined using the
Bayesian information criterion comparing the 2D Bayesian in-
formation criterion between each number of groups and poly-
nomial orders for time function. Each group was named
according to the visual description of the trajectory.

Group-wise characteristics are presented as mean (S.D.) or
median [interquartile range (IQR)] for continuous variables
and frequencies (percentages) for categorical variables. Data
were compared using the v2 test, Fisher’s exact test, analysis
of variance or Kruskal�Wallis test, as appropriate. Poisson
regression was applied to calculate the relative risks (RRs)
and their 95% CIs for FVC deterioration. A univariate analy-
sis was performed to determine prognostic factors associated
with deterioration.

The linear mixed-effects model was used to estimate each
patient’s annual FVC change rate. The intercept and slope
were fitted as random effects to address the interpatient differ-
ences at baseline and different rates of FVC change during the
follow-up period. All statistical analyses were conducted

using SAS software version 9.4. P-values <0.05 were consid-
ered statistically significant.

Results
Baseline patients’ characteristics

Among all KORAIL cohort patients (n¼ 168), 140 patients
with at least two PFT results were included. Overall, 12
(8.6%) patients died before October 2021: 3 patients died be-
tween the 1- and 2-year follow-ups, 6 patients between the
2- and 3-year follow-ups and 3 patients after the 3-year follow-
up. Supplementary Table S2 (available at Rheumatology on-
line) presents the patients’ clinical information.

Overall, 69% of patients were female. The mean age at en-
rolment was 66.5 years (S.D. 13.9). The patients’ mean follow-
up duration was 2.8 years (S.D. 0.6). Fifty (35.7%) patients
were �70 years. Thirty-seven (26.4%) patients were ever-
smokers. The mean RA duration was 7.9 (8.4) years. Forty-
five (32.1%) patients had early RA and 77 (55.0%) patients
had long-standing RA. The mean ILD duration was 7.8 years
(S.D. 8.4). Fifty-one (36.4%) patients were diagnosed with RA
and ILD simultaneously within 24 weeks.

Overall, 138 (98.6%) patients showed positive findings for
either RF or anti-CCP antibodies. Only 2 (1.4%) patients
showed negative findings for both RF and anti-CCP antibod-
ies, whereas 119 (85.0%) patients showed positive findings
for both. Most of the anti-CCP antibody-positive patients
[50.0% (n¼ 70)] exhibited a high titre (�200 IU/ml).

Eighty-four patients (61.7%) exhibited definite usual inter-
stitial pneumonia (UIP) or probable UIP on chest CT scans.

Trajectory of RA disease activity over 3 years

The mean DAS28-ESR and DAS28-CRP were 4.0 (S.D. 1.4)
and 3.1 (S.D. 1.4), respectively (Table 1). The proportion of
patients in remission increased during the study period, based
on the DAS28-ESR (from 20.0 to 29.8%) or DAS28-CRP
(from 40.7 to 51.9%) (Supplementary Fig. S1, available at
Rheumatology online).

Among 140 patients included in PFT trajectory analysis,
134 had at least two DAS28 evaluations. Four distinctive tra-
jectories were identified for RA disease activity (Fig. 1A and
B). Overall, 108 (80.6%) patients exhibited maintenance or
improved to low disease activity and 21 (15.7%) patients
exhibited worsening disease activity, based on DAS28-ESR.
The course of disease activity was similar based on DAS28-
CRP. Clinical characteristics according of RA disease activity
trajectory groups based on the DAS28-ESR are shown in
Supplementary Table S3, available at Rheumatology online.

PFT at baseline and during 3-year follow-up

Forty-seven (33.5%) patients showed a predicted percentage
of FVC (FVC%) <80%. Only two patients had a predicted
FVC% <50% at baseline. Seventy-six (54.3%) patients had a
predicted percentage DLCO (DLCO%) <75%. The mean an-
nual rate of decline in FVC over 3 years was �41.6 ml/year
(95% CI �50.6, �32.5). Eighty-nine (63.6%) patients experi-
enced ILD progression during the 3-year follow-up period.
Table 2 summarizes these data.

Trajectory of lung function over 3 years

The four distinctive trajectories for change in predicted
FVC% over 3 years (Fig. 2A) were ‘persistently improving’
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[n¼ 11 (7.9%)], ‘stable’ [n¼ 68 (38.4%)], ‘slowly declining’
[n¼ 54 (48.6%)] and ‘rapidly declining’ [n¼ 7 (5.0%)]. The
mean age at enrolment was the highest [73.0 years (S.D. 7.2)]
and the duration of RA and ILD was the shortest in the rap-
idly declining predicted FVC% group [mean 2.1 (S.D. 3.8) and
1.9 (S.D. 3.8), respectively]. In the rapidly declining predicted
FVC% trajectory group, six (85.7%) of seven patients had
early RA and five patients were diagnosed with RA and ILD
within 24 weeks. Supplementary Table S4 (available at
Rheumatology online) summarizes the demographic charac-
teristics and baseline RA disease activity. Between-group dif-
ferences were not significant in high-resolution CT (HRCT)
patterns (Supplementary Fig. S2, available at Rheumatology
online).

In the rapidly declining predicted FVC% trajectory group,
the mean annual rate of change in FVC was as fast as
�139.6 ml/year (95% CI �198.0, �81.2; Fig. 2B). All

patients in the rapidly declining group and 98.1% of patients
in the slowly progressive declining group experienced ILD
progression during the follow-up period (Table 2). The pro-
portion of patients experiencing a significant decline in pre-
dicted FVC% or diffusing capacity was comparable among
the four trajectory groups, based on DAS28-ESR and DAS28-
CRP (Fig. 2B–D).

Relationship between RA disease activity and FVC

trajectories over 3 years

Most patients exhibited a stable or slowly declining predicted
FVC% trajectory, regardless of the RA disease activity trajec-
tory (Table 3). Similarly, most patients with stable or slow de-
clining predicted FVC% trajectory maintained or improved to
low RA disease activity over 3 years. The annual rate of
change in FVC (mL) and the proportion of patients experienc-
ing a significant decline in predicted FVC% or diffusing ca-
pacity were comparable among the four trajectory groups,
based on DAS28-ESR and DAS28-CRP (Fig. 1B–D).

Factors associated with rapidly declining predicted

FVC%

The risk for rapidly declining predicted FVC% trajectory in-
creased by 72% for each 5 year increment in age [RR 1.72
(95% CI 1.04, 2.83)]. The risk was 10.8 times higher in
patients �70 years of age [RR 10.8 (95% CI 1.34, 87.2)] and
12.7 times higher in patients with early RA [RR 12.7 (95%
CI 1.52, 105.21)]. Previous glucocorticoid use before enrol-
ment was associated with a lower risk [RR 0.18 (95% CI
0.04, 0.82)], but the dose (mean �5 mg/day of prednisolone)
was not associated with risk [RR 0.87 (95% CI 0.17, 4.50)]
(Table 4).

Factors associated with rapidly declining predicted

FVC% or all-cause mortality

Twelve patients died during the study period and within
1 year after the study period, four patients had a rapidly de-
clining predicted FVC% trajectory, five had a slowly declining
trajectory and three had a stable trajectory. The risk for the
rapidly declining predicted FVC% trajectory or mortality in-
creased by 54% for each 5 year increment [RR 1.54 (95% CI
1.10, 2.16)]. The risk was 3.6 times higher in patients
�70 years of age [RR 3.60 (95% CI 1.23, 10.53)]. Patients
with long-standing RA had a lower risk up to 85% [RR 0.15
(95% CI 0.04, 0.52)] than patients with early RA. The risk
for a rapidly declining predicted FVC% trajectory or mortal-
ity was as high as 9.2 times in patients diagnosed with RA
and ILD simultaneously within 24 weeks compared with that
in patients diagnosed with RA before being diagnosed with
ILD [RR 9.18 (95% CI 2.05, 41.0)]. Extensive involvement of
ILD in >10% of the lung, based on CT imaging, increased
the risk by 3.28 times [RR 3.28 (95% CI 1.12, 9.60)].
Patients who had never used methotrexate had 8.1 times
higher risk than those who had ever used methotrexate [RR
8.07 (95% CI 1.82, 35.77)]. Previous use of glucocorticoid
before enrolment was associated with a lower risk [RR 0.28
(95% CI 0.09, 0.81)], however, the dose (mean �5 mg/day of
prednisolone) was not associated with risk [RR 1.09 (95% CI
0.37, 3.19)] (Table 4).

Table 1. Baseline characteristics of the entire cohort

Characteristics Values

Patients, N 140
Age at enrolment, years, mean (S.D.) 66.5 (8.1)
>65 years, n (%) 83 (59.3)
>70 years, n (%) 50 (35.7)
>75 years, n (%) 21 (15.0)

Male, n (%) 44 (31.4)
BMI, kg/m2, mean (S.D.) 23.9 (3.1)
Smoking, n (%)

Never 102 (72.9)
Ex-smoker 23 (16.4)

Pack-years, median (range, IQR) 30.0 (10.0–50.0, 10.0)
Current smoker 14 (10.0)

Pack-years, median (range, IQR) 22.0 (1.0�55.0, 14.0)
Unknown 1 (0.7)

RF positive, n (%) 124 (88.6)
Anti-CCP positive, n (%) 133 (95.0)
�200 IU/mL 70 (50.0)
RA duration, years, mean (S.D.) 7.9 (8.4)

Early RA (<2 years of diagnosis), n (%) 45 (32.1)
Duration �2–<5 years of diagnosis, n (%) 18 (12.9)
Long-standing RA (�5 years of

diagnosis), n (%)
77 (55.0)

ILD duration, years, mean (S.D.) 7.8 (8.4)
Interval between RA diagnosis and ILD, n (%)

RA before ILD at least 24 weeks 78 (55.7)
Simultaneously (within 24 weeks) 51 (36.4)
ILD before RA at least 24 weeks 11(7.9)

RA disease activity (baseline), mean (S.D.)
Tender joint count 3.3 (4.8)
Swollen joint count 2.6 (3.4)
Patient’s global assessment 35.7 (26.4)
ESR 39.5 (26.4)
CRP 9.3 (14.4)
DAS28-ESR 4.0 (1.4)

HRCT characters at baseline, n (%)
HRCT patterns

UIP 43 (31.6)
Probable UIP 41 (30.1)
Indeterminate UIP 35 (25.7)
Non-specific interstitial pneumonia 14 (10.3)
COP/BOOP 3 (2.2)

RA medication until enrolment, n (%)
Methotrexate 77 (55.0)
Glucocorticoid 123 (87.9)
Cumulative dose, mean (S.D.) 2.8 (1.1)

BOOP: bronchiolitis obliterans organizing pneumonia; COP: cryptogenic
organizing pneumonia.
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Figure 1. The trajectory for RA disease activity using the DAS28-ESR and pulmonary function characteristics. (A) Distinctive four-group trajectory model

for DAS28-ESR. (B) The annual rate of change in FVC (mL) according to the DAS28-ESR trajectories. (C) The proportion of patients who experienced

�10% decline in the predicted FVC% from baseline (green), �5% or <10% decline in the predicted FVC% from baseline and �15% decline in the

predicted DLCO% from baseline (yellow) and progression (red) according to the DAS28-ESR trajectories
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Table 2. Lung physiology according to trajectory group of the predicted FVC%

Characteristics Total Persistently improving Stable Slowly declining Rapidly declining P-value

N 140 11 68 54 7
FVC

Baseline
FVC (mL), mean (S.D.) 2517.2 (756.3) 2292.7 (490.8) 2502.9 (817.4) 2565.7 (745.4) 2634.3 (590.4) 0.71
Predicted FVC%, mean (S.D.) 84.7 (16.6) 84.0 (13.9) 81.6 (16.4) 88.0 (16.7) 89.0 (19.9) 0.17

Annual rate of change in FVC (mL), mean (95% CI) �41.6 (�50.6, �32.5) 26.8 (�1.8, �55.3) �23.4 (�30.3, �16.5) �65.7 (�79.8, �51.6) �139.6 (�198.0, �81.2) <0.01
Change of relative FVC from baseline (predicted FVC%), n (%)
�10-point decline 38 (27.1) 0 (0.0) 0 (0.0) 31 (57.4) 7 (100.0) <0.01
Relative �5% decline 70 (50.0) 0 (0.0) 13 (19.1) 50 (92.6) 7 (100.0) <0.01
Relative �10% decline 43 (30.7) 0 (0.0) 1 (1.5) 35 (64.8) 7 (100.0) <0.01

Change of absolute FVC from baseline (FVC in mL), n (%)
Relative �5% decline 77 (55.0) 2 (18.2) 19 (27.9) 49 (90.7) 7 (100.0) <0.01
Relative �10% decline 52 (37.1) 1 (9.1) 6 (8.8) 38 (70.4) 7 (100.0) <0.01

Diffusing capacity
N 137 11.0000 67 52 7

Predicted DLCO% (baseline), mean (S.D.) 71.6 (20.4) 71.0 (20.2) 69.9 (20.7) 72.5 (20.7) 81.3 (16.4) 0.55
Annual rate of change in predicted DLCO% �1.48 (�1.78, �1.19) �0.70 (�2.09, �0.69) �1.13 (�1.51, �0.76) �1.94 (�2.44, �1.44) �2.62 (�4.39, �0.84) <0.01

Relative �15% decline, n (%) 58 (42.3) 4 (36.4) 17 (25.4) 31 (59.6) 6 (85.7) <0.01
Progression, n (%)

A. Relative �10% decline in predicted FVC% 43 (30.7) 0 (0.0) 1 (1.5) 35 (64.8) 7 (100.0) <0.01
B. Relative �5% (<10% decline in predicted FVC%þ�15%

decline in predicted DLCO%
77 (55.0) 4 (36.4) 25 (36.8) 42 (77.8) 6 (85.7) <0.01

Progression (AþB) 89 (63.6) 4 (36.4) 25 (36.8) 53 (98.1) 7 (100.0) <0.01
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Figure 2. The trajectory for the predicted FVC% and pulmonary function characteristics. (A) A distinctive four-group trajectory model for predicted FVC%.

(B) The annual rate of change in FVC (mL) according to the predicted FVC% trajectories. (C) The proportion of patients who experienced a �10% decline

in predicted FVC% from baseline according to the FVC trajectories. (D) The proportion of patients who experienced a �15% decline in the predicted

DLCO% from baseline according to the FVC trajectories
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Discussion

This study analysed the lung function trajectory over 3 years,
the effect of RA disease activity on the lung function trajec-
tory and the risk factors associated with lung function

deterioration using prospective cohort data. Lung function
deteriorated rapidly in 5% of patients. Older age and early
RA (i.e. �2 years of RA diagnosis) significantly increased the
risk of deterioration. Nine patients died during the study

Table 3. Distribution of patients according to trajectory over 3 years

Trajectory group of predicted FVC% Trajectory group of DAS28-ESR

Maintaining LDA Improving Worsening Persistently HDA

Persistently improving, n (%) 3 (5.4) 3 (5.8) 4 (19.0) 0 (0.0)
Stable, n (%) 31 (55.4) 23 (44.2) 10 (47.6) 3 (60.0)
Slowly declining, n (%) 21 (37.5) 25 (48.1) 5 (23.8) 1 (20.0)
Rapidly declining, n (%) 1 (1.8) 1 (1.9) 2 (9.5) 1 (20.0)
Total, n (%) 56 (100) 52 (100) 21 (100) 5 (100)

HDA: high disease activity; LDA: low disease activity.
P¼ 0.1137 by Fisher’s exact test.

Table 4. RR of the trajectory group of rapidly declining predicted FVC%a

Variables Predicted FVC% trajectory,

rapidly declining (n¼7)

Predicted FVC% trajectory,

rapidly decliningþmortality (n¼15)

RR (95% CI) P-value RR (95% CI) P-value

Age (for every 5 years of age) 1.72 (1.04, 2.83) 0.03 1.54 (1.10, 2.16) 0.01
�70, n (%) 10.80 (1.30, 89.71) 0.03 3.60 (1.23, 10.53) 0.02
�75, n (%) 4.25 (0.95, 18.99) 0.06 2.83 (0.97, 8.29) 0.06

Male 2.91 (0.65, 13.00) 0.16
BMI
<18.5 (underweight) 1 (Ref) 1 (Ref)
18.5–24.9 (normal) 0.43 (0.05, 3.70) 0.44 0.35 (0.07, 1.63) 0.18
25–29.9 (overweight) 0.15 (0.01, 2.38) 0.18 0.37 (0.07, 1.92) 0.24
>30 (obese) NA NA

Ever smoker 2.01 (0.45, �8.99) 0.36 1.86 (0.66, 5.21) 0.24
RA disease duration (years)
<2 1 (Ref) 1 (Ref)
�2–<5 NA NA
�5 0.10 (0.01, 0.82) 0.03 0.15 (0.04, 0.52) <0.01

Interval between diagnosis of RA and ILD
Diagnosis of RA prior to ILD at least 24 weeks 1 (Ref) 1 (Ref)
Diagnosis of RA and ILD simultaneous within 24 weeks 7.65 (0.89, 65.45) 0.06 9.18 (2.05, 41.00) 0.04
Diagnosis of ILD prior to RA at least 24 weeks 7.09 (0.44, 113.37) 0.17 3.55 (0.32, 39.10) 0.30

High titre of anti-CCP (�200 IU) 1.68 (0.31, 9.18) 0.55 1.89 (0.58, 6.14) 0.29
RA disease activity trajectory by DAS28-ESR

Maintaining low disease activity 1 (Ref) 1 (Ref)
Improving disease activity 0.74 (0.07, 8.13) 0.80 0.49 (0.05, 4.72) 0.54
Worsening disease activity 0.45 (0.06, 3.21) 0.43 1.05 (0.27, 4.08) 0.94
Persistently high disease activity 0.90 (0.13, 6.41) 0.92 1.20 (0.27, 5.38) 0.81

RA disease activity transition (by DAS28-CRP)
Maintaining low disease activity 1 (Ref) 1 (Ref)
Improving disease activity NA 1.06 (0.21, 5.23) 0.95
Worsening disease activity 0.28 (0.03, 2.50) 0.25 0.75 (0.21, 2.64) 0.65
Persistently high disease activity 2.04 (0.37, 11.11) 0.41 2.04 (0.51, 8.14) 0.31

HRCT patterns at baseline
UIP patterns 1.67 (0.32, 8.59) 0.54 2.67 (0.75, 9.45) 0.13
UIP or probable UIP 1.69 (0.38, 7.56) 0.49 1.13 (0.39, 3.30) 0.83
NSIP/COP/BOOP 0.79 (0.15, 4.08) 0.78 1.73 (0.63, 4.77) 0.29

HRCT extent at baseline
CT extent >10% 4.10 (0.80, 21.15) 0.09 3.28 (1.12, 9.60) 0.03

RA medication until enrolment
Methotrexate, ever (until enrolment)
Yes 1 (Ref) 1 (Ref)
No 7.45 (0.90, 61.89) 0.06 8.07 (1.82, 35.77) <0.01
Glucocorticoid use 0.18 (0.04, 0.82) 0.03 0.28 (0.09, 0.81) 0.02
Glucocorticoid dose with cumulative dose �5.0 mg/day 0.87 (0.17, 4.50) 0.87 1.09 (0.37, 3.19) 0.87
Glucocorticoid dose with cumulative dose �7.5 mg/day NA 2.67 (0.75, 9.45) 0.13

a The RR was calculated by univariate analysis because of a relatively small sample size.
BOOP: bronchiolitis obliterans organizing pneumonia; COP: cryptogenic organizing pneumonia; NA: not available.
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period and three died within 1 year after the study period.
Four of seven patients in the rapidly progressive predicted
FVC% trajectory group died. Older age, extensive lung in-
volvement and no use of methotrexate increased the mortality
risk, whereas longer RA disease duration, simultaneous diag-
nosis of RA and ILD and previous glucocorticoid use reduced
the risk.

Several studies [10, 13, 19, 27, 28] report the natural
course of RA-ILD with regard to pulmonary physiology.
Among 84 patients with RA-UIP [19, 27], 50% were stable,
one-third progressed, 17% experienced acute exacerbation
and 6% improved. Among 167 patients in the retrospective
Mayo Clinic Cohort study [19], one-third of patients required
supplemental oxygen, 40% developed a predicted DLCO%
<40% and 22% developed a predicted FVC% <50% within
5 years after ILD diagnosis. Solomon et al. [10] reported that
the slopes for both predicted FVC% and predicted DLCO%
declined over time, and the HRCT patterns differed signifi-
cantly. They demonstrated that pulmonary physiology pre-
dicts mortality, independent of HRCT patterns. Another
retrospective study [28] revealed that ILD progressed in
55.1% (102/185) of patients, with progression defined as a
combination of PFT and HRCT score worsening or clinical
worsening. Untreated non-IPF ILD patients with progressive
fibrosing phenotypes (14.2% had RA-ILD) experienced lung
function decline that was as rapid as that of patients with
untreated IPF [29, 30].

Herein, most patients showed stable or slowly declining
predicted FVC% trajectories. Discrepancies among studies,
including this study, might be due to the following reasons.
First, ILD was less severe in our cohort of patients than in
patients enrolled in other studies. The mean predicted FVC%
of the entire cohort was >80% and 62.1% (82/140) showed
�10% lung involvement on chest CT scans at enrolment. Our
cohort was recruited from patients treated at rheumatology
clinics, hence they had less severe conditions than patients
treated by pulmonologists. Second, more patients with early
RA were possibly included in our study. Our cohort recruit-
ment started in January 2015, and 32.1% of patients had
early RA and were diagnosed with RA within 2 years.
Therefore a greater proportion of patients were diagnosed us-
ing the 2010 criteria that were established to diagnose early
RA. However, patients were diagnosed using the 1987 criteria
in almost all other studies [1, 2, 9, 10, 16, 28]. Of note, mor-
tality occurred even if a patient exhibited a stable or slowly
declining lung function trajectory. No patient with an improv-
ing predicted FVC% trajectory died during the study period
or 1 year after the study period.

Previous use of glucocorticoids before enrolment decreased
the risk of rapidly declining lung function in this study.
However, the mean cumulative glucocorticoid dose of
patients in the rapidly declining predicted FVC% trajectory
group was low [2.8 mg/day (S.D. 1.1)] and the use of cumula-
tive glucocorticoid dose of 5.0 mg/day was not associated
with the risk. In general practice, low-dose steroids (<7.5 mg/
day) are often used to treat arthritis, while higher doses are of-
ten used to treat the lung condition [27, 31, 32].
Glucocorticoid use until enrolment in our study likely reflects
controlled RA disease activity or systemic inflammation.
Another possible reason for this outcome is that patients may
have enrolled in the study at the time of RA diagnosis and
most of those patients may have no history of steroid use. The

effect of glucocorticoid on the course of lung function and
mortality should be studied further.

No significant association was noted between RA disease
activity trajectory, using DAS28 scores, and lung function
trajectory in our study. This study’s result contradicts those
of previous research, indicating that high inflammatory bur-
dens, including high RA disease activity, are associated with
the incidence of RA-ILD or mortality in RA-ILD [9, 13, 14,
28, 33]. The discordance may be because only a limited num-
ber of patients had high disease activity in our study, which
limited our data’s statistical power. A recently reported retro-
spective analysis of a large multicentre UK network cohort
showed improved survival of patients with RA-ILD because
of the increasing use of mycophenolate mofetil and rituxi-
mab. This finding suggests that controlling inflammation
mitigates further deterioration of RA-ILD [9]. Our study
population may reflect the real-world setting of a rheumato-
logic clinic, as patients are diagnosed with RA because of
their arthritis and not because of their lung condition in most
cases. Patients with RA-ILD are often treated intensively for
arthritis using a treat-to-target strategy at rheumatologic
clinics.

In this study, 5% of patients had a rapid FVC decline.
Consistent with previous research findings, age was a signif-
icant risk factor: each 5 year increment in age and age
�70 years increased the risk for rapid FVC decline of 1.7
times and 10.8 times, respectively. Patients with long-
standing RA had a lower risk of FVC deterioration than
patients with early RA. This result may be attributable to
older age because 44.4% (22/45) of patients within 2 years
of RA diagnosis were �70 years of age. The risk factors
were further expanded when considering the mortality con-
junction with the deterioration of lung function: simulta-
neous diagnosis of RA and ILD within 6 months, more
extensive ILD and no previous methotrexate use before en-
rolment increased the risk 9 times, 3 times and 8 times,
respectively.

Patients with a history of ever smoking had an RR of 2.0
for rapidly declining predicted FVC% and 1.86 for rapidly
declining predicted FVC% or mortality, but it was not statisti-
cally significant in our study. Current smoking or smoking
history is a risk factor for developing RA-ILD and increased
mortality in patients with RA-ILD [1, 2, 34, 35]. However,
the effect of smoking on ILD progression, especially pulmo-
nary function, remains controversial. In a Mayo Clinic study
[19], the hazard ratio for the association between ever-
smoking history and DLCO progression was significant,
while the HR for the association between ever-smoking his-
tory and FVC progression was not significant. Smoking was
not a significant risk factor after multivariate analysis in other
studies on acute exacerbation or progression of RA-ILD
[1, 36–38]. The present study results, together with those
mentioned previously, suggest that the effect of smoking was
likely attenuated because of other factors, such as those asso-
ciated with RA.

Our study demonstrated that 5% of patients experienced
rapid lung function deterioration, regardless of RA disease ac-
tivity, suggesting that mechanisms other than inflammation
impact the deterioration of lung function in RA-ILD. Recent
clinical trials [30] suggest the potential benefit of antifibrotic
therapy in CTD-ILDs, including RA-ILD. In SSc-ILD, the
most extensively studied CTD-ILD, antifibrotic agents (i.e.
nintedanib) decreased the annual rate of FVC decline; these
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effects are further accentuated by background immunosup-
pressive therapy with mycophenolate mofetil [39]. In a sub-
group analysis of the INBUILD trial [40], nintedanib
significantly delayed the deterioration of lung function in RA-
ILD patients. These findings and our findings suggest the
involvement of mechanisms other than inflammation in RA-
ILD progression, which implies that treatments other than
those controlling systemic inflammation may be necessary.

Our study has several limitations. First, the follow-up in-
terval was relatively long at 1 year. However, performing CT
scans at intervals of <12 months for routine check-ups may
be difficult because of the cost and radiation exposure.
However, one strength of this study is that, among the well-
organized prospective studies, our study included the largest
number of patients assessed for RA disease activity and ILD
status simultaneously. Second, most patients had relatively
mild ILD with <10% lung involvement on CT scans; some
of these patients were possibly classified with interstitial
lung abnormalities. In particular, patients attending rheuma-
tology clinics were recruited, and this population may repre-
sent real-world rheumatology patients. Third, most patients
were seropositive, which may reflect selection bias.
Seropositivity is a risk factor for RA-ILD development [17,
41–44], thus the finding that most patients with RA-ILD
were seropositive in our cohort was not surprising. The asso-
ciation between seropositivity and the occurrence of RA-ILD
is known; however, its association with prognosis is not well
known. Therefore, further research may be necessary.
Fourth, owing to the lack of an appropriate age-matched co-
hort, whether the patients’ decline in each trajectory was de-
creasing within the normal range was difficult to confirm.
However, regardless of this fact, clinically significant
changes were observed even in the slow declining and rap-
idly declining groups (Table 2). Fifth, the effect of medica-
tions for RA treatment was not fully analysed and is
undergoing further analysis. Finally, this study had a rela-
tively small sample size. Further studies with larger sample
sizes are warranted to validate our results.

In conclusion, most patients with RA-ILD showed stable or
slowly declining predicted FVC% trajectories and exhibited
maintained or improved to low RA disease activity over
3 years. Nevertheless, in 5% of patients, predicted FVC% de-
teriorated rapidly, particularly in older adults with early RA
(i.e. diagnosed with RA within the preceding 2 years). The
risk factors were further expanded when considering the mor-
tality with the deterioration of lung function, as simultaneous
diagnosis of RA and ILD within 6 months and more extensive
ILD increased the risk. Previous glucocorticoid or methotrex-
ate treatment decreased the risk of rapid FVC deterioration in
our study; however, additional studies may be necessary to
validate our clinical interpretation.
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