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Objective. Patients at high risk of rheumatoid arthritis–associated interstitial lung disease (RA-ILD) would benefit
from being identified before the onset of respiratory symptoms; this can be done by screening patients with the use
of chest high-resolution computed tomography (HRCT). Our objective was to develop and validate a risk score for
patients who have subclinical RA-ILD.

Methods. Our study included a discovery population and a replication population from 2 prospective RA cohorts
(ESPOIRand TRANSLATE2, respectively)without pulmonary symptomswhohad received chestHRCTscans. All patients
were genotyped forMUC5B rs35705950. After multiple logistic regression, a risk score based on independent risk factors
for subclinical RA-ILDwas developed in the discovery population and tested for validation in the replication population.

Results. The discovery population included 163 patients with RA, and the replication population included
89 patients with RA. The prevalence of subclinical RA-ILD was 19.0% and 16.9%, respectively. In the discovery popu-
lation, independent risk factors for subclinical RA-ILD were presence of the MUC5B rs35705950 T allele (odds ratio
[OR] 3.74 [95% confidence interval (95% CI) 1.37, 10.39]), male sex (OR 3.93 [95% CI 1.40, 11.39]), older age at RA
onset (for each year, OR 1.10 [95% CI 1.04, 1.16]), and increased mean Disease Activity Score in 28 joints using the
erythrocyte sedimentation rate (for each unit, OR 2.03 [95% CI 1.24, 3.42]). We developed and validated a derived risk
score with receiver operating characteristic areas under the curve of 0.82 (95% CI 0.70–0.94) for the discovery popula-
tion and 0.78 (95% CI 0.65–0.92) for the replication population. Excluding MUC5B rs35705950 from the model pro-
vided a lower goodness of fit (likelihood ratio test, P = 0.01).

Conclusion. We developed and validated a risk score that could help identify patients at high risk of subclinical
RA-ILD. Our findings support an important contribution of MUC5B rs35705950 to subclinical RA-ILD risk.

INTRODUCTION

Interstitial lung disease (ILD) is an extraarticular manifestation

of rheumatoid arthritis (RA). Subclinical RA-associated ILD

(RA-ILD) is detected in 20–60% of RA patients when the method

of systematic high-resolution computed tomography (HRCT) of

the chest is used, and clinically significant RA-ILD presents in

almost 10% of RA patients (1–6). The course of subclinical
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RA-ILD is heterogeneous, with some patients having disease pro-

gression to pulmonary symptoms and decreased respiratory

function (7,8). Once clinically significant, RA-ILD is associated with

high levels of morbidity and mortality, with a median survival rang-

ing from 3 years to 8 years (1,9,10).
For patients in whom a diagnosis of RA-ILD is clinically sus-

pected, HRCT of the chest is a useful screening tool to confirm
the diagnosis of ILD and to assess ILD both qualitatively
(by reviewing the pattern of interstitial pneumonia) and quantita-
tively (by determining the extent of ILD) (11–14). However, for
patients who lack respiratory symptoms and have a particularly
high risk of disease, screening for ILD is challenging (11,15). There-
fore, improving ways to determine risk of progression in patients
with subclinical RA-ILD could be of great value, especially because
recently developed therapeutic interventions could help reduce the
decline of lung function in patients with progressive disease (16).

To date, RA-ILD–associated risk factors have been investi-
gated in patients with clinically significant disease in retrospective
case–control or register studies (17–19). Clinical RA-ILD–
associated risk factors consistently observed across many
studies include male sex, older age, tobacco smoking, high RA
activity, extraarticular features, and longer RA disease duration
(1,2,20–23). Positivity for RA autoantibodies (rheumatoid factor
[RF] and/or anti–citrullinated protein antibodies [ACPAs]) remains
controversial because no consistent association was observed
in recent large studies (23–25). The MUC5B rs35705950 genetic
variant has been identified as a major RA-ILD risk factor, associ-
ated with 3-fold higher odds of presence of RA-ILD compared
with RA without ILD (23). In a recent study comparing patients
with and those without reported clinical RA-ILD from the FinnGen
study—a collection of data from prospective epidemiologic and
disease-based cohorts and hospital biobank samples in
Finland—the presence of the MUC5B rs35705950 variant was
associated with an increased lifetime risk of clinical RA-ILD,
highlighting the importance of genetic predisposition in the occur-
rence of RA-ILD (19). However, the FinnGen study design
included patients with symptomatic RA-ILD (i.e., ILD identified in
health care registries), which did not allow for the identification of
specific risk factors for subclinical ILD.

The identification of high-risk RA patients who may benefit
from HRCT screening at an early and subclinical stage of the dis-
ease is an important unmet need in RA-ILD (26). Consequently,
we aimed to develop and validate a risk score for subclinical ILD
in patients with RA.

PATIENTS AND METHODS

Study populations and study design. This cross-
sectional study included a discovery and a replication population
of patients with RA from 2 prospective cohorts.

All patients included in the study met either the ACR 1987
classification criteria for RA (27) or the 2010 ACR/EULAR classifi-
cation criteria for RA (28). To meet the World Health Organization
guidelines for screening of a high-risk patient from an asymptom-
atic population (29), patients with RA were considered to be
asymptomatic at the time of chest HRCT scan screening accord-
ing to a definition that reflected a real-life situation in rheumatol-
ogy. According to this definition, patients should have no history
of ILD and no pulmonary signs or respiratory symptoms
(i.e., dyspnea, cough, clubbing, and crackles at lung ausculta-
tion), as demonstrated from systematic questioning and physical
examination by a senior rheumatologist. Patients with RA-ILD or
with symptoms suggestive of ILD were not included in the study.
The 6-minute walk test was not performed.

The discovery population consisted of patients from the pro-
spective French ESPOIR cohort (ClinicalTrials.gov identifier:
NCT03666091). The ESPOIR cohort included patients with early
RA who were included as participants from January 2003 to April
2005 (30); patients included in the ESPOIR cohort were evaluated
every 6 months in the first 2 years and then yearly. For our discov-
ery population, we included patients who had agreed to undergo
a chest HRCT for research purposes between year 9 and year
12 of their follow-up.

The replication population consisted of patients from the
independent prospective TRANSLATE2 cohort (ClinicalTrials.gov
identifier NCT04227535). For our replication population, we
included patients who were being investigated for RA-ILD in the
TRANSLATE2 study who had received consecutive and
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systematic chest HRCT from February 2020 to February 2021 at
Bichat Hospital (Paris, France).

For patients in both the discovery and replication popula-
tions, chest HRCT scans were centrally read by an experienced
radiologist and pulmonologist (MPD and RB), who remained
blinded with regard to patient phenotype and genotype data.
Results from the chest HRCT scans were classified as ILD, no
ILD, or not interpretable, and ILD extension and pattern were eval-
uated according to previously reported criteria (31). Inconsis-
tencies between the individual reviewers were resolved by
consensus. Only patients with interpretable chest HRCT scans
were included in the analyses.

The institutional review boards (ethics committee of Montpel-
lier, France, no. 020307, Northern and Western French Ethic
Committee III no. 2019-31) approved all protocols, and all
patients provided written informed consent. This study was per-
formed without direct patient and public involvement.

Genotyping. Included patients underwent genotyping for
the MUC5B rs35705950 variant and subtyping to identify the
presence of the shared epitope of HLA–DRB1, as previously
described (32,33).

Data collection. In the discovery step, we prospectively
collected potential predictors for subclinical RA-ILD (a list of all
collected data is provided in the Supplementary Appendix, avail-
able on the Arthritis & Rheumatology website at https://
onlinelibrary.wiley.com/doi/10.1002/art.42162). Baseline clinical
and biologic data were collected at time of patient inclusion. All
longitudinal variables were systematically collected at every
follow-up visit (every 6 months during the first 2 years of RA and
then yearly) (33). For variables that were found to be indepen-
dently associated with RA-ILD in the discovery step, we system-
atically collected these retrospective variables at inclusion of the
replication population from their medical records. Detailed infor-
mation is provided in the Supplementary Appendix.

Statistical analysis. We used R program version 4.1.1 for
all statistical analyses. We used GraphPad Prism 9.0 to create
graphics in Figure 1 and in the supplementary figures. Further
details on all methods are provided in the Supplementary
Appendix.

Identification of independent risk factors for subclinical

RA-ILD. For the discovery population (ESPOIR cohort), we tested
the association of each collected variable with subclinical RA-ILD
occurrence in bivariate and then multivariate analysis by logistic
regression. Odds ratios (ORs) or effect sizes and 95% confidence
intervals (95% CIs) were estimated. P values less than 0.05 were
considered statistically significant. Because of the low number of
missing data (<1%) (Supplementary Table 1, available on the
Arthritis & Rheumatology website at https://onlinelibrary.wiley.
com/doi/10.1002/art.42162), no imputation methods were used.

Construction of a risk score for subclinical RA-ILD. According
to the categorized multivariate model in the discovery population
(in which which continuous variables are transformed into cate-
gorical variables), we generated an aggregate-weighting score
for each independent risk factor for subclinical RA-ILD
(no missing data). For each patient, a risk score for subclinical
RA-ILD was calculated by summing the weighted scores of each
independent risk factor. We calculated performance of the risk
score, which included calculating the area under the receiver
operating characteristic (ROC) curve (AUC), sensitivity, specificity,
and likelihood ratio for a proposed total cutoff value providing a
sensitivity of ≥70%. The risk score was developed according to
the transparent reporting of a multivariable prediction model for
individual prognosis or diagnosis (TRIPOD) guidelines
(Supplementary Table 2, available on the Arthritis & Rheumatol-
ogy website at https://onlinelibrary.wiley.com/doi/10.1002/art.
42162) (34).

Validation in an independent cohort.We tested the risk score
for validation in the replication population. We calculated the per-
formance of all corresponding risk scores, which included calcu-
lations of sensitivity, specificity, likelihood ratio, and ROC curve
analysis with AUC calculation based on the proposed corre-
sponding cutoff values for each total risk score.

RESULTS

Study populations. The discovery population (ESPOIR
cohort) included 163 patients (see flow chart in Supplementary
Figure 1, available on the Arthritis & Rheumatology website at
https://onlinelibrary.wiley.com/doi/10.1002/art.42162). Patients
from the discovery population received chest HRCT between year
9 and year 12 of follow-up. Among the 163 patients, 35 (21.5%)
were men, 150 (92.6%) were White, the median age at RA onset
was 49.4 years (interquartile range [IQR] 41.2–55.1), 96 (58.9%)
were positive for ACPAs, 128 (78.5%) were positive for RF,
77 (47.2%) were ever smokers, and the MUC5B rs35705950 T
risk allele frequency was 11.3% (Table 1). Chest HRCT scan
was performed after a median RA disease duration of 13.9 years
(IQR 13–14.1). At the time of chest HRCT, the median Disease
Activity Score in 28 joints using the erythrocyte sedimentation rate
(DAS28-ESR) over the follow-up was 2.9 (IQR 2.4–3.7). Among
the 163 patients, 138 (84.7%) had received methotrexate (MTX),
66 (40.5%) had received a biologic disease-modifying antirheu-
matic drug (bDMARD), and 32 (19.6%) had moderate to high
tobacco smoking exposure (Table 1). Subclinical RA-ILD was
detected in 31 (19.0%) of 163 patients. Missing data are provided
in Supplementary Table 1. Characteristics of the patients who
were not included in the analysis (i.e., refusal to participate or
uninterpretable HRCT scan) are summarized in Supplementary
Table 3 (available on the Arthritis & Rheumatology website at
https://onlinelibrary.wiley.com/doi/10.1002/art.42162).
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The replication population (TRANSLATE2 cohort) included
89 patients, and their characteristics are summarized in Table 2.
Subclinical RA-ILD was detected in 15 (16.9%) of 89 patients.

Identification of independent risk factors for
subclinical RA-ILD. Bivariate analysis. Compared with patients
with RA without ILD, those with subclinical RA-ILD more fre-
quently carried the MUC5B rs35705950 T risk allele (minor allele
frequency of 19% versus 9.5%, P = 0.02), were more frequently
men (38.7% versus 17.4%, P = 0.01), were older at RA onset
(median age 56.2 years [IQR 50.6–61.4] versus 47.6 years [IQR
38.5–53.7], P < 0.0001), had higher DAS28-ESR (median 3.4
[IQR 2.7–4.1] versus 2.9 [IQR 2.3–3.5], P = 0.03), and had higher
scores for the Health Assessment Questionnaire (median 0.6 [IQR
0.3–1.1] versus 0.4 [IQR 0.2–0.6], P = 0.007) over the follow-up
(Table 1). Patients with subclinical RA-ILD had numerically higher

body mass index (BMI), longer tobacco smoking exposure
(pack-years), and higher mean C-reactive protein level during the
follow-up compared with results shown in RA patients without
ILD; however, differences between RA patients with and those
without ILD were not statistically significant (Table 1). We detected
no differences in the ACPA or RF positivity rates or ACPA or RF
titers according to RA-ILD status versus RA without ILD status,
presence versus absence of the shared epitope for HLA–DRB1
status, or level of exposure to MTX or bDMARD (Table 1). The rel-
atively small number of patients with RA-ILD did not allow suba-
nalyses according to the HRCT patterns.

Multivariate analysis. Logistic regression analysis identified
4 variables independently associated with subclinical RA-ILD: the
MUC5B rs35705950 T risk allele (OR 3.74 [95% CI 1.37, 10.39])
(P = 0.01), male sex (OR 3.93 [95% CI 1.40, 11.39]) (P = 0.01),
older age at RA onset (for each year, OR 1.1 [95% CI 1.04, 1.16])

Figure 1. Performance of the proposed risk scores for detection of subclinical rheumatoid arthritis–associated interstitial lung disease in the dis-
covery and replication populations. Results are shown as area under the receiver operating characteristic curves (AUCs) (with 95% confidence
intervals [95% CIs]) in the full model (including MUC5B rs35705950) (A and B) and in the simplified model (without MUC5B rs35705950)
(C and D). Curves labeled “mean all DAS28-ESR” represent models that used the mean of all Disease Activity Score in 28 joints using the eryth-
rocyte sedimentation rate (DAS28-ESR) values over the follow-up until chest high-resolution computed tomography (HRCT) was performed to cal-
culate the risk score. Curves labeled “mean 4 last DAS28-ESR” represent models that used the mean of the last 4 DAS28-ESR values available
before chest HRCT to calculate the risk score. Curves labeled “mean last DAS28-ESR” represent models that used mean of the last
DAS28-ESR value before chest HRCT to calculate the risk score.
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Table 1. Characteristics of patients with RA in the discovery sample (ESPOIR)*

Patient group

Overall RA RA-ILD RA without ILD OR or ES or HR
Characteristic (n = 163) (n = 31) (n = 132) (95% CI) P†

Characteristic at RA onset
Male sex 35 (21.5) 12 (38.7) 23 (17.4) 2.99 (1.28, 7.01) 0.01
White race/ethnicity 150 (92.6) 27 (87.1) 123 (93.9) 2.28 (0.64, 8.11) 0.25
Age, median (IQR) years 49.4 (41.2–55.1) 56.2 (50.6–61.4) 47.6 (38.5–53.7) −0.84 (−1.24, −0.43)‡ <0.0001
BMI median (IQR) kg/m2 24.0 (21.5–27.4) 24.9 (23.0–28.9) 23.7 (21.4–27.0) −0.23 (−0.62, −0.17)‡ 0.11
Ever smoker 77 (47.2) 17 (54.8) 60 (45.5) 1.46 (0.66, 3.20) 0.42
Smoking exposure,
median (IQR) pack-years

0 (0–15) 8 (0–20) 0 (0–13) −0.37 (−0.77, 0.03)‡ 0.11

DAS28-ESR, median (IQR) 5.2 (4.5–6.1) 5.5 (4.7–6.2) 5.1 (4.4–6.0) −0.04 (−0.43, 0.36)‡ 0.48
CRP, median (IQR) mg/dl 10.0 (4.0–22.8) 9.0 (4.5–20.5) 10.0 (4.0–22.5) 00.7 (−0.33, 0.43)‡ 0.69
ACPA positive 96 (58.9) 20 (64.5) 76 (57.6) 1.34 (0.59, 3.02) 0.55
ACPA titer, median (IQR) units/ml 394 (0.0–500) 429 (0–500) 325 (0–500) −0.10 (−0.50, 0.29)‡ 0.68
RF positive 128 (78.5) 24 (77.4) 104 (78.8) 0.92 (0.36, 2.36) 0.81
RF titer, median (IQR) units/ml 30 (5–95) 50 (5–161) 16 (6–43) −0.16 (−0.55, 0.24)‡ 0.33
ANA positive 61 (37.4) 10 (32.3) 51 (38.6) 0.76 (0.33, 1.74) 0.54
Sicca syndrome 111 (68.1) 19 (61.3) 92 (69.7) 0.69 (0.31, 1.55) 0.40
Erosive status 29 (17.8) 7 (11.1) 22 (17.7) 1.46 (0.56–3.80) 0.44
Total SHS, median (IQR) 2.0 (0.0–4.0) 2.0 (0.0–4.0) 2.0 (0.0–4.0) −0.19 (−0.61, 0.23)‡ 0.59
HAQ score, median (IQR) 1.0 (0.5–1.5) 1.1 (0.5–1.4) 1.0 (0.5–1.5) −0.07 (−0.47, 0.32)‡ 0.83
HLA–DRB1*SE allele presence 0.93
0 68 (42.8) 14 (45.2) 54 (42.2) 1 (referent)
1 65 (40.9) 13 (42.0) 52 (40.6) 0.96 (0.41, 2.25)
2 26 (16.4) 4 (12.9) 22 (17.2) 0.70 (0.21, 2.37)

MUC5B rs35705950 GT/TT genotype, % 11.3 19 9.5 2.91 (1.22, 6.95) 0.02
Longitudinal variables at time of chest

HRCT scan
RA duration, median (IQR) years 13.9 (13–14.1) 13.9 (13.3–14) 13.9 (13–14.1) 0.82 (0.55, 1.22)§ 0.30
Smoking status trajectory
Never–stop/low 131 (80.4) 22 (71.0) 109 (82.6) 1 (referent) 0.21
Maintained/moderate–high 32 (19.6) 9 (29.0) 23 (17.4) 1.94 (0.79, 4.75)

DAS28-ESR, median (IQR) 2.9 (2.4–3.7) 3.4 (2.7–4.1) 2.9 (2.3–3.5) −0.47 (−0.87, −0.07)‡ 0.03
CRP, median (IQR) mg/dl 5.8 (3.9–9.2) 6.6 (3.9–9.2) 5.8 (4.1–8.7) −0.38 (−0.78, 0.01)‡ 0.42
CRP trajectory
None–low 147 (90.2) 25 (80.6) 122 (92.4) 1 (referent) 0.09
Moderate–high 16 (9.8) 6 (19.4) 10 (7.6) 2.93 (0.91, 8.79)

HAQ score, median (IQR) 0.4 (0.2–0.8) 0.6 (0.3–1.1) 0.4 (0.2–0.6) −0.01 (−0.4, 0.39)‡ 0.007
MTX exposure 138 (84.7) 27 (87.1) 111 (84.1) 1.28 (0.40, 4.03) 0.79
MTX exposure trajectory
None–low 51 (31.3) 12 (38.7) 39 (29.6) 1 (referent) 0.64
Moderate 76 (46.6) 13 (41.9) 63 (47.7) 0.67 (0.28, 1.62)
High 36 (22.1) 6 (19.4) 30 (22.7) 0.65 (0.22, 1.93)

bDMARD exposure 66 (40.5) 14 (45.2) 52 (39.4) 1.27 (0.58, 2.79) 0.68
TNF inhibitor exposure 54 (33.1) 14 (45.2) 40 (30.3) 1.89 (0.85, 4.21) 0.14
Glucocorticoid exposure trajectory 0.84
None–low 60 (36.8) 13 (41.9) 47 (35.6) 1 (referent)
Moderate 30 (18.4) 5 (16.2) 25 (18.9) 0.72 (0.23, 2.26)
High 73 (44.8) 13 (41.9) 60 (45.5) 0.78 (0.33, 1.85)

ILD pattern on chest HRCT –

UIP and probable UIP – 4 (12.9) – –

NSIP – 4 (12.9) – –

Indeterminate – 23 (74.2) – –

Extent of ILD on chest HRCT –

<5% – 7 (22.6) – –

5–10% – 15 (48.4) – –

>10% – 9 (29.0) – –

Pulmonary function test results, median (IQR) –

FVC, % predicted – 110 (91.8–117)
FEV1, % predicted – 96 (90.3–113) – –

(Continued)
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(P < 0.001), and increased mean DAS28-ESR over the follow-up
(for each unit increase, OR 2.03 [95% CI 1.24, 3.42]) (P = 0.006)
(Table 3).

Development of a risk score for subclinical RA-ILD.
We represented the performance of the multivariate model
from the discovery population by ROC curve analysis, in which the
AUC was calculated as 0.81 (95% CI 0.73, 0.90) (Supplementary
Figure 2, available on the Arthritis & Rheumatology website at

https://onlinelibrary.wiley.com/doi/10.1002/art.42162). We had
similar findings when we used categorized variables to determine
performance (Supplementary Appendix), with the AUC calcu-
lated as 0.80 (95% CI 0.73, 0.9) (Figure 1A). The corresponding
risk matrix is provided in Table 4. The probability (OR) for sub-
clinical RA-ILD ranged from 2 (0.3–5.7) for female patients not
carrying the MUC5B rs35705950 T risk allele and ≤49 years
of age at RA onset and with a mean DAS2-ESR ≤2.9 over
follow-up to 94.9 (72.1–99.3) for male patients carrying the

Table 1. (Cont’d)

Patient group

Overall RA RA-ILD RA without ILD OR or ES or HR
Characteristic (n = 163) (n = 31) (n = 132) (95% CI) P†

TLC, % predicted – 104 (92.3–108.3) – –

DLCO, % predicted 77 (62–80) – –

* Except where indicated otherwise, results (qualitative variables) are the number (%); quantitative variables are shown as median and inter-
quartile range (IQR). The odds ratio (OR) with 95% confidence interval (95% CI) represents the likelihood of a qualitative variable being higher
in the rheumatoid arthritis–associated interstitial lung disease (RA-ILD) group than in the RA without ILD group. Erosive status indicates pres-
ence of articular erosions due to RA. The effect size (ES) with 95% CI represents the effect size of a quantitative variable being higher in the
RA-ILD group than in the RA without ILD group. BMI = body mass index; DAS28-ESR = Disease Activity Score in 28 joints using the erythrocyte
sedimentation rate; CRP = C-reactive protein; ACPA = anti–citrullinated peptide antibody; RF = rheumatoid factor; ANA = antinuclear antibody;
SHS = modified Sharp/van der Heijde score of radiographic progression; HAQ = Health Assessment Questionnaire; HLA–DRB1*SE = HLA–DRB1
shared epitope; HRCT = high-resolution computed tomography; MTX = methotrexate; bDMARD = biologic disease-modifying antirheumatic
drug; TNF = tumor necrosis factor; UIP = usual interstitial pneumonia; NSIP = nonspecific interstitial pneumonia; FVC = forced vital capacity,
FEV1 = forced expiratory volume in 1 second; TLC = total lung capacity; DLCO = diffusing capacity for carbon monoxide.
† Results from the bivariate analysis.
‡ ES with 95% CI.
§ Hazard ratio (HR) with 95% CI.

Table 2. Characteristics of patients with RA in the replication population (TRANSLATE2)*

Patient group

Characteristic
Overall RA RA-ILD RA without ILD
(n = 89) (n = 15) (n = 74)

Male sex 23 (25.8) 7 (46.7) 16 (21.6)
RA duration, median (IQR) years 11 (5–18) 9 (4.5–11.5) 12 (6–18)
Age at RA onset
Median (IQR) years 46.0 (34.0–55.0) 50.0 (43.5–57.5) 42.5 (30.5–53.8)
≤49 years 53 (59.6) 5 (33.3) 48 (64.9)
50–58 years 11 (12.4) 4 (26.7) 7 (9.5)
>58 years 25 (28.1) 6 (40.0) 19 (25.7)

ACPA positive 84 (94.4) 14 (93.3) 70 (94.6)
RF positive 66 (75.9) 11 (73.3) 55 (76.4)
Ever smoker 48 (59.3) 8 (61.5) 40 (58.8)
MUC5B rs35705950 GT/TT genotype, % 17.4 26.7 15.5
All DAS28-ESR values during the 4 years before HRCT
Median (IQR) 3.1 (2.2–4.6) 4.8 (4.0–5.1) 2.9 (2.0–3.9)
<2.9 29 (32.6) 1 (6.6) 28 (37.8)
2.9–4.3 37 (41.6) 4 (26.7) 33 (44.6)
>4.3 23 (25.8) 10 (66.7) 13 (17.6)

Last 4 DAS28-ESR values available before HRCT
Median (IQR) 3.5 (2.4–4.4) 4.7 (4.2–5.0) 3.2 (2.3–4.1)
<2.9 31 (34.8) 1 (6.6) 30 (40.5)
2.9–4.3 35 (39.4) 4 (26.7) 31 (41.9)
>4.3 23 (25.8) 10 (66.7) 13 (17.6)

Last DAS28-ESR value available before HRCT
Median (IQR) 3.1 (2.2–4.6) 4.8 (4.0–5.1) 2.9 (2.0–3.9)
<2.9 40 (45.0) 2 (13.3) 38 (51.4)
2.9–4.3 22 (24.7) 2 (13.3) 20 (27.0)
>4.3 27 (30.3) 11 (73.4) 16 (21.6)

* Except where indicated otherwise, values are the number (%). See Table 1 for definitions.
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MUC5B rs35705950 T risk allele and >58 years of age at RA
onset and with a mean DAS28-ESR >4.3 over follow-up
(Table 4).

To generate a risk score for subclinical RA-ILD, we attributed
a weighted coefficient to each independent risk factor, which led
to a total risk score ranging from 0 to 144 (Table 3). In a model in
which we used a total risk score cutoff of 51 for defining subclini-
cal RA-ILD, the sensitivity was 71.0% and the specificity was
79.6% (Supplementary Table 4, available on the Arthritis &

Rheumatology website at https://onlinelibrary.wiley.com/doi/
10.1002/art.42162).

To simplify the score for use in daily clinical practice, we aimed
to estimate the best approximation of the mean DAS28-ESR over
follow-up. The last 4 DAS28-ESR values obtained from each
patient before they underwent chest HRCT scan (i.e., 4 years
before the chest HRCT scan) provided a good estimate of the
mean DAS28-ESR for all values available over the entire follow-
up, with an AUC of 0.80 (95% CI 0.70, 0.91) (not significantly differ-
ent from the model with all available DAS28-ESR values, bootstrap
P = 0.08). For the model with the last 4 DAS28-ESR values and
with total risk score cutoff of 51 for defining subclinical RA-ILD,
the sensitivity was 73.1% and the specificity was 85.2%
(Figure 1A, Supplementary Table 4). We then validated the score
based on the last 4 DAS28-ESR values obtained from each patient
before chest HRCT in the replication cohort. In this validation
model, the AUC was 0.79 (95% CI 0.67, 0.91) (Figure 1B); the sen-
sitivity and specificity values based on a total risk score cutoff of
51 are listed in Supplementary Table 4.

When we evaluated the last DAS28-ESR value available
within the year before chest HRCT scan in the discovery popula-
tion, we found that the performance was similar and not signifi-
cantly different from the model with all available DAS28-ESR
values (bootstrap P = 0.23). In this model for detection of

subclinical RA-ILD based on a total risk score cutoff of 51, the
AUC was 0.82 (95% CI 0.70, 0.94) (Figure 1A), the sensitivity
was 75.0%, and the specificity was 85.0% (Supplementary
Table 4). We then validated the score derived from the last
DAS28-ESR value in the replication population; in the validated
model, the AUC was 0.78 (95% CI 0.65, 0.92) (Figure 1B). The
sensitivity, specificity, and likelihood ratios based on a total risk
score cutoff of 51 are listed in the Supplementary Table 4.

Because MUC5B rs35705950 genotyping is not available
yet in daily practice, we created a simplified model that excluded
MUC5B rs35705950. Male sex (OR 3.8 [95% CI 1.4, 10.6])
(P < 0.01), older age at RA onset (OR 1.1 [95% CI 1.0, 1.2])
(P = 0.001), and increased mean DAS28-ESR value over the
follow-up (OR 1.9 [95% CI 1.2, 3.2]) (P = 0.01) were indepen-
dently associated with subclinical RA-ILD (Table 3). A new
weighted coefficient was attributed to each independent risk
factor, which led to a total risk score that ranged from
0 to 113 (Table 3). The corresponding risk matrix is provided in
Table 4.

The performance of the ROC curve for the simplified model
was comparable to the full model (bootstrap P = 0.25), with an
AUC of 0.79 (95% CI 0.69, 0.87) (Figure 1C). When we included
the mean of the last 4 DAS28-ESR values available in the 4 years
before the chest HRCT, performance of the risk score for the sim-
plified model was comparable between the discovery population
(AUC 0.78 [95% CI 0.68, 0.88]) and after validation in the replica-
tion population (AUC 0.78 [95% CI 0.65, 0.92]) (Figure 1C; see
also Supplementary Table 5, available on the Arthritis & Rheuma-
tology website at https://onlinelibrary.wiley.com/doi/10.1002/art.
42162) (not significantly different from the model with all available
DAS28-ESR values, bootstrap P = 0.21). The simplified risk score
derived from the last DAS28-ESR value available within the year
before the chest HRCT scan was similar to the score derived from

Table 4. Association matrices for risk scores associated with the risk of subclinical RA-ILD in the discovery population*

Risk matrix variable

DAS28-ESR <2.9 DAS28-ESR 2.9–4.3 DAS28-ESR >4.3

Female Male Female Male Female Male

Model with MUC5B rs35705950
≤49 years (GG) 2.0 (0.3, 5.7) 7.1 (1.0, 18.6) 6.7 (1.2, 16.5) 21.3 (3.2, 50.3) 12.5 (2.0, 29.7) 34.9 (5.9, 71.4)†
≤49 years (GT/TT) 6.7 (1.4, 17.6) 21.3 (5.4, 48.0) 20.3 (5.2, 38.2) 48.9 (16.0, 80.1)† 33.5 (6.3, 59.4)† 65.4 (16.3, 90.8)‡
50–58 years (GG) 6.2 (1.5, 15.6) 19.9 (4.5, 41.6) 18.9 (5.9, 30.6) 46.8 (15.0, 71.7)† 31.6 (8.3, 57.1)† 63.4 (18.1, 87.5)‡
50–58 years (GT/TT) 18.9 (3.8, 50.1) 46.8 (13.0, 80.8)† 45.2 (15.6, 71.7)† 75.6 (39, 94.6)§ 62 (17.9, 87.4)‡ 86.0 (40.7, 97.7)§
>58 years (GG) 16.7 (5.0, 39.1) 42.9 (20.6, 72.0)† 41.4 (15.0, 69.5)† 72.7 (35.6, 92.3)‡ 58.3 (25.1, 84.8)‡ 84.0 (48.3, 97.2)§
>58 years (GT/TT) 41.4 (17.4, 76.6)† 72.7 (46.9, 92.7)‡ 71.4 (40.8, 91.7)‡ 90.4 (66.9, 98.3)§ 83.1 (47.3, 96.8)§ 94.9 (72.1, 99.3)§

Model without MUC5B
rs35705950

≤49 years 3.6 (0.8, 7.1) 11.9 (3.3, 24.7) 8.6 (2.3, 17.6) 25.6 (7.2, 53.7)† 17.5 (4.0, 40.4) 43.6 (9.7, 81.8)†
50–58 years 9.1 (2.2, 20.3) 26.6 (8.8, 53.5)† 20.2 (7.9, 35.8) 48.0 (21.7, 73.8)† 36.3 (10.1, 66.2)† 67.4 (22.0, 91.5)‡
>58 years 24.6 (8.0, 51.2) 54.4 (26.8, 79.3)‡ 45.4 (20.2, 71.9)† 75.2 (45.2, 93.7)§ 65.1 (35.3, 91.1)‡ 87.2 (59.1, 98.3)§

* Risk matrix models were stratified by the presence or absence of each independent risk factor for subclinical RA-ILD (age at RA onset,MUC5B
rs35705950 genotype [GG or GT/TT], DAS28-ESR disease activity scores, and sex). See Table 1 for definitions.
† High risk level for RA-ILD.
‡ Higher level of risk for RA-ILD.
§ Highest level of risk for RA-ILD.
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the last 4 DAS28-ESR values (not significantly different from the
model with all available DAS28-ESR values, bootstrap P = 0.42)
in both the discovery and replication populations, with an AUC
of 0.79 (95% CI 0.67, 0.89) and 0.78 (95% CI 0.64, 0.93), respec-
tively (Figures 1C and D). Corresponding sensitivity and specificity
values in the model based on a total risk score cutoff value of
25 for defining subclinical RA-ILD were 75.0% and 69.0%,
respectively, in the discovery population and 86.7% and 47.3%,
respectively, in the replication population (Supplementary
Table 5).

Of note, if the ROC AUCs of the models with and without
MUC5B rs35705950 were found comparable (bootstrap
P = 0.25) (Figure 1), the model that included MUC5B
rs35705950 had better goodness of fit than the model without,
with an Akaike’s information criterion value of 133 and
138, respectively (likelihood ratio test, P = 0.01).

DISCUSSION

A scoring system that allows stratification of patients at high
risk for RA-ILD before the onset of their pulmonary symptoms
(i.e., subclinical RA-ILD) may help clinicians identify patients who
would most benefit from chest HRCT screening.

In this study, we proposed and validated a risk score for sub-
clinical RA-ILD that included 4 variables (sex, age at RA onset, RA
disease activity using DAS28-ESR, and the MUC5B rs35705950
genetic variant). Although the risk score without MUC5B
rs35705950 was found to be appropriate to discriminate patients
with subclinical RA-ILD, the model withMUC5B rs35705950 had
better performance, suggesting an important contribution of the
genetic variant to the overall risk of subclinical RA-ILD. In our
study, the contribution of MUC5B rs35705950, a common vari-
ant with a relatively high magnitude of association, to risk of sub-
clinical RA-ILD was similar to that previously reported for clinical
RA-ILD (23). Indeed, in both our present study and our earlier
study, the odds of RA-ILD developing in patients carrying the
MUC5B rs35705950 T risk allele was at least 3 times greater than
in those carrying the GG genotype (23). Of note, a similar magni-
tude of association was reported in individuals with interstitial lung
abnormalities and without RA (35). Our findings are in good
agreement with the results of the FinnGen epidemiologic cohort
(19) and support a pivotal role of theMUC5B rs35705950 variant
for both clinical and subclinical RA-ILD risk stratification and add
to the possible interest for genotyping the risk variant in future clin-
ical practice (36).

The performance of the risk score when the last DAS28-ESR
value available in the year before the chest HRCT scan was used
was similar to the performance when the mean DAS28-ESR over
follow-up was used. This finding is concordant with the previously
reported effect of the increase in annual DAS28 on the risk of inci-
dent RA-ILD within the year before RA-ILD onset (21). Estimation
of the risk for subclinical RA-ILD using only the last DAS28-ESR

available makes our risk score easy to use for daily practice. How-
ever, the performance of our risk score cannot be directly com-
pared with the performance of other scores because of the
different study design (i.e., a systematic exploration of asymptom-
atic patients by chest HRCT) and the integration of different vari-
ables in our model (i.e., the MUC5B rs35705950 variant and
DAS28-ESR). Of interest, a risk score for clinical RA-ILD defined
in a recent case–control study identified both male sex and dis-
ease activity (i.e., Clinical Disease Activity Index score >28 and
ESR >80 mm/hour) as independent risk factors, which reinforces
their contribution to the excess risk for ILD in patients with RA
(17). In their case–control study, Paulin et al also identified
smoking and the presence of extraarticular manifestations as pre-
dictors of ILD among patients with RA. However, in a nested
case–control study that matched incident RA-ILD cases to RA
non-ILD controls on age, sex, RA duration, RF, and time from
exposure assessment to RA-ILD, the investigators identified obe-
sity, CRP level, functional status, and heavy smoking as potential
risk factors for RA-ILD (37). Even if our study was not designed
to assess the impact of RA treatments, MTX use was not found
to contribute to the risk of subclinical RA-ILD, which is consistent
with previous studies that concluded that MTX was not a risk fac-
tor for RA-ILD (22,25,38).

Our study has some limitations. The relatively low occurrence
of RA-ILD in the discovery population and the relatively small sam-
ple size may have decreased the power to detect other RA-ILD
risk factors (17,37). Conversely, if such factors were not identified
in our study because of lack of power, the magnitude of their likely
association would be small, with a limited contribution to the
excess risk for subclinical RA-ILD. In addition, the limited sample
size did not allow us to perform subanalyses to identify risk factors
for specific HRCT patterns. Indeed, the potential of including
MUC5B rs35705950 in a future risk score for patients at high risk
of subclinical usual interstitial pneumonia–type RA should be con-
sidered according to the restricted association demonstrated
between the risk variant and the usual interstitial pneumonia pat-
tern shown on HRCT scan of the chest of patients with RA-ILD
(23). In our study, the ACPA positivity rate was different between
the discovery and replication populations (58.9% versus 94.4%,
respectively), which could be the consequence of sampling bias.
However, this difference should not affect the performance of
the risk score, as the discovery stage did not identify ACPA status
as an independent risk factor for subclinical RA-ILD. Lastly, sev-
eral patients included in the ESPOIR cohort did not agree to par-
ticipate in this cross-sectional study, which may have implied a
selection bias. However, the characteristics of patients included
in the study and those not included were not different. In addition,
the prevalence of subclinical RA-ILD in our discovery population
was comparable to that previously reported in the literature
(1–6). Our risk score was developed and validated in patients hav-
ing established RA with a mean disease duration of 10 years. The
predictive value of our risk score will need validation for early or
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longstanding RA. Therefore, future large prospective studies are
needed to investigate 1) the effects of other potential risk factors,
including smoking, BMI, RF-positive and ACPA-positive status,
and serum biomarkers (39), on the risk score for subclinical
RA-ILD, 2) the performance of our risk score for other RA dura-
tions, notably at RA onset, and 3) the identification of risk score
for a specific HRCT pattern and progression to clinical lung fibrosis.

In conclusion, this is the first study that identified and vali-
dated a risk score (with and without inclusion of MUC5B
rs35705950) that would allow the identification of patients at high
risk for subclinical RA-ILD who are eligible for chest HRCT screen-
ing. The fact that the highest-performance model was the one
that included MUC5B rs35705950 in the risk score illustrates
the significant contribution of this genetic variant to the risk of sub-
clinical RA-ILD. These findings could help clinicians in their daily
practice and could affect future recommendations of RA-ILD
screening.
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