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Abstract

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease with a wide spectrum of
pulmonary manifestations, some of which may remain clinically occult. High-resolution
computed tomography (HRCT) is an important imaging modality for detecting and
characterizing these abnormalities. This study aimed to evaluate the spectrum of thoracic
HRCT abnormalities in patients with RA and examine their association with disease activity
and inflammatory markers. A prospective, analytical, hospital-based cross-sectional study
was conducted from January 2021 to January 2022, including 63 adults with RA fulfilling the
2010 American College of Rheumatology/European Alliance of Associations for
Rheumatology classification criteria. Clinical characteristics, disease activity assessed using
the Disease Activity Score 28-erythrocyte sedimentation rate (DAS28-ESR), inflammatory
markers, and thoracic HRCT findings were recorded and analyzed. Of the 63 patients, 45
(71.4%) were women, and the mean age was 45.3+13.4 years. HRCT abnormalities were
detected in 36 (57.1%) patients, with usual interstitial pneumonia-pattern interstitial lung
disease (22.2%) and ground-glass opacities (19.0%) being the most frequent findings.
Patients with abnormal HRCT findings had significantly higher DAS28-ESR scores, elevated
erythrocyte sedimentation rates, and longer disease duration compared with those with
normal HRCT findings (all p<0.001). C-reactive protein positivity (p<0.001) and anti-cyclic
citrullinated peptide antibody positivity (p=0.012) were also significantly associated with
HRCT abnormalities, whereas age and sex showed no significant associations. Pulmonary
abnormalities detected by HRCT were common in patients with RA and were associated with
greater disease activity, systemic inflammation, and longer disease duration. These findings
highlight the importance of respiratory assessment in patients with RA, particularly those with

active disease.

Key words: rheumatoid arthritis, interstitial lung disease, HRCT imaging, disease activity

assessment.



Introduction

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disorder affecting
approximately 0.75% of the adult Indian population [1]. It is more common in women than
in men, and although articular disease is its principal manifestation, RA is also associated
with a broad spectrum of extra-articular manifestations [2,3].

Pulmonary involvement is an important extra-articular manifestation of RA and may affect
the lung parenchyma, pleura, airways and pulmonary vasculature. Reported manifestations
include interstitial lung disease (ILD), pulmonary nodules, pleuritis and pleural effusion,
bronchiolitis, bronchiectasis and pulmonary hypertension [4,5]. These complications
contribute substantially to morbidity and mortality in patients with RA.

High-resolution computed tomography (HRCT) is more sensitive than conventional chest
radiography for detecting and characterizing pulmonary abnormalities in RA [6-10]. HRCT
can demonstrate interstitial patterns, including usual interstitial pneumonia (UIP) and
nonspecific interstitial pneumonia (NSIP), as well as airway, pleural and nodular
abnormalities. Characterization of these changes may be particularly relevant in patients with
active systemic inflammation or respiratory symptoms.

Data on HRCT-defined pulmonary abnormalities in patients with RA from Northeast India
remain limited. The present study therefore aimed to describe the spectrum of thoracic HRCT
findings in adults with RA attending a tertiary-care hospital in Northeast India and to
examine the association of HRCT abnormalities with disease activity and inflammatory

markers.

Materials and Methods

This prospective, analytical, hospital-based cross-sectional study was conducted in the
Department of General Medicine, North Eastern Indira Gandhi Regional Institute of Health
and Medical Sciences (NEIGRIHMS), Shillong, from January 2021 to January 2022. Adult
patients (aged >18 years) with a clinical diagnosis of rheumatoid arthritis (RA) who
additionally fulfilled the 2010 American College of Rheumatology/European Alliance of
Associations for Rheumatology (ACR/EULAR) classification criteria [11] were recruited
consecutively. Patients diagnosed with RA at the index study assessment were categorized as
newly diagnosed; those with an established diagnosis before enrolment were categorized as
previously diagnosed. Patients were excluded if they were current or former smokers or had

pre-existing cardiovascular abnormalities or prior respiratory disease as specified in the study



protocol.

RA was diagnosed clinically by the treating physician on the basis of history, clinical
examination, laboratory findings and available imaging, and eligibility additionally required
fulfilment of the 2010 ACR/EULAR classification criteria. At study assessment,
sociodemographic and clinical information was recorded, disease activity was assessed using
DAS28-ESR, and ESR, CRP, anti-cyclic citrullinated peptide (anti-CCP) antibodies and other
haematological parameters were recorded. All patients underwent clinical evaluation by the
principal investigator at the time of recruitment, including assessment of tender and swollen
joint counts involving 28 joints for calculation of the DAS28-ESR score. All laboratory
investigations, including ESR and CRP, were performed in the same institutional laboratory.
Clinical assessment, blood sampling, and HRCT of the thorax were performed on the same
day for each participant to ensure temporal consistency between clinical, biochemical, and
radiological assessments.

All participants underwent HRCT of the thorax. Images were assessed for ILD, ground-glass
opacities, pneumonitis, pulmonary nodules, bronchiolitis, bronchiectasis, pulmonary arterial
enlargement and other thoracic abnormalities. UIP-pattern ILD was recorded separately from
isolated ground-glass opacity. Isolated ground-glass opacity was not retrospectively
relabelled as NSIP because the available study dataset did not contain sufficient imaging
descriptors to establish an NSIP pattern. HRCT of the thorax was performed using a 128-slice
multidetector CT scanner (SOMATOM Definition AS+, Siemens Healthineers, Germany) in
helical acquisition mode, covering the thorax from the lung apices to the lung bases. All
examinations were performed with patients in the supine position. Images were transferred to
a Syngo.via workstation (Siemens Healthineers) and evaluated using lung, mediastinal, and
bone window settings.

HRCT images were evaluated in the presence of a senior radiologist with at least 10 years of
experience in thoracic imaging. Pulmonary abnormalities were described using the
standardized thoracic imaging terminology recommended by the Fleischner Society. The
radiological findings assessed included ILD, ground-glass opacities, pulmonary nodules,
pneumonitis, bronchiolitis, bronchiectasis, pulmonary arterial enlargement, and other
thoracic abnormalities. The imaging findings were subsequently evaluated for their
association with RA disease activity and inflammatory markers.

Data were entered into Microsoft Excel and analysed using IBM SPSS Statistics for Windows,

Version 28.0 (IBM Corp., Armonk, NY, USA). Categorical variables were expressed as



frequencies and percentages, while continuous variables were presented as mean =+ standard
deviation (SD) for normally distributed data or median with interquartile range (IQR) for non-
normally distributed data.

The chi-square test was used to examine associations between categorical variables,
including HRCT abnormalities and categories of RA disease activity. Fisher's exact test was
applied where expected cell frequencies were insufficient for the chi-square test.

Pearson's correlation coefficient was used to assess linear relationships between continuous
variables, particularly RA disease activity scores (DAS28-ESR and DAS28-CRP), disease
duration, and quantitative radiological parameters, where applicable. Spearman's rank
correlation was considered for variables that did not satisfy the assumptions of Pearson's
correlation.

Linear regression analysis was performed to examine the relationship between continuous
measures of RA disease activity and relevant quantitative HRCT outcomes, where applicable.
The dependent variable was the quantitative radiological outcome, while disease activity
scores and other clinically relevant variables were considered independent variables.
Regression coefficients, 95% confidence intervals, and p-values were reported as
appropriate. All statistical tests were two-sided, and a p-value < 0.05 was considered
statistically significant.

The study was approved by the Institute Ethics Committee (Human Studies), NEIGRIHMS,
Shillong (reference number NEIGR/IEC/M11/P13/21). All participants provided written
informed consent in English, Hindi, or Assamese. The study was conducted in accordance
with the Declaration of Helsinki and the ethical guidelines of the Indian Council of Medical

Research.

Result

A total of 63 patients with RA were included; 45 (71.4%) were women and 18 (28.6%) were
men. The mean age was 45.3 (SD 13.4) years (range 18-79 years). Twenty-nine (46.0%) were
newly diagnosed at the index assessment and 34 (54.0%) had a pre-existing diagnosis of RA;
among previously diagnosed patients, recorded disease duration ranged from 1 to 10 years.
Anti-CCP antibodies were positive in 44 (69.8%) patients. Hand radiographs showed
deformity in 27 (42.9%) and foot radiographs in 9 (14.3%). Rheumatoid factor status and a
formal anatomical/radiographic stage were not available in the master dataset and therefore

could not be reported. Baseline characteristics are summarized in Table 1.



HRCT was normal in 27 (42.9%) patients and showed at least one abnormality in 36
(57.1%). The most frequent abnormalities were UIP-pattern ILD in 14 (22.2%) patients and
ground-glass opacities in 12 (19.0%), followed by sub-centimetric pulmonary nodules in 4
(6.3%), bronchiolitis in 3 (4.8%), pulmonary arterial hypertension in 2 (3.2%), pulmonary
tuberculosis in 2 (3.2%), and pneumonitis and bronchiectasis in 1 (1.6%) patient each.
Cardiomegaly was recorded in 3 (4.8%) patients. Some patients had more than one
abnormality; therefore, individual findings are not mutually exclusive (Table 2; Figure 1).
Patients with abnormal HRCT had higher DAS28-ESR values than those with normal HRCT
(mean 4.00 [SD 0.43] vs 2.63 [SD 0.39]; p<0.001) and higher ESR values (101.0 [SD 22.3] vs
36.4 [SD 17.5] mm/h; p<0.001). Disease duration was also longer in the abnormal-HRCT
group (mean 3.56 [SD 3.26] vs 0.59 [SD 1.39] years; p<0.001). CRP was positive in 35/36
(97.2%) patients with abnormal HRCT compared with 2/27 (7.4%) with normal HRCT
(Fisher's exact p<0.001). Anti-CCP positivity was more frequent in the abnormal-HRCT group
(30/36, 83.3%) than in the normal-HRCT group (14/27, 51.9%; p=0.012). Age (p=0.203) and
sex (p=0.576) were not significantly associated with HRCT abnormality. In univariable
logistic regression, longer disease duration was associated with abnormal HRCT (OR 1.79
per year; 95% CI 1.25-2.57; p=0.001), as were higher DAS28-ESR (OR 70.52 per 1-unit
increase; 95% Cl 11.18-444.60; p<0.001) and higher ESR (OR 1.09 per 1-mm/h increase;
95% CI 1.05-1.13; p<0.001).

Discussion

In this prospective cross-sectional study of 63 adults with RA, 36 (57.1%) had at least one
abnormality on HRCT. UlP-pattern ILD was the most frequent specific finding (22.2%),
followed by ground-glass opacities (19.0%). Other abnormalities included pulmonary
nodules, bronchiolitis, pulmonary arterial hypertension, pneumonitis and bronchiectasis.
These findings demonstrate the heterogeneous thoracic involvement that may accompany RA
and are broadly consistent with previous studies reporting ILD as an important pulmonary
manifestation of the disease [12-15].

Abnormal HRCT findings were associated with higher DAS28-ESR, higher ESR, CRP
positivity, anti-CCP positivity and longer disease duration, whereas age and sex were not
significantly associated with HRCT abnormality in this cohort. The association with
inflammatory activity is consistent with previous reports examining clinical and laboratory

correlates of RA-associated pulmonary involvement [16-19]. However, the magnitude of the



associations in the present dataset was unusually large, with substantial separation of
inflammatory markers between patients with normal and abnormal HRCT. These estimates
should therefore be interpreted cautiously, particularly given the small sample size and cross-
sectional design. The findings demonstrate association rather than prediction and cannot
establish whether active RA preceded or caused the pulmonary abnormalities. Ground-glass
opacity was retained as a descriptive HRCT finding rather than classified as NSIP because the
available dataset did not contain the full radiological features required for retrospective
pattern assignment.

Limitation:

This study has several limitations. It was conducted at a single centre and included a
relatively small sample, which limits generalisability and the precision of effect estimates.
The cross-sectional design prevents assessment of temporal relationships, progression of
pulmonary abnormalities or causal inference. Sparse cells and marked separation of disease-
activity and inflammatory variables between the normal and abnormal HRCT groups limited

reliable multivariable modelling.

Conclusions

In this single-centre cross-sectional study from Northeast India, HRCT abnormalities were
present in more than half of adults with RA, with UIP-pattern ILD and ground-glass opacities
being the most frequent findings. Abnormal HRCT was associated with greater disease
activity, higher inflammatory markers and longer disease duration. These results support
careful respiratory evaluation in patients with RA, particularly in those with active disease or
other clinical features suggesting pulmonary involvement. Larger prospective studies with
standardized HRCT interpretation and pulmonary function assessment are required to

determine temporal relationships and the clinical value of targeted HRCT screening.
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Table 1. Baseline characteristics of patients with rheumatoid arthritis (n=63).

Characteristic n (%) or mean (SD)
Women 45 (71.4%)
Men 18 (28.6%)
Age, years 45.3 (13.4)
Newly diagnosed RA 29 (46.0%)
Previously diagnosed RA 34 (54.0%)
Anti-CCP positive 44 (69.8%)
Hand radiograph deformity 27 (42.9%)
Foot radiograph deformity 9 (14.3%)
DAS28-ESR 3.41 (0.79)
CRP positive 37 (58.7%)

anti-CCP, anti-cyclic citrullinated peptide; CRP, C-reactive protein; DAS28-ESR, Disease Activity Score in 28
joints based on erythrocyte sedimentation rate; RA, rheumatoid arthritis; SD, standard deviation.

Table 2. HRCT thoracic findings in patients with rheumatoid arthritis (n=63).

Finding n % of cohort (n=63)
Normal HRCT 27 42.9
Any abnormal HRCT* 36 57.1
UIP-pattern ILD 14 22.2
Ground-glass opacities 12 19.0
Sub-centimetric pulmonary nodules 4 6.3

Bronchiolitis 3 4.8
Pulmonary arterial hypertension 2 3.2
Pulmonary tuberculosis 2 3.2
1
1

Pneumonitis 1.6
Bronchiectasis 1.6
Cardiomegaly 3 4.8
*Some patients had more than one abnormality; therefore, individual findings are not mutually exclusive.

Abbreviations: HRCT, high-resolution computed tomography; ILD, interstitial lung disease; UIP, usual interstitial
pneumonia.




Figure 1. HRCT imaging of pulmonary changes in rheumatoid arthritis. A: Bi-basal
reticulation with honeycombing and interlobular septal thickening, consistent with a UIP
pattern. B: Patchy ground-glass opacification without other recorded features of ILD. C:
Well-defined round intrapulmonary soft-tissue attenuation nodule in the anterior segment
of the left upper lobe. D: Dilated main pulmonary artery with reversal of the
aortopulmonary ratio in a patient with background ILD.



