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Introduction
Rheumatoid arthritis (RA) is a systemic autoim-
mune disorder characterized by destructive joint 
disease as well as extra-articular manifestations. 
The disease affects 0.5–1% of the worldwide 
population,1 and interstitial lung disease (ILD) is 

one of the most common extra-articular compli-
cations of RA.2 In patients with RA, the reported 
risk of developing ILD is 6–15%.3–6 Studies have 
demonstrated that older age, male sex, smoking, 
and increased rheumatoid factor (RF), and anti-
cyclic citrullinated peptide (anti-CCP) antibody 
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titers are predictors of rheumatoid arthritis–
related interstitial lung disease (RA-ILD).7,8

Pulmonary function is the most sensitive parame-
ter for monitoring the clinical course and predict-
ing patient outcomes in cases of idiopathic 
pulmonary fibrosis, which is the most common 
subtype of idiopathic interstitial pneumonia.9 
RA-ILD also may result in progressive decline in 
pulmonary function, and the change in pulmonary 
function is related to significant morbidity and 
mortality.2 Therefore, identifying and managing 
protective and risk factors related to the decline in 
pulmonary function is important for improving 
clinical outcomes in patients with RA-ILD.

Studies on risk and protective factors for lung 
function decline and mortality in RA-ILD are 
limited, however.10,11 Therefore, we aimed to 
investigate the clinical factors and medications 
associated with lung function decline and mortal-
ity in patients with RA-ILD.

Materials and methods

Patients
This retrospective study examined patients with 
RA who visited Severance Hospital, a university-
affiliated tertiary referral hospital in South Korea, 
between January 2006 and December 2019.

The diagnosis of RA in this study was based on the 
1987 American College of Rheumatology (ACR) or 
2010 ACR–European League Against Rheumatism 
classification criteria for RA.12,13 Patients with other 
concomitant connective tissue diseases (i.e. systemic 
sclerosis, dermatomyositis/polymyositis, mixed con-
nective tissue disease, systemic lupus erythematosus, 
and Sjogren’s syndrome) were excluded. Of the 
3664 consecutive RA patients without other con-
comitant systemic connective tissue diseases, 882 
underwent high-resolution computed tomography 
(HRCT) of the chest during the period between 
January 2006 and December 2019, and 202 were 
revealed to have radiologic findings consistent with 
ILD. Of these patients, 170 whose medical records 
included the results of at least one pulmonary func-
tion test were enrolled (Figure 1). The onset time of 
RA-ILD was defined as the time in which first docu-
mentation of ILD was made on HRCT.

This study was approved by the Ethics Review 
Committee of Severance Hospital (IRB no. 

4-2021-0227), and the need to obtain informed 
consent was waived by the committee because of 
the retrospective nature of this study.

Data collection
We collected the following patient data from the 
electronic medical records: demographics, smok-
ing history, date of RA and RA-ILD diagnosis, 
results of pulmonary function test, history of 
medication use, survival status, last visit date, and 
date of death. The follow-up data were collected 
between 1 January 2006 and 31 March 2021. 
Lung transplantation during follow-up was con-
sidered as death (n = 3).

The anti-CCP titer was measured using a second 
generation DIASTAT® enzyme-linked immuno-
sorbent assay (Axis-Shield Diagnostics, Dundee, 
UK), which was performed according to the 
manufacturer’s instructions. The immunoglobu-
lin M (IgM)-RF level was measured using a 
chemiluminescent immunoassay (QUANTA 
Flash; Inova Diagnostics, San Diego, CA, USA) 
in the same laboratory. Unequivocal readings of 
⩾5 units (U) for the anti-CCP antibody tests and 
of ⩾15 IU/ml for the IgM-RF tests were consid-
ered positive according to manufacturer’s instruc-
tions. The C-reactive protein level was measured 
by nephelometry (Cobas C702 modular analyzer; 
Roche Diagnostics GmbH, Mannheim, 
Germany). The erythrocyte sediment rate (ESR) 
was measured using the modified Westergren 
method. The laboratory test result retrieved clos-
est to the time of RA diagnosis was selected for 
statistical analysis.

The definition of disease-modifying antirheu-
matic drugs (DMARDs) was based on the recent 
treatment guideline for RA published by the 
ACR.14 Oral glucocorticoid and immunosuppres-
sant use was also examined. The history of medi-
cal treatment was examined for the period 
between the initial date on which RA diagnosis 
was made and final follow-up date. Valid medical 
treatment was defined as continuation of the spe-
cific medical treatment for ⩾12 weeks.

Spirometry and HRCT
Spirometry was performed using VMAX 22 
(SensorMedics, Anaheim, CA, USA) according 
to the American Thoracic Society Standards/
European Respiratory Society Guidelines.15
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Spirometry results are expressed as percentage 
predicted values of the functional vital capacity 
(FVC) and were abstracted between 6 months 
prior to ILD diagnosis and the final follow-up 
date before the data cut-off (31 March 2021). 
Baseline FVC values were defined as the spirom-
etry measurements retrieved closest to the time of 
ILD diagnosis. Changes in FVC were calculated 
by subtracting the first percentage predicted value 
from the final value.

HRCT images were obtained using a 64-detector 
computed tomography (CT) scanner (Discovery 
CT750 HD; GE Healthcare, Chicago, IL, USA; 
Somatom Sensation 64, Siemens Healthineers, 
Erlangen, Germany) and a second-generation dual-
source scanner (Somatom Definition Flash, Siemens 
Healthineers). All scans were performed from the 

level of the supraclavicular fossae to the adrenal 
glands under inspiratory breath hold with the follow-
ing scanning parameters: tube voltage of 120 kVp, 
average tube current of 300 mA, average pitch of 0.9, 
and volume CT dose index of <6.0 mGy. After 
scanning, axial images were reconstructed at a slice 
thickness of 1 mm and slice increment of 1 mm with 
a medium-smooth convolution kernel.

HRCT images were evaluated by two expert tho-
racic radiologists, and the radiological patterns on 
the HRCT images were identified. The HRCT 
patterns were classified in relation to usual inter-
stitial pneumonia (UIP): definite UIP, probable 
UIP, indeterminate for UIP, and alternative diag-
nosis.16 When an alternative diagnosis was made, 
the specific radiologic pattern was reported by the 
radiologists.

Figure 1.  Flow chart of study enrollment.
CTD, connective tissue disease; DM, dermatomyositis; HRCT, high-resolution computed tomography; ILD, interstitial 
lung disease; MCTD, mixed connective tissue disease; PM, polymyositis; RA, rheumatoid arthritis; SLE, systemic lupus 
erythematosus; SSc, systemic sclerosis.
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Statistical analysis
An absolute FVC decline of 10% was defined as a 
significant change in lung function, according to a 
previous study.17

Descriptive variables are expressed as mean val-
ues, standard deviations, and proportions. These 
variables were compared using Fisher’s exact test 
or t tests. Logistic regression analysis was per-
formed to identify risk factors related to FVC 
decline and mortality. The ESR cut-off value for 
logistic regression analysis was determined by a 
receiver operating characteristic (ROC) curve. 
The Youden index was calculated based on the 
sensitivity and specificity of each diagnostic cut-
off point in the ROC curve, and the point with 
the highest Youden index was selected as the 
optimal cut-off point. The Kaplan–Meier analysis 
and the log-rank test, as well as the Cox propor-
tional hazards regression analysis, were performed 
to evaluate the overall survival (OS) rate and 
identify clinical risk factors related to mortality. 
Survival duration was calculated from the date of 
RA-ILD diagnosis.

p values of <0.05 were considered significant for 
all analyses. Data analysis was performed using 
SPSS version 26 (IBM, Armonk, NY, USA).

Results

Characteristics of the cohort
A total of 170 patients were included in our 
cohort. Ninety patients (52.9%) were female, and 
the mean age at the time of ILD diagnosis was 
64.0 ± 10.2 years. Seventy-eight patients (45.9%) 
were ever-smokers, 152 of 165 patients (92.1%) 
who were tested for anti-CCP antibody showed 
positivity at baseline, 67 (39.4%) had radiologic 
patterns of UIP at baseline, and the mean FVC % 
predicted was 84.8 ± 18.6 at baseline. Seventy-
nine patients (46.5%) were treated with metho-
trexate (MTX) and 146 (85.9%) were treated 
with oral glucocorticoids. The detailed character-
istics for the cohort are presented in Table 1.

Risk factors for FVC decline
Twenty-seven of 125 patients (21.6%) who under-
went ⩾2 spirometry measurements exhibited sig-
nificant lung function decline (absolute FVC 
decline of ⩾10%). Multivariate logistic regression 
analysis adjusted for age and sulfasalazine history 

revealed that a high ESR at baseline (⩾81.5 mm/h) 
[odds ratio (OR) = 3.056, 95% confidence interval 
(CI) = 1.183–7.890, p = 0.021) and MTX use 
(OR = 0.269, 95% CI = 0.094–0.769, p = 0.014) 
were risk and protective factors for lung function 
decline, respectively (Table 2).

Survival analysis
Among the 170 participants, 29 (17.1%) died 
during the follow-up period. According to the 
Kaplan–Meier analysis, the mean OS of the cohort 
was 11.5 years (95% CI = 10.3–12.8 years).

The mean OS of the patients with radiologic pat-
terns of UIP or probable UIP was 9.6 years (95% 
CI = 7.7–11.5), which was significantly lower 
than the mean OS of those with other patterns 
(12.4 years, 95% CI = 11.3–13.5) [log-rank test, 
p = 0.001, Figure 2(a)]. The mean OS of MTX 
users was 14.4 years (95% CI = 13.3–15.4), which 
was significantly higher than the mean OS of non-
users (8.7 years, 95% CI = 7.2–10.2) [log-rank 
test, p < 0.001, Figure 2(b)].

Multivariate Cox regression analysis adjusted for 
sex and smoking history revealed that an age of 
⩾65 years (OR = 2.723, 95% CI = 1.142–6.491), 
radiologic pattern of UIP or probable UIP 
(OR = 3.948, 95% CI = 1.522–10.242, p = 0.005), 
baseline FVC % predicted (OR = 0.971, 95% 
CI = 0.948–0.994), and MTX use (OR = 0.284, 
95% CI = 0.091–0.880) were predictive of mor-
tality (Table 3).

Discussion
The aim of this study was to investigate the risk 
and protective factors associated with lung func-
tion decline and mortality in patients with 
RA-ILD. We defined a significant decline as an 
absolute decline in FVC of ⩾10%, referring to a 
previously proposed association between lung 
function change and mortality in RA-ILD.17 
Significant decline in lung function was observed 
in approximately 20% of the investigated partici-
pants. Furthermore, a high ESR at baseline, 
defined as the measure acquired closest to the 
time of RA diagnosis, was identified as a risk fac-
tor for RA-ILD. The ESR tends to correlate with 
disease activity in RA,18 and an elevated ESR in 
patients with early RA is predictive of greater radi-
ographic joint damage in old age despite treat-
ment with conventional DMARDs.19 Therefore, a 
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Table 1.  Clinical characteristics.

Variable Participants (n = 170)

Clinical characteristics

  Sex, female 90 (52.9)

  Age, years 64.0 ± 10.2

  Ever-smoker 78 (45.9)

  Anti-CCP positivity, n positive/n tested 152/165 (92.1)

  RF positivity, n positive/n tested 152/166 (91.6)

  CRP, mg/dl 17.3 ± 27.4

  ESR, mm/h 64.8 ± 34.7

  Baseline FVC, % predicted 84.8 ± 18.6

  FVC decline of ⩾10%, n declined/n with ⩾2 measurements 27/125 (21.6)

  Duration of follow-up, years 4.3 ± 3.5

  Radiologic pattern

    UIP 67 (39.4)

    Probable UIP 30 (17.6)

    Indeterminate for UIP 37 (21.8)

    NSIP 15 (8.8)

    OP 20 (11.8)

    RB-ILD 1 (0.6)

Medication history

  DMARDs  

  MTX 79 (46.5)

  HCQ 76 (44.7)

  LEF 62 (36.5)

  SSZ 45 (26.5)

  Tocilizumab 20 (11.8)

  TNF-alpha inhibitors 17 (10.0)

    Adalimumab 8 (4.7)

    Infliximab 6 (3.5)

    Golimumab 3 (1.8)

    Etanercept 3 (1.8)

(Continued)
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Variable Participants (n = 170)

  JAK inhibitor 11 (6.5)

    Baricitinib 7 (4.1)

    Tofacitinib 4 (2.4)

  Abatacept 4 (2.4)

  Rituximab 4 (2.4)

  Oral glucocorticoids 146 (85.9)

  Immunosuppressants

    Tacrolimus 56 (32.9)

    Azathioprine 2 (1.2)

    Mycophenolate mofetil 2 (1.2)

Treatment duration of most prescribed DMARDs

  MTX

    Total, days 1713 ± 1123

    Postdiagnosis of RA-ILD, days 1168 ± 967

  HCQ

    Total, days 1086 ± 995

    Postdiagnosis of RA-ILD, days 1004 ± 906

  LEF

    Total, days 1297 ± 1078

    Postdiagnosis of RA-ILD, days 911 ± 767

  SSZ

    Total, days 760 ± 357

    Postdiagnosis of RA-ILD, days 762 ± 353

  Tocilizumab

    Total, days 927 ± 850

    Postdiagnosis of RA-ILD, days 796 ± 704

CCP, cyclic citrullinated peptide; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; FVC, forced vital capacity; 
HCQ, hydroxychloroquine; JAK, janus kinase; LEF, leflunomide; MTX, methotrexate; NSIP, nonspecific interstitial 
pneumonia; OP, organizing pneumonia; RA-ILD, rheumatoid arthritis–associated interstitial lung disease; RB-ILD, 
respiratory bronchiolitis–interstitial lung disease; RF, rheumatoid factor; SSZ, sulfasalazine; TNF, tumor necrosis factor; 
UIP, usual interstitial pneumonia.
Categorical data are presented as numbers (%) unless otherwise stated and were tested using Fisher’s exact test; 
continuous data are presented as the mean value ± standard deviation and were tested using t tests.

Table 1.  (Continued)
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high ESR at baseline may indicate high disease 
activity and may correlate with the decline in lung 
function due to the lung involvement of RA. A 
previous study investigating joint and lung involve-
ment in patients with RA-ILD reported a good 
correlation between the ESR and the ground glass 
score of HRCT images of the lungs.20

Another notable point is that the use of MTX was 
a protective factor for both lung function decline 
and mortality in our cohort. MTX has long been 
suspected to be a causative agent in lung disease, 
including fibrotic ILD,21–23 and many clinicians 
are reluctant to prescribe MTX in patients with 
RA-ILD. Recent studies, however, suggested that 

MTX is not associated with developing ILD in 
RA patients, and rather reduces the risk of devel-
oping RA-ILD and delays its onset. Kiely et al.24 
investigated 2701 RA patients with up to 25-year 
follow-up, and they found no adverse association 
between RA-ILD and MTX use. Extended analy-
sis from that study also showed that MTX expo-
sure was associated with a reduced risk (OR = 0.48, 
p = 0.004) of developing ILD and longer time to 
ILD diagnosis (OR = 0.41, p = 0.004). Juge et al.25 
performed a case–control study in 410 patients 
with RA-ILD and 673 patients with RA without 
ILD. In that study, adjusted OR for ILD 
development was 0.43 (95% CI = 0.26–0.69; 
p = 0.0006) in MTX ever users, and ILD 

Table 2.  Logistic regression analysis for risk and protective factors associated with forced vital capacity 
decline of ⩾10% among 125 participants who underwent ⩾2 spirometry measurements.

Covariates Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Sex, female 1.185 (0.499–2.814) 0.700  

Aged ⩾65 years 1.322 (0.563–3.103) 0.522 1.732 (0.675–4.446) 0.253

UIP or probable UIP 0.938 (0.397–2.211) 0.883  

Ever-smoker 0.844 (0.355–2.003) 0.700  

Anti-CCP positive 1.923 (0.226–16.370) 0.550  

RF positive 0.615 (0.148–2.560) 0.504  

CRP, mg/dl 1.009 (0.991–1.028) 0.316  

High ESR (⩾81.5 mm/h)a 2.863 (1.183–6.932) 0.020 3.056 (1.183–7.890) 0.021

Baseline FVC, % predicted 0.999 (0.977–1.022) 0.927  

MTX use 0.274 (0.102–0.738) 0.010 0.269 (0.094–0.769) 0.014

HCQ use 1.122 (0.478–2.631) 0.792  

LEF use 0.890 (0.369–2.145) 0.795  

SSZ use 2.692 (1.125–6.445) 0.026 2.407 (0.936–6.189) 0.068

TNF-alpha inhibitor use 1.236 (0.310–4.924) 0.764  

Tocilizumab use 1.486 (0.479–4.614) 0.493  

Oral glucocorticoids use 1.580 (0.329–7.604) 0.568  

Tacrolimus use 1.748 (0.738–4.138) 0.204  

CCP, cyclic citrullinated peptide; CI, confidence interval; ESR, erythrocyte sedimentation rate; FVC, forced vital capacity; 
HCQ, hydroxychloroquine; LEF, leflunomide; MTX, methotrexate; OR, odds ratio; RF, rheumatoid factor;  
SSZ, sulfasalazine; TNF, tumor necrosis factor; UIP, usual interstitial pneumonia.
aThe cut-off value was determined using the highest Youden index in receiver operating characteristic analysis.

https://journals.sagepub.com/home/tar


Volume 16

8	 journals.sagepub.com/home/tar

Therapeutic Advances in 
Respiratory Disease

detection was significantly delayed in MTX ever 
users compared with never users (11.4 ± 10.4 years 
and 4.0 ± 7.4 years, respectively; p < 0.001). 
Furthermore, a retrospective observational study 
conducted by Rojas-Serrano et al.26 revealed that 
treatment with MTX was associated with favora-
ble survival in patients with RA-ILD.

In this study, among the 79 patients who received 
MTX treatment, 55 patients (69.6%) received 

MTX before diagnosis of RA-ILD, and 33 of 
them maintained MTX for more than 12 weeks 
after diagnosis of RA-ILD. In our supplemental 
analysis, benefits of MTX treatment observed in 
patients who received MTX after diagnosis of 
RA-ILD for more than 12 weeks, but the benefit 
was not observed if the treatment was defined as 
12 weeks of MTX use before the diagnosis of 
RA-ILD (Supplemental Tables S1 and S2). 
Together with the results of previous studies, our 
current findings suggest that MTX provides pro-
tective effects against RA-ILD, particularly with 
regard to pulmonary function and mortality, and 
that its benefits may persist when the treatment is 
provided after the onset of RA-ILD. A prospec-
tive study with a larger cohort is warranted to 
confirm the benefits of MTX in RA-ILD.

In contrast to MTX use, older age (⩾65 years), 
lower baseline FVC, and radiologic patterns of 
UIP or probable UIP were associated with an 
increase in the relative risk of death in our cohort. 
Although lung function decline did not signifi-
cantly differ between the different radiologic pat-
tern groups, the OS rate did. This may be 
explained by the fact that acute disease progres-
sion in RA-ILD occurs primarily in those with 
UIP patterns.7,27 In a study of a large cohort of 93 
subjects with connective tissue disease–associated 
ILD, the 1-year incidence of acute progression 
was 3.3% (four subjects), and three of these four 
patients had RA with biopsy-confirmed UIP.28

On the other hand, sulfasalazine use was associ-
ated with decline of pulmonary function in uni-
variate analysis, although the association was not 
statistically significant after multivariate adjust-
ment. There was no significant difference in clini-
cal characteristics of participants according to 
sulfasalazine use in this study (Supplemental 
Table S3), which may imply that confounder 
effect was less of an issue. On the other hand, 
there are previous studies that suggested lesser 
efficacy of sulfasalazine compared with other 
DMARDs. Hider et al.29 investigated to compare 
the outcome in patients with inflammatory polyar-
thritis treated with MTX or sulfasalazine as the 
first DMARD. In that study, the proportion of 
erosive disease at 5 years was lower in MTX group 
compared with sulfasalazine group (OR = 0.3; 
95% CI = 0.1–0.8). Scott et al.30 evaluated the effi-
cacy and safety of leflunomide and sulfasalazine in 
RA, and the ACR20% and ACR50% response at 
24 months with leflunomide was significantly 

Figure 2.  Kaplan–Meier curves displaying the estimated probability of 
survival for the different groups of patients.
MTX, methotrexate; UIP, usual interstitial pneumonia.
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greater than with sulfasalazine. In that sense, we 
suspect that there is a possibility that sulfasalazine 
has a lesser efficacy in preserving pulmonary func-
tion in patients with RA-ILD, and further research 
may be warranted to explore this hypothesis.

While the median survival of RA-ILD patients 
was reportedly 3.0–10.4 years in previous stud-
ies,31,32 this study showed mean survival duration 
of 11.5 years which is longer than the survival 
from the previous reports. As our cohort showed 
generally better baseline pulmonary function than 
those of previous studies,32 we may assume that 
this study cohort includes more patients who 
diagnosed ILD in early stage. Recent study sug-
gests that delayed diagnosis of RA-ILD associ-
ated with an increased mortality,33 and, thus, 
diagnosing RA-ILD in early stage might have 
resulted in lower mortality in our cohort.

There are some limitations to this study. First, to 
investigate incidence and clinical factors associ-
ated with the decline in lung function, selection of 

a subgroup of 125 participants with ⩾2 spirome-
try measurements was inevitable, but this may 
have resulted in some selection bias. Second, we 
could not adopt recent definitions of progressive 
fibrosing phenotype of ILD in this study, because 
missing data hindered reliable application of the 
recent definitions. Instead, we used the classic 
clinical endpoint of FVC decline ⩾10% to evalu-
ate decline of pulmonary function. Third, this 
was a retrospective cohort study, and association 
between good prognosis and MTX use may be 
the result of confounders (e.g. mild patients were 
preferred to treat with MTX), although the asso-
ciation were still valid after adjustments for age, 
radiologic pattern, and baseline pulmonary func-
tion in this study. Further study with prospective 
design is warranted to determine beneficial effect 
of MTX in patients with RA-ILD.

Conclusion
We identified risk and protective factors for lung 
function decline and mortality in patients with 

Table 3.  Cox regression analysis of mortality.

Covariates Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Female 0.300 (0.136–0.662) 0.003 0.525 (0.199–1.383) 0.193

Aged ⩾65 years 1.555 (0.741–3.263) 0.243 2.723 (1.142–6.491) 0.024

UIP or probable UIP 4.021 (1.629–9.925) 0.003 3.948 (1.522–10.242) 0.005

Ever-smoker 3.537 (1.561–8.015) 0.002 2.210 (0.819–5.961) 0.117

Baseline FVC, % predicted 0.966 (0.946–0.988) 0.002 0.971 (0.948–0.994) 0.012

MTX use 0.169 (0.059–0.486) 0.001 0.284 (0.091–0.880) 0.029

HCQ use 0.548 (0.254–1.181) 0.125  

LEF use 0.656 (0.303–1.421) 0.285  

SSZ use 0.641 (0.260–1.578) 0.333  

TNF-alpha inhibitor use 0.554 (0.131–2.349) 0.554  

Tocilizumab use 0.209 (0.028–1.544) 0.125  

Oral glucocorticoids use 0.614 (0.211–1.788) 0.371  

Tacrolimus use 0.826 (0.375–1.817) 0.634  

CCP, cyclic citrullinated peptide; CI, confidence interval; FVC, forced vital capacity; HCQ, hydroxychloroquine;  
LEF, leflunomide; MTX, methotrexate; OR, odds ratio; RF, rheumatoid factor; SSZ, sulfasalazine; TNF, tumor  
necrosis factor; UIP, usual interstitial pneumonia.
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RA-ILD. MTX use was associated with favorable 
outcome in terms of both lung function and mor-
tality, while older age, lower baseline FVC, and 
radiologic patterns of UIP or probable UIP were 
associated with unfavorable outcome. Further 
study with a larger sample and prospective design 
is warranted to investigate beneficial effect of 
MTX against RA-ILD.
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