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Abstract. Background and Aim: Rheumatoid arthritis (RA) is associated with an increased risk of interstitial 
lung disease (ILD) and bronchiectasis. Understanding the prevalence of these diseases is essential for timely diag-
nosis and management. Our aim was to estimate the prevalence of ILD and bronchiectasis in RA patients. Study 
Design and Methods: A systematic literature search was performed on PubMed, Embase, and Google Scholar to 
identify all studies performing HRCT in consecutive RA patients. Articles were screened by three independent 
authors in accordance with PRISMA guidelines. Random-effects meta-regression was performed to estimate 
the prevalence according to RA duration and C-reactive protein. Results: Twenty-four studies comprising 2,532 
RA patients were included. The estimated prevalence of ILD at the time of RA diagnosis was 8.5% (95%  
CI: 4.4–12.5%), increasing by 3.0 percentage points (95% CI: 2.1–3.9%) per year after RA diagnosis (P<0.0001, 
R²=95%). The estimated prevalence of bronchiectasis at RA diagnosis was 8.2% (95% CI: 1.6–14.7%), in-
creasing 1.1 percentage points (95% CI: 0.3–1.9) per year after RA diagnosis (P<0.01, R²=34%). Bronchiec-
tasis prevalence was strongly associated with C-reactive protein and increased by 3.1 percentage points (95%  
CI: 0.9–5.4) per unit increase in CRP (mg/dL) (p<0.01, R2=77%) Conclusion: Bronchiectasis and ILD are com-
mon pulmonary manifestations of RA, particularly in patients with long-term disease. Possibly due to the cu-
mulative effect of chronic inflammation. Therefore, HRCT for all patients with respiratory symptoms or RA 
duration exceeding 5 years should be considered. This approach may facilitate earlier detection of preclinical 
ILD and timely intervention.
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Introduction

Rheumatoid arthritis (RA) is a chronic auto-
immune disease primarily affecting synovial joints. 
However, multiple extra-articular manifestations are 
known to affect RA patients as well (1). Interstitial 

lung disease (ILD) and bronchiectasis (BE), detect-
able on chest high-resolution computed tomography 
(HRCT), are important pulmonary manifestations 
of RA. Chronic obstructive pulmonary disease also 
occur more frequently in RA patients possibly due 
to the common risk factor of tobacco smoking (2). 
Consequently, respiratory disease is a common 
cause of death in these RA patients (3,4). Patients 
with RA-associated ILD (RA-ILD) have a higher 
mortality rate than RA patients without ILD (4). 
HRCT findings associated with ILD include reticu-
lation, traction bronchiectasis (TBE), honeycombing 
(HC), and ground-glass opacities (GGO) (5). HC 
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is seen on HRCT as well-defined, clustered cystic 
structures, typically located in the subpleural region. 
HC represents the destruction and remodeling of 
the lung parenchyma due to inflammatory, mechani-
cal, infectious, or iatrogenic damage (5). HC is a 
hallmark feature of the usual interstitial pneumonia 
(UIP) pattern, which is indicative of advanced pul-
monary fibrosis (5). RA-ILD patients with UIP pat-
tern on HRCT are at high risk of acute exacerbation 
(6,7), HRCT progression, and forced vital capacity 
(FVC) and diffusion capacity for carbon monoxide 
(DLCO) (7,8) decline compared to RA-ILD pa-
tients without UIP (9). Additionally, while reported 
hazard ratios vary, the presence of a UIP pattern on 
HRCT is typically associated with about a twofold 
increased risk of mortality compared to RA-ILD 
without UIP (10–13). Reticulation, appearing as a 
network of fine linear opacities on HRCT, has also 
been associated with radiologic progression and FVC 
and DLCO decline (14,15), and may be an early sign 
of pulmonary fibrosis in the absence of HC. Traction 
bronchiectasis (TBE) refers to a dilation of the bron-
chial lumen resulting from fibrotic retraction of the 
surrounding lung tissue (5). In the context of ILD, 
GGO are usually a sign of inflammation, but GGO 
may also result from other conditions such as infec-
tion and congestive heart failure (5). Interstitial lung 
features in asymptomatic high-risk individuals, such 
as RA patients, are referred to as preclinical ILD 
(16). The reported prevalence of RA-ILD, including 
preclinical cases, varies widely, ranging from around 
6% to 44% of RA patients (17,18). In comparison, 
interstitial features on CT are observed in around 
2% of the general population, with the prevalence in-
creasing linearly with age to almost 10% in individu-
als older than 70 years (15). Long-standing RA has 
been associated with higher risk of ILD (19), pos-
sibly due to the cumulative exposure to RA-related 
systemic inflammation (20). Dyspnea, cough, and 
recurrent pulmonary infections are indicative of ILD 
and BE in patients with RA, and the prevalence of 
UIP among symptomatic RA patients may be as high 
as 23% (21). Knowing the prevalence of ILD and BE 
in patients with RA is essential for risk stratification 
and determining the need for HRCT. Monitoring 
FVC and DLCO in patients with preclinical ILD 
allows for timely initiation of antifibrotic therapy 
and, when appropriate, referral to lung transplanta-
tion (22). The prevalence of ILD in RA patients is 
likely underestimated due to asymptomatic cases and 

unrecognized lung function decline, which can be 
masked by physical inactivity. By pooling data from 
all studies that performed HRCT in consecutive RA 
patients, we aim to provide an accurate estimate of 
ILD and BE prevalence in these patients.

Methods

We systematically searched PubMed, Embase, 
and Google Scholar for studies that performed chest 
HRCT in consecutive RA patients. The protocol 
was registered on PROSPERO in August 2024 (ID: 
CRD42024581068). All search strings are included 
in the supplementary material. However, the initial 
PubMed search was considered too narrow and re-
vised. The search, screening, and extraction processes 
followed the 2020 PRISMA statement (23). Title/
abstract screening was performed independently by 
three reviewers in Covidence.org. Full-text articles 
were obtained successfully for all studies deemed eli-
gible. Full-text screening was performed by two re-
viewers. Conflicts were solved by consulting a third 
reviewer for consensus. Reference lists of included 
studies were screened for additional eligible stud-
ies. An updated literature search conducted in April 
2025 identified no additional studies. Studies were 
eligible if they met the following inclusion criteria: 
1) Performing HRCT in consecutive RA patients.  
2) Reporting the prevalence of ILD, BE or intersti-
tial features including TBE, HC, GGO, and reticula-
tion on HRCT. 3) Including only adult patients (≥18 
years) diagnosed with RA according to the American 
College of Rheumatology (ACR), American Rheu-
matism Association (ARA), or European League 
Against Rheumatism (EULAR) diagnostic criteria. 
4) Observational studies (cross-sectional or cohort) 
published between 1974 and 2025. 5) Reporting 
original data. Exclusion criteria were: 1) System-
atic inclusion or exclusion of RA patients based on 
factors which could alter the risk of pulmonary in-
volvement, such as previous chest X-ray, respiratory 
symptoms, or pulmonary function test results. 2) 
Abstracts, unpublished studies, and unoriginal data. 
 3) Articles not available in English.

Data extraction and risk of bias assessment

Data extraction was performed independently 
by two reviewers using a standardized data extrac-
tion  form. Disagreements were solved through 
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discussion until consensus was reached. Extracted 
information included: 1) Study characteristics, in-
cluding publication year, study design, authors, and 
number of participants (Table 1). 2) Study population 
details, including median age, median RA duration, 
mean CRP concentration (mg/dL), and proportion 
of patients with respiratory symptoms and cigarette 
smoke exposure. 3) The total number of participants. 
4) The prevalence of ILD and BE on HRCT. 5) The 
prevalence of specific interstitial features includ-
ing TBE, HC, GGO, and reticulation on HRCT. 
Baseline HRCT results were extracted if sequential 
HRCT scans were performed. The Newcastle-Ot-
tawa scale adapted for cross-sectional studies (24), 
was used for quality and risk of bias assessment. Stud-
ies were evaluated in three domains: patient selection, 
comparability, and outcome with a maximum score of  
10 points. Studies scoring ≥7 was considered to have 
low risk of bias, 4-6 moderate risk of bias, and ≤3 high 
risk of bias. A detailed description of the risk of bias 
assessment is available as supplementary material.

Statistical analysis

Statistical analysis was performed in R (v4.3.2) 
using the ‘Metafor’ package. Random-effects pro-
portional meta-analysis was performed to estimate 
overall prevalence. Between-study heterogeneity was 
assessed with I² statistics. Random-effects meta-
regression was conducted to estimate the prevalence 
of ILD, BE, and specific interstitial features accord-
ing to the study-specific median RA duration and 
mean CRP. The proportion of between-study het-
erogeneity explained by RA duration and CRP was 
quantified using R2. Estimated prevalences at 0, 2, 
5, 10, and 15 years of RA duration were calculated 
based on the meta-regression models. All estimates 
are reported with 95% confidence interval (CI). The 
meta-analysis was conducted according to MOOSE 
guidelines (25). Sensitivity analyses were conducted 
by limiting proportional meta-analyses and meta- 
regressions to studies with a NOS score ≥6, which 
was the highest threshold compatible with an ad-
equate number of studies for meta-analysis.

Results

The predefined search yielded 995 results. Title 
and abstract screening resulted in 54 articles for full-
text screening. Thirty-four studies met all inclusion 

criteria, but 10 studies were excluded due to selec-
tion of specific RA patients (Exclusion criteria 1) 
(21,26–35). Thus, 24 studies comprising 2,532 pa-
tients were included in the review (Figure 1). Nine-
teen studies were cross-sectional (17,18,21,36–53), 
two were retrospective cohort studies (54,55), 
and three were prospective (36,56,57). NOS as-
sessment indicated low risk of bias in 13 studies 
(37,41,42,45,47,49,51,53,54,56–59), and moderate 
risk of bias in 11 studies (17,36,39,40,43,44,46,48,5
0,52,55). Blinded HRCT assessment was reported in 
11 studies (37,45,50–52,54–59). The remaining stud-
ies did not specify whether blinding was applied. No 
studies had a NOS score ≤3, due to the strict exclu-
sion of studies at risk of selection bias (detailed risk 
of bias assessment is available in the supplement).

Interstitial lung disease

The prevalence of ILD was estimated based on 
10 studies comprising 1,168 RA patients. The overall 
pooled prevalence was 22% (95% CI: 13–31%), with 
high heterogeneity (I² = 94%) (Figure 4A). In meta-
regression, ILD prevalence was strongly associated 
with study-specific RA duration, which explained 
most of the observed heterogeneity (R²=95%). The 
model predicted an ILD prevalence of 8.5% (95% CI: 
4.4–12%) at the time of RA diagnosis, with an esti-
mated increase to the ILD prevalence of 3.0 percent-
age points (95% CI: 2.1–3.9) per year after diagnosis 
(Table 2). The association between ILD prevalence 
and RA duration was highly significant (P<0.0001). 
The results were similar when the meta-analysis was 
restricted to studies with a NOS score ≥6. The over-
all prevalence of ILD was 21% (95% CI: 11–30%). 
Meta-regression predicted a baseline prevalence of 
8.2% (95% CI: 4.3–12.1%) at the time of RA di-
agnosis, with an annual increase of 2.8 percentage 
points (95% CI: 1.9–3.8). The model explained 95% 
of the variance (R²=95%, P< 0.0001). The association 
between ILD and CRP was not assessed due to few 
studies.

Interstitial features

The pooled prevalence of HC was based on 18 
studies comprising 1,364 RA patients. The overall 
pooled prevalence was 5.7% (95% CI: 4.1–7.3%). 
Heterogeneity was low (I2=36%), and there was no 
statically significant association with RA duration 
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Figure 1. PRISMA flow diagram.

(Table 2, Figure 2A) or CRP (Figure 3A). Although, 
the prevalence of HC trended higher with both CRP 
and RA duration. The overall prevalence estimate was 
4.9% (95% CI: 3.3–6.5%), with no significant asso-
ciation with RA duration or CRP, when the analysis 
was restricted to studies with a NOS score ≥6.

The pooled prevalence of GGO was based on 
21 studies comprising 1,607 patients. The overall 
pooled prevalence was 17% (95% CI: 11–22%), 

and heterogeneity was high (I2=91%). The high 
degree of heterogeneity was not explained by RA 
duration (Table 2, Figure 2B) or CRP (Figure 3B), 
although GGO prevalence trended higher with 
CRP. The overall prevalence of GGO remained 
unchanged at 17% (95% CI: 10–25%), with no 
significant association with RA duration or CRP, 
when the analysis was restricted to studies with a 
NOS score ≥6.
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Table 1. Study characteristics

First author, (year of 
publication)

RA 
patients, n

Median RA 
duration, 

years
Median age, 

years
Female, n 

(%)

Cigarette 
Smoke 

exposure, n (%)

Respiratory 
symptoms, 

n (%) Study design

Cortet et al, 1997 (36) 68 12.0 58.8 54 (79%) 16 (24%) 47 (69%) Prospective

Gabbay et al, 1997 (37) 36 1.1 51.8 25 (69%) 20 (56%) Cross-sectional

Dawson et al, 2001 (38) 150 12.7 58.9 100 (67%) 105 (70%) Cross-sectional

Izumiyama et al, 2002 (39) 123 10.6 62.0 101 (82%) 6 (5%) Cross-sectional

Bilgici et al, 2004 (40) 52 8.4 53.6 44 (85%) 13 (25%) 21 (40%) Cross-sectional

Saracoglu et al, 2004 (53) 40 9.5 49.2 31 (78%) 20 (50%) 12 (29%) Cross-sectional

Köker et al, 2007 (41) 67 8.7 55.8 57 (85%) 14 (21%) Cross-sectional

Kanat et al, 2007 (42) 54 9.8 46.9 46 (85%) 12 (22%) 22 (41%) Cross-sectional

Mori et al* (ERA group), 
2008 (57)

65 0.9 57.6 48 (74%) 13 (20%) 11 (17%) Prospective

Mori et al (LRA group), 
2008 (57)

61 11.8 62.5 52 (85%) 8 (13%) 19 (31%) Prospective

Noor et al, 2009 (17) 63 14.0 56.7 56 (89%) 17 (27%) Cross-sectional

Youssef et al, 2011 (43) 36 8.0 48.5 34 (94%) 0 (0%) 22 (61%) Cross-sectional

Skare et al, 2011 (44) 71 11.7 46.5 63 (89%) 24 (34%) Cross-sectional

Habib et al, 2011 (52) 40 1.5 37.6 28 (70%) 5 (13%) 4 (10%) Cross-sectional

Mori et al, 2012 (45) 356 0.7 60.4 271 (76%) 76 (21%) 30 (8%) Cross-sectional

Reynisdottir et al, 2013 (50) 105 0.1 56 70 (67%) 74 (71%) Cross-sectional

Chen et al, 2013 (51) 103 4.3 49.1 76 (74%) 2 (2%) Cross-sectional

Baky et al, 2017 (46) 70 7.3 44.0 61 (87%) 7 (10%) 35 (50%) Cross-sectional

Dong et al, 2019 (56) 18 0.9 52.0 11 (61%) 7 (38%) Prospective

Shawky et al* (ERA 
group), 2019 (47)

92 0.5 54.2 60 (65%) 14 (15%) 19 (21%) Cross-sectional

Shawky et al (LRA group), 
2019 (47)

82 6.0 59.4 57 (70%) 16 (20%) 35 (43%) Cross-sectional

Paulin et al, 2021 (18) 79 0.3 46.5 66 (83%) 42 (53%) 25 (32%) Cross-sectional

Andronache et al, 2021 (48) 92 15.0 63.8 73 (79%) 39 (42%) 65 (71%) Cross-sectional

Tanaka et al, 2022 (54) 208 7.9 59.3 144 (69%) 73 (35%) Retrospective 

Selldén et al, 2023 (49) 30 0.0 58.0 25 (83%) 12 (40%) Cross-sectional

Chai et al, 2023 (55) 371 60.0 257 (69.3%) 100 (27%) Retrospective

Abbreviations: RA=rheumatoid arthritis. ERA=early RA. LRA=late RA. Characteristics of included studies. *Every row represents one 
study except Mori (2008) and Shawky (2019) which were divided into two rows each, because baseline characteristics were reported for 
late vs. early RA.

The pooled prevalence of reticulation was 
based on 16 studies comprising 1,236 RA patients.  
The overall prevalence was 24% (95% CI: 19–30%), 
and heterogeneity was high (I2=80%). The prevalence 
of reticulation increased with RA duration (Table 2, 

Figure 2C), which explained some of the heterogene-
ity (R²=35%). Notably, the prevalence of reticulation 
was strongly associated with median study CRP in 
meta-regression (Figure 3C). Thus, reticulation prev-
alence increased with 6.2 percentage points (95% CI: 
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Table 2. Predicted prevalence of interstitial lung disease, bronchiectasis, and interstitial features according to duration of rheumatoid arthritis

0 years 2 years 5 years 10 years 15 years R² P-value

ILD 8.5%
(95% CI: 4.4 

– 12.5%)

14.4%
(95% CI: 10.9 

– 18%)

23.4%
(95% CI: 19.0 

– 27.7%)

38.3%
(95% CI: 30.4 

– 46.1%)

Na* 95% P<0.0001

BE 8.2%
(95% CI: 1.6 

– 14.7%)

10.3%
(95% CI: 4.9 

– 15.7%)

13.6%
(95% CI: 9.4 

– 17.8%)

19.0%
(95% CI: 14.4 

– 23.6%)

24.4%
(95% CI: 17.0 

– 31.8%)

34% P<0.01

Interstitial features

HC 4.4%
(95% CI: 1.6 

– 7.3%)

4.8%
(95% CI: 2.4 

– 7.1%)

5.3%
(95% CI: 3.5 

– 7.1%)

6.2%
(95% CI: 4.1 

– 8.3%)

7.1%
(95% CI: 3.8 

– 10.4%)

11% P=0.3

GGO 17%
(95% CI: 6.2 

– 27.9%)

16.8%
(95%

CI: 8 – 25.7%)

16.5%
(95% CI: 9.8 

– 23.2%)

15.9%
(95% CI: 8.6 – 

23.3 %)

15.4%
(95% CI: 3.3 – 

27.5 %)

0% P=0.9

TBE 5.1%
(95% CI: 0.0 – 

11.7 %)

6.9%
(95% CI: 1.9 – 

12 %)

9.7%
(95% CI: 6.5 – 

12.9 %)

14.2%
(95% CI: 9.7 – 

18.8 %)

Na* 100% P=0.06

Reticulation 11.1%
(95% CI: 0.3 – 

22 %)

14.2%
(95% CI: 5.3 – 

23.1 %)

18.7%
(95% CI: 12.3 – 

25.1 %)

26.3%
(95% CI: 21.1 – 

31.5 %)

33.9%
(95% CI: 25.2 

– 42.6 %)

35% P<0.01

Abbreviations: ILD=Interstitial lung disease. BE=Bronchiectasis. HC=Honeycombing. GGO=ground glass opacities. TBE: Traction bron-
chiectasis. Predicted prevalence of ILD, BE, HC, GGO, and TBE at 0, 2, 5, 10 and 15 years of RA duration according to random-effects 
meta-regression. *Not reported due to lacking studies with this duration of RA.

1.8-10.6) per unit increase in median CRP (mg/dL) 
according to the regression model. The association 
was highly significant (P<0.001) and explained a sig-
nificant proportion of the observed between-study 
heterogeneity (R2=61%). When restricting the anal-
ysis to studies with a NOS score ≥6, the overall prev-
alence of reticulation was 20% (95% CI: 14–27%). 
The association with RA duration remained statisti-
cally significant, with an estimated annual increase 
in reticulation prevalence of 1.2 percentage points 
(95% CI: 0.4–2.5) per year, (R²=28%, P=0.04). Simi-
larly, CRP remained significantly associated with 
reticulation, showing an increase of 4.7 percentage 
points (95% CI: 0.5–8.9) per unit increase in CRP 
(P=0.03). The pooled prevalence of TBE was based 
on 4 studies with 418 RA patients. The overall preva-
lence was 11% (95% CI: 8–14%), I2=34%. The preva-
lence of TBE seemed to increase with RA duration  
(Figure 2D), although not reaching statistical signifi-
cance in meta-regression (Table 2).

Bronchiectasis

The pooled prevalence of BE was based on 16 
studies comprising 1,348 RA patients. The over-
all prevalence was 16% (95% CI: 11%–20%), with 

substantial heterogeneity (I²=86%) (Figure 4B). RA 
duration explained some of the heterogeneity in BE 
prevalence (R²=34%), with an estimated increase to 
the BE prevalence of 1.1 percentage points (95% 
CI: 0.3–1.9) per year after diagnosis (Table 2). The 
prevalence of BE was strongly associated to CRP 
and the model accounted for a substantial propor-
tion of the between-study heterogeneity (R2=77%) 
(Figure 3D). According to the model prevalence of 
BE increased by approximately 3.1 percentage points 
(95% CI: 0.9–5.4) per unit increase in CRP (p<0.01). 
When restricting the analysis to studies with a NOS 
score ≥6, the overall BE prevalence was 15% (95% 
CI: 9–21%). The association with RA duration re-
mained statistically significant, with an estimated 
annual increase in BE prevalence of 1.1 percentage 
points (95% CI: 0.1–2.1) (R²=28%, P=0.02). Simi-
larly, CRP remained significantly associated with 
BE, showing an increase of 3.4 percentage points 
(95% CI: 0.9–6.0) per unit increase in CRP, (R² 
=74%; P<0.01).

Discussion

In this comprehensive review, we have synthe-
sized data from 24 studies to estimate the prevalence 
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Figure 2. Random-effects meta-regression of the prevalence of (A) honeycombing, (B) ground-glass opacities,  
(C) reticulation, and (D) traction bronchiectasis according to study-specific median duration of rheumatoid arthritis. 
Each point represents one study. The size of the point is determined by the number of study participants. Only reticu-
lation was significantly associated with RA duration. The shaded area around the regression line represents the 95% 
confidence interval of the meta regression.

of BE and ILD in RA patients. The overall pooled 
prevalence of BE was 16%, slightly lower than previ-
ous estimates (60). However, prevalence of BE did 
increase to 19-24% in patients with long-term RA. 
The prevalence of BE correlated strongly with CRP. 
One possible explanation is that RA patients with BE 
experience more frequent infections or chronic colo-
nization with airway pathogens, leading to a higher 
CRP in RA patients with BE on average. Alterna-
tively, RA patients with high level of systemic inflam-
mation or recurrent infections may be more at risk of 
developing bronchiectasis. Both explanations may be 
true hereby by creating a self-reinforcing cycle where 
inflammation promotes airway damage, and airway 
damage predisposes to infections leading to systemic 
inflammation. Moreover, immunosuppressive thera-
pies, a cornerstone in RA treatment, may further 
increase the risk of opportunistic and chronic infec-
tions (61). Clinicians must be aware of the increased 

risk of pulmonary infections in these patients. The 
overall prevalence of ILD was 22%, with marked 
variation depending on RA duration. Based on the 
meta-regression model, ILD prevalence increased 
from 8.5% at RA diagnosis to 38.5% at 10 years. 
The high prevalence observed in this meta-analysis, 
compared to previous estimates (62), is likely due to 
the systematic use of HRCT in all included studies, 
which enabled the detection of all RA-ILD cases, 
including preclinical RA-ILD. In contrast, registry-
based studies may underestimate ILD prevalence due 
to reliance on diagnostic coding of RA-ILD patients 
identified in clinical settings, which likely results in 
underestimation of preclinical RA-ILD prevalence. 
Reticulation was the most prevalent interstitial fea-
ture, and its prevalence increased significantly with 
both RA duration and CRP. The association with 
CRP seemed to be stronger than RA duration sug-
gesting that chronic systemic inflammation may be a 
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Figure 3. Random-effects meta-regression of the prevalence of (A) honeycombing, (B) ground-glass opacities, (C) 
reticulation, and (D) bronchiectasis according to study-specific mean CRP. Each point represents one study. The size 
of the point is determined by the number of study participants. Only reticulation and bronchiectasis were significantly 
associated with CRP. The shaded area around the regression line represents the 95% confidence interval of the meta 
regression.

key driver of reticulation. Thus, reticulation may be a 
result of cumulative RA related inflammation which 
leads to gradual fibrosing and permanent structural 
alterations to the parenchyma. GGO was present 
in 17% of patients but did not show a statistically 
significant association with RA duration or CRP, 
although prevalence trended higher with CRP. The 
lacking association with RA duration may reflect the 
reversible nature of GGO. The pooled prevalence of 
HC around 5%, and although it increased slightly 
with RA duration the association was not statisti-
cally significant. This may reflect the poor prognosis 
of HC and UIP (10–13), as conditions with limited 
long-term survival are less likely to accumulate in the 
population over time. The estimated prevalence of 
4.4% at the time of RA diagnosis is noteworthy and 
suggests that some RA patients may have radiologic 
signs of pulmonary fibrosis prior to RA diagnosis. 
This has clinical relevance as ILD debut prior to RA 

diagnosis and UIP on HRCT both seem to be as-
sociated with an increased risk of acute exacerbation 
of ILD, which is a common cause of death in these 
patients (6).Identification of ILD at the preclini-
cal stage may be beneficial, as both preclinical and 
clinical RA-ILD patients appear to be at high risk 
of HRCT progression and FVC and DLCO decline 
within few years (9,33,55,63,64). Chest HRCT 
could be considered for all patients with RA of more 
than five years’ duration, as approximately one in 
four may have developed ILD by this time. Addi-
tionally, annual lung function testing and DLCO 
measurement in all patients with RA-ILD, includ-
ing those with preclinical disease, may enable earlier 
detection of ILD progression and timely initiation of 
antifibrotic therapy. Furthermore, UIP seems to be 
highly prevalent among RA patients with respiratory 
symptoms (21). Therefore, respiratory symptoms 
should be addressed routinely. In RA patients with 
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Figure 4. ERA = early rheumatoid arthritis; LRA = late rheumatoid arthritis. Forest 
plots showing the pooled prevalence of (A) interstitial lung disease and (B) bronchiecta-
sis based on random-effects proportional meta-analysis. The squares represent the point 
estimates, and the horizontal lines indicate the 95% confidence intervals. Square size is 
proportional to the weight of the study in the meta-analysis.

respiratory symptoms, we recommend lung function 
testing, DLCO measurement, and chest HRCT re-
gardless of RA duration, since 4% of patients seem to 
have HC at the time of RA diagnosis.

Strengths and limitations

By focusing exclusively on studies which per-
formed HRCT in consecutive RA patients, all cases 
of RA-ILD (including preclinical) were identified. 
This approach resulted in a higher ILD prevalence 
estimate compared to previous studies, which have 
relied on other methods, such as diagnostic coding 
and registry-based data (4,62). Heterogeneity was 
generally high in the overall prevalence estimates. 
However, Meta-regression by CRP or RA duration 
accounted for most of the observed heterogeneity. 

The remaining heterogeneity may have reflected dif-
ferences in study settings, inclusion criteria, or pa-
tient population characteristics such as RA disease 
severity and smoking history. We explored smoking 
history as a potential contributor to the heterogene-
ity but found no significant association between the 
proportion of patients with smoking history in each 
study and the prevalence of HRCT findings. This 
may reflect limitations in the smoking data, which 
lacked information on cumulative exposure and cur-
rent smoking status. Thus, statistical analyses based 
on study-level data may obscure individual-level as-
sociations, as this method os inherently limited by 
the potential for ecological fallacy (65). The diagnosis 
of bronchiectasis implies irreversible bronchial dila-
tation (5). Determining irreversibility can be chal-
lenging in cross-sectional studies relying on a single 
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