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Abstract

Introduction |Interstitial lung disease (ILD) is an important pulmonary complication of connective tissue disease
(CTD). This study aimed to analyze high-resolution computed tomography (HRCT) manifestations of different
connective tissue-associated interstitial lung diseases (CTD-ILDs) to improve diagnostic accuracy.

Method This study retrospectively included 99 patients diagnosed with CTD-ILD between September 2017 and July
2024. Visual assessment and quantitative CT analysis were used to evaluate HRCT manifestations.

Results The age of the rheumatoid arthritis (RA) group was significantly greater than that of the polymyositis/
dermatomyositis (PM/DM) and systemic sclerosis (SSc) groups (p=0.025 and p=0.02), with a mean age of 64.4+10
years. The most common HRCT pattern of CTD-ILD was nonspecific interstitial pneumonia (NSIP) (p=0.008); the
adjusted residual > 1.96, usual interstitial pneumonia (UIP) was most frequently observed in the RA group, organizing
pneumonia (OP) was most commonly observed in the PM/DM group, and lymphocytic interstitial pneumonia

(LIP) was observed only in the primary Sjogren’s syndrome (pSjS) group. The CTD-ILD groups exhibited significant
differences in bronchiectasis (x2=11.256, p=0.0022), esophageal dilatation (x2 =33.923, p <0.001), mediastinal lymph
node enlargement (x2=10.103, p=0.041), and thin-walled cysts (x2=14.081, p=0.006). Adjusted residual > 1.96,
esophageal dilatation was commonly observed in the SSc group; bronchiectasis was more common in the RA
group; mediastinal lymph node was more common in the pSjS group. Statistically significant differences in the
predominance of different CTD-ILDs (x2 =20.814, p=0.0046). The PM/DM group exhibited significant consolidation
and reticulation. The extensive honeycombing was present in the RA-ILD group (p=0.044). Based on logjistic binary
regression analysis, bronchial dilatation (odds ratio: 4.506, p=0.005) and extensive honeycombing (odds ratio: 1.282,
p=0.021) were significant predictors of RA-ILD, while lymph node enlargement (odds ratio: 3.314, p=0.039) and thin-
walled cysts (odds ratio: 6.278, p=0.001) were predictors of pSjS-ILD.

Conclusion Different types of CTD-ILD have characteristic HRCT manifestations.

Clinical trial number As this study involved standard clinical procedures and assessments without an experimental
treatment protocol, it did not require registration with a public clinical trials registry.
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Introduction

Connective tissue disease (CTD) is a group of autoim-
mune disorders that are characterized by multisystem
and multiorgan involvement, including rheumatoid
arthritis (RA), polymyositis/dermatomyositis (PM/DM),
systemic lupus erythematosus (SLE), systemic sclerosis
(SSc), and primary Sjogren’s syndrome (pSjS), among
others. Pulmonary manifestations, often presenting as
interstitial lung disease (ILD), are significant factors in
CTD morbidity and mortality. These pulmonary manifes-
tations can serve as initial indicators of CTD in patients
and can occur prior to the development of typical clini-
cal symptoms. A study reported that 19% of patients who
were initially diagnosed with idiopathic interstitial pneu-
monia (IIP) developed CTD, highlighting the impor-
tance of early diagnosis [1]. Owing to its similarity to
IIP, CTD-ILD can be classified according to the IIP clas-
sification system, which includes usual interstitial pneu-
monia (UIP), nonspecific interstitial pneumonia (NSIP),
organizing pneumonia (OP), and lymphocytic interstitial
pneumonia (LIP), among others [2]. Unfortunately, the
invasive nature of lung biopsy often precludes the acqui-
sition of pathological tissue samples. However, high-
resolution computed tomography (HRCT) patterns are
closely correlated with histopathological findings, mak-
ing it an essential tool for providing anatomical infor-
mation about lung lesions [3]. The presence and pattern
of these findings play crucial roles in guiding treatment
decisions and determining patient prognosis. Previous
studies have shown that the heterogeneity of CTD-ILDs
is high, and it cannot be studied as a whole; thus, it is
necessary to categorize CTD-ILDs for research. In this
study, we used CTD-ILD types as the classification crite-
ria to explore the differences in imaging performance for
different types of CTD-ILD to provide guidance for pre-
cise clinical diagnosis and treatment [4].

Owing to its noninvasive nature and applicability to
most patients, HRCT has become the primary tool for
evaluating ILD. However, the interpretation of images by
physicians may be subjective, leading to potential inaccu-
racies. In recent years, quantitative CT analysis has been
widely accepted because of its objectivity and ability to
reflect histologic features [5]. Nevertheless, the complex-
ity of CTD-ILD imaging and the multisystemic nature
of the disease make it challenging to comprehensively
and accurately quantify all signs. Consequently, most
previous studies have focused primarily on describing
the signs of CTD-ILD on the basis of visual assessment
alone. Therefore, this study aimed to analyze the HRCT
manifestations of different CTD-ILD types by combining
quantitative CT and visual assessment, thereby increas-
ing diagnostic accuracy for various types of CTD-ILD.
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Materials and methods

This retrospective study included 99 patients (34 patients
with RA-ILD, 27 patients with pSjS-ILD, 16 patients with
SSc-ILD, 16 patients with PM/DM-ILD, and 6 patients
with SLE-ILD) who underwent chest HRCT and who
were diagnosed through a multidisciplinary approach at
the Second Affiliated Hospital of Harbin Medical Uni-
versity between September 2017 and July 2024. All the
patients’ CTD diagnoses conformed to the criteria estab-
lished by the European League Against Rheumatism
(EULAR) and the American College of Rheumatology
(ACR). The study was approved by the hospital’s eth-
ics committee (Ethics No. YJSKY2024-057), and all the
images and data were securely extracted from electronic
records to maintain patient privacy confidentiality and
ethical standards.

CT methods

In this study, a Philips 256-row Brilliance iCT scanner,
which was manufactured by a Dutch company, was used
to perform a CT scan at the end of the patient’s maximal
inspiration without contrast injection. The patient was
scanned in a supine position, with the scan range extend-
ing from the lung base to the lung apex. The scanning
parameters were as follows: layer thickness: 1 mm; layer
spacing: 5 mm; voltage: 120 kV; pitch array: 512x512;
and bone algorithm reconstruction. For lung window
imaging, the window width was set to 1,500 HU, with a
window level of -600 HU.

CT image processing and analysis

Visual assessment

All the CT images were independently evaluated in a
randomized order by a physician with 8 years of experi-
ence who was not provided with any clinical information
about the patients. The presence or absence of the follow-
ing signs were recorded: (1) bronchiectasis; (2) esopha-
geal dilatation; (3) mediastinal lymph node enlargement;
(4) pleural effusion; (5) pulmonary artery widening; (6)
pulmonary nodule; (7) honeycombing; (8) reticulation;
(9) ground-glass opacity; (10) consolidation; 11. thin-
walled cysts; and 12. pericardial effusion, where pulmo-
nary artery widening was defined as a diameter of the
main pulmonary artery>29 mm [6]. On the basis of the
HRCT images, the predominant manifestations in each
patient were identified and categorized into four groups:
ground-glass opacity, reticulation, honeycombing, and
consolidation. Determine the distribution of predomi-
nant manifestations, namely, along the bronchovascular
bundles, subpleural or both. For each patient, a predomi-
nant HRCT pattern, including UIP, NSIP, OP, LIP, and
others, was identified by the radiologist in consultation
with the respiratory physician.
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Fig. 1 a, ¢, e, and g are the original image without ROl labeling. b, d, f, and h are the original images labeled with ROIs, with different ROIs distinguished
by different color zones: green for honeycombing; yellow for reticulation; red for ground-glass opacity; and blue for consolidation

Table 1 Basic clinical data of patients in the CTD groups

RA-ILD(n=33) pSjS-ILD SSc-ILD PM/DM-ILD (n=16) SLE-ILD (n=6) p Post-hoc test
(n=27) (n=16)
Gender(male: female) 9: 25 6:21 1:15 2:14 0:6 0.355
Age (average +SD) 644+10 604+ 11 5474112 553+86 588+9.5 0.01 1>3,1>4

RA-ILD: rheumatoid arthritis-related interstitial lung disease; pSjS-ILD: primary Sjogren’s syndrome-related interstitial lung disease; SSc-ILD: systemic sclerosis-
related interstitial lung disease; PM/DM-ILD: polymyositis/dermatomyositis-related interstitial lung disease; SLE-ILD: systemic lupus erythematosus-related

interstitial lung disease
1: RA-ILD; 2:pSjS-ILD; 3:SSc-ILD; 4:PM/DM-ILD; 5:SLE-ILD

Quantitative assessment

To ensure the accuracy of region of interest (ROI) outlin-
ing, this study employed manual outlining rather than an
automatic expansion tool. The process was performed by
two radiologists: one with 2 years of experience applying
the corresponding module of the open-source software
3D Slicer (version 5.6.2, https://www.slicer.org) for ROI
outlining and another with 5 years of experience who
reviewed and modified the ROIs. The outlining process
included all image levels, and the types of ROIs included
honeycombing, ground-glass opacity, reticulation, and
consolidation, each marked with distinct colors. The cor-
responding module of the software automatically quan-
tified the volume of each lesion in the patient’s images
and calculated the percentage of total lung volume repre-
sented by the different lesions (Fig. 1).

Statistical methods

The Shapiro-Wilk test was used to assess the normal-
ity of the data. Descriptive statistics are presented as the
mean + standard deviation for normally distributed data
and as (p25, p75) for data that did not conform to a nor-
mal distribution. The ages of the patients followed a nor-
mal distribution, and comparisons between groups were
conducted via ANOVA, followed by post hoc analyses.
The x* test was used to compare HRCT manifestations,

HRCT manifestation types, patient gender, and distri-
bution of predominant manifestations across groups.
The ranges of honeycombing, reticulation, ground-glass
opacity, and consolidation between groups were assessed
via the Kruskal-Wallis test. A p value <0.05 was consid-
ered to indicate a significant difference. Adjusted stan-
dardized residuals were calculated to identify the groups
that contributed to the significant differences in CT find-
ings. An adjusted standardized residual greater than 1.96
or less than —1.96 indicated a group with a significantly
higher or lower frequency, respectively. Between-group
comparisons were conducted between the RA-ILD group
and other CTD-ILD groups as well as between the pSjS-
ILD group and other CTD-ILD groups. Binary logistic
regression analysis was employed to identify the predic-
tors of RA-ILD and pSjS-ILD. The inclusion criterion
consisted of the aforementioned statistically significant
indicators. All analyses were conducted via SPSS 27.0.

Result

Patient information

A total of 99 patients with CTD-ILD who were diagnosed
by a multidisciplinary team were included, with data
related to age and gender presented in Table 1. No sig-
nificant differences were observed in the male-to-female
ratio among the different disease groups; however, the
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number of female patients significantly exceeded that of
male patients, with females accounting for 81.8% of the
total patient population. A significant difference in age
was observed among patients in the different disease
groups (p=0.01). Post hoc tests revealed that the RA
group was significantly older than the PM/DM group
and the SSc group (p=0.025, p=0.02). The average age of
the RA group was 64.4 + 10 years, which was significantly
greater than that of the PM/DM and SSc groups.

Distribution of HRCT patterns of different types of CTD-
ILDs

Among the HRCT manifestations of CTD-ILDs, the most
prevalent type was NSIP (55.6%) (Fig. 2a), followed by
UIP (30.3%) (Fig. 2b). LIP (Fig. 2c) was rare, accounting
for 4%. Comparisons between groups with different types
of CTD-ILD revealed significant differences (p<0.05).
Comparisons within the RA-ILD group revealed that
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the UIP pattern was the most common pattern in RA-
ILD patients and was statistically significant (adjusted
residuals >1.96), and the adjusted residuals for the OP
type (Fig. 2d) in PM/DM-ILD patients were >1.96; these
results indicated that PM/DM was most common in
CTD-ILD patients with the HRCT pattern of OP. In this
study, the LIP pattern was present only in pSjS patients,
and the presence of the LIP pattern was not observed in
patients with any of the other CTD-ILDs. The results are
presented in Table 2.

Comparative analysis of HRCT imaging signs, significant
manifestations, range of manifestations in different CTD-
ILD groups, distrubtion and logistic regression analysis
Figure 3 shows the various HRCT features of the CTD-
ILDs. There was no statistically significant difference
between the groups in the presence or absence of pleu-
ral effusion, pulmonary artery widening, pulmonary

Fig. 2 a. An SSc patient with multiple reticulation and ground-glass opacity in both lungs, no obvious honeycombing, showing NSIP pattern. b. An RA
patient with multiple areas of honeycombing and reticulation at the base of both lungs, showing a UIP pattern. c. A pSjS patient with multiple thin-walled
cysts along vascular bundles in both lungs, accompanied by reticulation and ground-glass opacity, presenting as an LIP pattern. d. A PM patient with
consolidation along the vascular bundles and subpleural distribution in both lungs, presenting as an OP pattern
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Table 2 Distribution of HRCT patterns for different types of CTD-ILDs [n(%)]

uIP NSIP LIP OoP Others x? p
RA-ILD(n=34) 17(50)° 16(47.1) 0(0) 0(0) 129 34.876 0.008
PSjS-ILD(n=27) 6(22.2) 14(51.9) 4(14.8) 1(3.7) 2(7.4)
SLE-ILD(n=6) 1006.7) 4(66.7) 0(0) 1(16.7) 0(0)
Ssc-ILD(n=16) 4(25) 11(68.8) 0(0) 0(0) 16.3)
PM/DM-ILD(n=16) 2(12.5) 10(62.5) 0(0) 4(25)° 0(0)
Total(n=99) 30 55 4 6 4

2: Significantly more frequent (adjusted standard residuals > 1.96)
b, Significantly less frequent (adjusted standard residuals <-1.96)

—

Fig. 3 a. bronchiectasis; b. esophageal dilatation(red arrow) and reticulation(blue arrow); c.mediastinal lymph node enlargement; d. pleural effusion(red
arrow) and pericardial effusion(blue arrow); e. pulmonary nodule; f. honeycombing; g. thin-walled cysts(red arrow) and ground-glass opacity(blue arrow);

h. pulmonary artery widening; i. consolidation

nodule, honeycombing, reticulation, ground-glass
opacity, consolidation, or pericardial effusion. Differ-
ent CTD-ILD groups exhibited significant differences
in bronchiectasis (x2=11.256, p=0.0022), esophageal
dilatation (x2=33.923, p<0.001), mediastinal lymph
node enlargement (x2=10.103, p=0.041), and thin-
walled cysts (x2=14.081, p=0.006). Bronchiectasis was
most common in the RA-ILD group, and esophageal

dilatation was mostly present in the SSc-ILD group.
Mediastinal lymph node enlargement and thin-walled
cysts were most common in the pSjS-ILD group. There
was a significant difference in predominant manifesta-
tions between the groups (x*> = 20.814, p=0.046), with
adjusted standardized residuals>1.96, indicating that
RA-ILD was the most common CTD, with honeycomb-
ing as the main type of presentation. PM/DM-ILD was
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Table 3 Comparison of HRCT performance in different types of CTD-ILDs [n (%)]

HRCT performances RA-ILD pSjS-ILD SSc-ILD PM/DM-ILD SLE-ILD x2 14
(n=34) (n=27) (n=16) (n=16) (n=6)

Bronchiectasis 24(70.6)° 12(44.4) 7(43.7) 5(31.3) 1(16.7) 11.256 0.022

Esophageal dilatation 2(5.9)° 13.7)° 10(62.5)° 16.3) 1(16.7) 33.923 <0.001

Mediastinal lymph node enlargement 14(41.2) 16(59.3)? 4(25) 3(18.8) 1(16.7) 10.103 0.041

Pleural effusion 2(5.9) 1(3.7) 1(6.3) 1(6.3) 1(16.7) 1453 0.693

Pulmonary artery widening 7(20.6) 4(11.8) 6(17.6) 5(31.3) 2(33.3) 3.783 0.391

Pulmonary nodule 22(64.7) 22(81.5)° 8(50) 9(56.3) 4(66.7) 5.382 0.222

Honeycombing 20(58.8)° 11(40.7) 6(37.5) 3(18.8)° 2(12.5) 7.808 0.095

Reticulation 26(76.5) 20(74.1) 13(81.3) 14(87.5) 2(33.3) 7.395 0.157

Ground-glass opacity 23(67.6) 22(81.5) 11(68.8) 9(56.3) 4(66.7) 3.246 0.51

Consolidation 5(14.7) 8(29.6) 2(12.5) 5(31.3) 1(6.3) 3771 043

Thin-walled cysts 11(32.4) 18(52.9)° 6(37.5) 2(12.5)° 2(33.3) 14.081 0.006

Pericardial effusion 6(17.6) 4(14.8) 2(12.5) 1(6.3) 3(50)° 6.48 0.241

Predominance 20814 0.046

Ground-glass opacity 17(50) 12(44.4) 9(56.3) 4(25) 3(50)

Reticulation 4(11.8)° 10(37) 3(18.8) 8(50)° 2(33.3)

Honeycombing 13(38.2)° 4(14.8) 4(25) 2(12.5) 1(6.3)

Consolidation 0(0) 13.7) 0(0) 2(12.5)° 0(0)

Extent(p25,p75)

Ground-glass opacity 0,1.1) 0.1,2.6) 0,2) 0,1.1) 03.2) 0.783

Reticulation 0.1,1) 0,3.3) (0.2,2.2) 0.1,2.7) 0,1.3) 0.253

Honeycombing 0,4) 0,1.6) 0,1.7) (0,0) (0,0.5) 0.044

Consolidation 0,0 (0,0.1) 0,0) (0,03) 0,14) 0412

Distribution 8.950 0.345

PeriBVB 4(11.7) 6(22.2) 2(12.5) 3(18.8) 2(33.3)

Subpleural 24(70.6) 11(40.7)° 11(68.6) 9(56.3) 4(66.7)

PeriBVB+ Subpl 6(17.6) 10(37)° 3(18.8) 4(25) 0(0)

PeriBVB: Peri-bronchovascular; RA: rheumatoid arthritis-related interstitial lung disease; pSjS-ILD: primary Sjogren’s syndrome-related interstitial lung disease;
SSc-ILD: systemic sclerosis-related interstitial lung disease; PM/DM-ILD: polymyositis/dermatomyositis-related interstitial lung disease; SLE-ILD: systemic lupus

erythematosus-related interstitial lung disease
2: Significantly more frequent (adjusted standard residuals > 1.96)

b: Significantly less frequent (adjusted standard residuals <-1.96)

RA-ILD p Odds ratio[95% CI] pSjS—-ILD p Odds ratio[95% CI]
Bronchiectasis 4.506[1.567~12.957]  0.005 E 0.343[0.108~1.082]  0.068 :
Esophageal dilatation 0.119[0.014~1.041]  0.054 ] 0.143[0.016~1.246] 0.078 :
Thin—walled cysts 0.388[0.13~1.16]  0.090 6.278[2.025~19.458]  0.001
Mediastinal lymph node enlargement ~ 0.682[0.23~2.025]  0.491 Y 3.314[1.062~10.342] 0.039 }
Honeycombing extent 1.282[1.038~1.584]  0.021 E 0.893[0.741~1.075] 0.232 :
[ T T T T 1 1T T 1T 17T 17T T1T71
o 1 2 3 4 5 012 3 456 7

Fig. 4 Binary logistic regression analysis. RA-ILD: rheumatoid arthritis-related interstitial lung disease; pSjS-ILD: primary Sjégren’s syndrome-related inter-

stitiallung disease; 95%Cl: 95% Confidence Interval

the most common CTD, with reticulation as the main
type of presentation, and consolidation was similarly
more common in the PM/DM-ILD group. With adjusted
standardized residuals<-1.96, reticulation, which was
the predominant presentation type, was less common
in RA-ILD patients. The distribution of was not statis-
tically significant, but there was a trend: distribution
along the subpleura was more common in the RA group.
The difference in the extent of honeycombing between
the groups was statistically significant (p=0.044), with

RA-ILD patients showing more extensive honeycomb-
ing. The results are shown in Table 3. On the basis of the
results of the binary logistic regression analysis of the
RA-ILD and pSjS-ILD groups, significant predictors for
both diseases were identified. Bronchiectasis (odds ratio:
4.506, p=0.005) and the extent of honeycombing (odds
ratio: 1.282, p=0.021) were significant predictors of RA-
ILD (Fig. 4). In contrast, pulmonary lymph node enlarge-
ment (odds ratio: 3.314, p=0.039) and thin-walled cysts



Li et al. BMC Medical Imaging (2025) 25:109

(odds ratio: 6.278, p=0.001) were identified as predictive
factors for pSjS-ILD (Fig. 4).

Discussion

All types of CTD may be associated with ILD, with
inflammatory processes arising from genetic, environ-
mental, and autoimmune factors, leading to damage to
the alveoli and pulmonary arteries [7]. One hypothesis
posits that inflammation and epithelial damage stimu-
late an increase in fibroblasts and myofibroblasts, lead-
ing to extracellular matrix deposition and fibrosis [8—10].
Another hypothesis suggests that damage to alveolar cells
induces the production of autoantibodies, thereby accel-
erating autoimmunity [11, 12]. This second hypothesis
may explain why ILD often precedes the clinical mani-
festations of CTD. Pulmonary manifestations of certain
CTDs may precede the onset of typical clinical symp-
toms by as much as five years [13], complicating diagno-
sis prior to the emergence of these hallmark signs. Some
CTD-ILDs progress rapidly and may become life-threat-
ening without timely treatment, as observed for PM/
DM-ILD [14, 15]. Additionally, different types of CTD
treatment, such as the application of steroids to treat
SSc patients, may cause renal cortical crisis, but for the
treatment of PM/DM-ILD or SLE-ILD, the early selec-
tion of appropriate means to improve patient treatment
and prognosis is necessary. Selecting appropriate treat-
ment methods as early as possible is essential for effec-
tive treatment [16]. Furthermore, patients may initially
be evaluated by a general practitioner rather than a rheu-
matologist before the typical clinical symptoms manifest.
In summary, it is essential to develop diagnostic methods
that extend beyond traditional clinical symptoms and
signs. Given the invasive nature of lung biopsies, HRCT
has increasingly emerged as an effective alternative for
the evaluation of CTD-ILD. Advances in technology have
made quantitative CT imaging assessments more objec-
tive and precise. Owing to the multisystemic and com-
plex nature of CTD, relying on quantitative assessments
alone is challenging. In this study, we opted to combine
visual assessment with quantitative CT, integrating the
subjective expertise of human evaluators with the preci-
sion of technological tools to enhance the diagnosis of
CTD-ILD.

In this study, NSIP was identified as the most prevalent
pattern of CTD-ILD [17, 18], followed by UIP, which is
consistent with previous findings [18]. Through inter-
group comparisons, this study revealed a bias in the pat-
terns associated with different CTD-ILDs. For example,
individuals with RA exhibit a preference for the UIP
pattern, possibly due to the more pronounced fibrotic
changes associated with RA [18]. However, while UIP
is often reported in RA patients, NSIP remains the pre-
dominant HRCT pattern, which may be attributed to
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diagnostic overlap with other CTDs, resulting in a higher
frequency of the NSIP pattern [18]. OP is more preva-
lent among patients with PM/DM, whereas LIP is typi-
cally more common among patients with pSjS, which is
consistent with previous research [13, 19]. Previous stud-
ies have indicated that SSc predominantly exhibits NSIP
patterns, and this study revealed a similar trend [20].
However, the findings were not statistically significant,
potentially due to the small sample size of SSc patients.

Previous studies have demonstrated a higher incidence
of ILD in patients with RA. In a study that involved a
nearly 20-year follow-up, 3% of patients developed ILD
prior to the onset of RA, whereas 12% developed ILD
during the follow-up period [21]. Furthermore, the lit-
erature indicates that ILD is a leading cause of increased
mortality among RA patients [22]. A multicenter study
on RA-ILD indicated that 9.4% of patients succumb to
ILD as a direct consequence of the disease [23]. Given
the high mortality rate associated with RA-ILD, early
diagnosis and proactive management are essential. This
study revealed that the onset of RA-ILD typically occurs
predominantly in patients in their 60s, which is consis-
tent with findings from prior studies [24]. In terms of
HRCT manifestations, RA-ILD often presents with a
UIP pattern, and previous studies have shown that UIP
is a risk factor for mortality in RA-ILD patients [25, 26].
Additionally, the distribution of lesions in the RA group
was predominantly subpleural, which may also indicate
that UIP is a common pattern. Additionally, this study
revealed that bronchiectasis, the absence of esophageal
dilation, and a more extensive honeycombing pattern
are common HRCT manifestations of RA-ILD. Nota-
bly, bronchiectasis and the extent of honeycombing
serve as significant predictors, indicating that fibrotic
changes that occur in RA-ILD are more severe than those
observed in other forms of CTD-ILD. It is worth noth-
ing that this study focused on patients with CTD-ILD
that can be definitively classified; however, in the clinic, a
subset of patients may present only with interstitial lung
abnormalities in the initial phase, and previous studies
have shown that 57% of patients with RA-ILA will experi-
ence radiographic progression within 1.5 years [27].

The presence of pSjS may be linked to both neoplas-
tic and nonneoplastic proliferation of lymphoid tissues;
therefore, greater vigilance is essential for patients with
pSjS, particularly those lacking typical clinical symptoms
but exhibiting suggestive findings on imaging [28]. HRCT
revealed pulmonary abnormalities in 50% of patients with
pSjS [29]. In this study, significant HRCT manifestations
included enlarged mediastinal lymph nodes, thin-walled
cysts, and the absence of esophageal dilation. Logistic
regression analysis revealed that mediastinal lymph node
enlargement and thin-walled cysts were significant pre-
dictors of pSjS. pSjS is a systemic lymphoplasmacytic
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infiltrative disease, and it frequently causes enlargement
of mediastinal lymph nodes in both the mediastinum and
other body regions. However, the clinical significance of
mediastinal lymph node enlargement may be ambigu-
ous, potentially indicating systemic lymphoplasmacytic
inflammation or mediastinal lymphoma [30]. Addition-
ally, some patients may present with cystic lung lesions,
including amyloidosis, pulmonary lymphoma, and LIP
[30]. Although LIP is not the most common HRCT mani-
festation pattern in pSjS, it is recognized to correlate with
the condition. Furthermore, the association between
LIP and amyloidosis—characterized by multiple irregu-
lar nodules on HRCT—is well documented. Given that
patients with pSjS are at increased risk of developing pul-
monary lymphoma, the presence of LIP alongside mul-
tiple nodules on HRCT should prompt the consideration
of a neoplastic process [31, 32]. A small review of CT
manifestations in five patients with lymphoma (inciden-
tal amyloidosis) identified lung nodules of varying sizes
and irregularities, as well as multiple cysts [31]. However,
this study did not find statistically significant differences
in the presence of intrapulmonary nodules among the
groups, likely due to the exclusion of patients with pul-
monary lymphoma.

In SSc, lung lesions are common and often severely
affect organ function; these lesions are characterized
primarily by ILD and pulmonary hypertension, which
are leading causes of mortality in SSc patients [33]. The
most prevalent HRCT pattern observed was NSIP [20];
however, the prevalence of NSIP was not statistically sig-
nificant in this study, although it was present in 68.8%
of SSc-ILD patients, which is consistent with trends
observed in previous research. The occurrence of esoph-
ageal dilation was found to be statistically significant
(p<0.001), which was attributed to the proliferation of
submucosal fibrous tissue and atrophy of the muscularis
propria in the esophagus. This feature is a more specific
manifestation of SSc than other CTD-ILDs. Previous
studies have indicated that the prevalence of SSc compli-
cated by pulmonary hypertension is approximately 34.8%
[34], representing the highest rates among CTDs. In the
present study, 37.5% of patients presented with widened
pulmonary trunks, and this is a slightly greater propor-
tion than reported in earlier studies. This discrepancy
may have occurred because patients in the present study
were not subjected to right-sided heart catheterization
for accurate measurements but were classified on the
basis of the width of the pulmonary trunks (with widen-
ing defined as a pulmonary trunk width of >29 mm [6]),
which is a method that involves a certain degree of error.

In the present study, post hoc tests revealed a signifi-
cantly earlier age of onset in the PM/DM group than in
the RA group, with 56.3% of patients experiencing onset
between the ages of 30 and 50 years. Therefore, younger
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patients with ILD should be aware of the possibility of
PM/DM development. PM/DM is the most prevalent
type of disease observed in OP, which is consistent with
findings from previous studies [3]. Additionally, previ-
ous research has shown that lung involvement is rare and
much less common in patients with SLE than in those
with other CTDs and most often presents as a result of
plasmapheresis [3]. In this study, 50% of the SLE patients
were found to have pericardial effusion, and 16.7% had
pleural effusion. However, owing to the small sample size
of SLE patients, these findings did not reach statistical
significance.

In this study, among the CTD-ILD groups with honey-
combing as the primary manifestation, RA was the most
common, and this group had a greater extent of honey-
combing. This finding indicates that RA is associated
with more severe fibrosis, further confirming that UIP
is the most prevalent HRCT manifestation of RA-ILD.
The predominant manifestation of reticulation is more
commonly observed in PM/DM patients and less com-
monly in RA patients, whereas consolidation is the pre-
dominant manifestation that is more frequently observed
in PM/DM patients. However, no statistically signifi-
cant difference was found in the extent of reticulation or
consolidation. In this study, we did not utilize the tradi-
tional five-step method [35] to score the extent of lesions;
instead, we precisely quantified the lesion extent through
quantitative CT analysis of multiple ROIs. By combining
visual assessment with quantitative CT, we leveraged the
extensive experience and knowledge of clinicians to iden-
tify signs that may not be quantifiable as well as other
systemic chest signs, such as esophageal dilation. Objec-
tive and standardized measurements were performed via
advanced image analysis software for those aspects suit-
able for quantification, aiming to explore valuable predic-
tive indices in CTD-ILD.

This study has several limitations. First, this was a ret-
rospective study, the clinical diagnoses relied on mul-
tidisciplinary consultations, and there was a lack of
pathological evidence. Second, the sample size of this
study was small, and logistic regression analysis was not
performed for the SSc, PM/DM, and SLE groups, which
limited the ability to generate significant predictive
indices.

Conclusion

The presence of bronchiectasis and extensive honey-
combing were significant in the RA group, indicating a
more severe degree of fibrosis compared with the other
groups, and fibrosis primarily was characterized by a
honeycomb pattern. The presence of thin-walled cysts
and enlarged mediastinal lymph nodes in the pSjS group
were significant predictors, highlighting the distinctive
pattern of LIP and the proliferation of lymphoid tissues
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in patients with pSjS. Esophageal dilatation was a char-
acteristic feature in the SSc group, distinguishing it from
other CTD-ILD types. Compared with the other groups,
the PM/DM group had a younger age of onset, with OP
being its distinctive pattern. Owing to these characteris-
tic findings, the combined assessment of visual methods
and quantitative CT analysis is clinically relevant for the
accurate diagnosis of different types of CTD-ILD.
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