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Abstract
Objective This retrospective clinical study aimed to examine the similarities and differences between connective tissue disease–
associated interstitial lung disease (CTD-ILD) and interstitial pneumonia with autoimmune features (IPAF) and to identify the
influencing factors of CTD-ILD, with a goal of early detection and active treatment of the disease.
Methods We conducted a retrospective study of 480 patients: 412 with CTD-ILD and 68 with IPAF. Demographic features,
clinical characteristics, laboratory indicators, and chest high-resolution computed tomography (HRCT) imaging data were
analyzed.
Results Compared with the IPAF group, the CTD-ILD group contained more women, and the incidences of joint pain, dry
mouth/dry eyes, and Raynaud’s phenomenon were higher; erythrocyte sedimentation rate (ESR) and D-dimer levels were higher;
red blood cell (RBC) and hemoglobin (Hb) levels were lower; a high rheumatoid factor (RF) titer (> 2 times the normal upper
limit) was observed, and anti-cyclic citrullinated peptide antibody (anti-CCP), anti-keratin antibody (AKA), antinuclear antibody
(ANA), and anti-melanoma differentiation-associated gene 5 antibody (anti-MDA5) levels were higher. Compared with CTD-
ILD patients, IPAF patients were more likely to present initially with respiratory symptoms, with higher rates of fever, cough and
expectoration, dyspnea, and Velcro crackles; anti-Ro52 titers were higher; incidences of honeycombing opacity, reticulate
opacity, patchy opacity, and pleural thickening were greater. Female sex, a high RF titer (> 2 times the normal upper limit),
anti-CCP positivity, ANA positivity, and anti-MDA5 positivity were risk factors for CTD-ILD when the odds ratios were
adjusted.
Conclusion CTD-ILD and IPAF patients differed in demographic features, clinical characteristics, laboratory indicators, and
chest HRCT imaging data. Female sex, a high RF titer (> 2 times the normal upper limit), anti-CCP positivity, ANA positivity,
and anti-MDA5 positivity were risk factors for CTD-ILD.

Key Points
• This retrospective clinical study comprehensively compared the demographic features, clinical characteristics, laboratory indicators, and chest HRCT

imaging data of CTD-ILD and IPAF patients.
• The evidence suggested that female sex, a high RF titer, anti-CCP positivity, ANA positivity, and anti-MDA5 positivity were risk factors for CTD-ILD.

Keywords Autoantibodies . Connective tissue disease . Interstitial lung disease . Interstitial pneumonia with autoimmune
features . Rheumatic immune disease

Introduction

Connective tissue disease (CTD) is an autoimmune disease
characterized by autoimmune-mediated organ damage that af-
fects multiple systems [1, 2]. When CTD involves the respi-
ratory system, it can lead to interstitial lung disease (ILD),
pleural disease, airway disease, vascular disease, and lympho-
proliferative disease [2–4], with ILD the most common [5].
ILD is one of the most prominent clinical features of CTD [6].
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CTD is closely related to ILD. ILD caused by CTD is referred
to as connective tissue disease–associated interstitial lung dis-
ease (CTD-ILD), which occurs in patients who are diagnosed
with both CTD and ILD [7]. The prevalence of ILD caused by
CTD ranges from 12.4 to 67.1% [8, 9]. ILD is among the
leading causes of mortality in patients with CTD. A study
[10] showed a survival rate of only 43.4% within 5 years after
diagnosis of ILD in CTD patients. Therefore, timely diagnosis
and treatment of ILD are important for CTD patients’ progno-
sis [11].

ILD is a diffuse lung disease with varying degrees of
inflammation and fibrosis in the interstitial region of the
lung [7]. The causes of ILD include CTD, pulmonary
infection, inhalation lung injury, environmental expo-
sure, tobacco smoke, genetic disorders, and drugs [12,
13]. The most common cause is CTD [13], which can
occur in the form of systemic sclerosis (SSc), primary
Sjögren’s syndrome (pSS), rheumatoid arthritis (RA),
polymyositis/dermatomyositis (PM/DM), mixed connec-
tive tissue disease (MCTD), systemic lupus erythemato-
sus (SLE), undifferentiated connective tissue disease
(UCTD), ant i -neutrophi l cytoplasmic ant ibody-
associated vasculitis (ANCA-associated vasculitis), etc.
[12]. In general, the relationship between CTD and
ILD can be categorized in three groups: (1) ILD occurs
in patients with confirmed CTD. (2) ILD is the first
manifestation of CTD; about 15% of patients with
CTD-ILD are first diagnosed with ILD, or ILD is the
only manifestation of CTD, with patients possibly hav-
ing only ILD symptoms within 5 years after diagnosis
of CTD [2, 3, 14, 15]. (3) ILD that has some autoim-
mune functions but does not meet the established CTD
criteria was recently defined as interstitial pneumonia
with autoimmune features (IPAF) [16].

IPAF [17] was defined by the European Respiratory
Society and the American Thoracic Society (ERS/ATS) in
2015 as diseases characterized by idiopathic interstitial pneu-
monia in radiology or pathology, as well as autoimmunity
without the confirmed criteria of CTD. The classification
criteria of IPAF [18] are as follows: (1) High-resolution com-
puted tomography (HRCT) or pulmonary biopsy confirming
the presence of interstitial pneumonia. (2) Exclusion of other
known causes. (3) Does not meet criteria of defined CTD. (4)
At least one feature from two of the following domains: clin-
ical, serologic, or morphologic.

In this study, we retrospectively studied 480 patients.
The demographic features, clinical characteristics, labo-
ratory indicators, and chest HRCT imaging data of
CTD-ILD and IPAF patients were analyzed to determine
the similarities and differences between the diseases,
and to identify CTD-ILD risk factors, to help clinicians
detect and diagnose the disease early, thereby improving
prognosis and delaying progression.

Patients and methods

Clinical information

Inpatients with the diagnosis of CTD-ILD or IPAF in the
Department of Rheumatology and Immunology of the
Second Affiliated Hospital of Chongqing Medical
University from January 2016 to January 2019 were selected
in this study. Excluded were patients with confirmed and
suspected pulmonary infections, lung tumors, asthma, tuber-
culosis, environmental exposure, and other known causes of
ILD. All 480 patients were aware of and agree to participate in
the study and gave written consent for their data to be statis-
tically analyzed. The diagnosis of CTD patients compliedwith
the criteria established byAmerican College of Rheumatology
[19–21]. The diagnosis of ILD patients complied with the
criteria established by the Irish Thoracic Society and the
Thoracic Society of Australia and New Zealand in 2009
[22]. The diagnosis of IPAF patients complied with the clas-
sification criteria established by ERS/ATS in 2015 [18].

Clinical, serological, and imaging data

Patient history, clinical characteristics, laboratory indicators,
and imaging data were derived from patients’medical records
during the first clinical consultation. All patients completed a
chest HRCTexamination. HRCTclassification complied with
criteria established by ERS/ATS in 2002. All relevant reports
were independently analyzed by two radiologists and a rheu-
matologist. Controversial cases were discussed. Imaging fea-
tures were evaluated as honeycombing opacity, cystic opacity,
reticulate opacity, patchy opacity, ground-glass opacity, trac-
tion bronchiectasis, and pleural thickening. Imaging classifi-
cations were non-specific interstitial pneumonia (NSIP), usual
interstitial pneumonia (UIP), desquamative interstitial pneu-
monia (DIP), cryptogenic organizing pneumonia (COP), acute
interstitial pneumonia (AIP), and lymphocytic interstitial
pneumonia (LIP).

Statistics

Measurement data that conformed to normal distributions
were analyzed by independent sample t test and expressed as
mean ± standard deviation. Continuous non-normally distrib-
uted data were analyzed by Mann-Whitney U test and
expressed as the median (first quartile, third quartile).
Categorical variables were analyzed by the chi-square test or
Fisher’s exact test. Results were regarded as statistically sig-
nificant when a p value was less than 0.05. All statistical
analyses were performed using the Statistical Package for
the Social Sciences (SPSS 21.0, Chicago, IL, USA).
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Results

CTD types causing ILD

A total of 480 patients were included: 412 with CTD-ILD and
68 with IPAF. The types of CTD that caused ILD and the
number of patients were RA (171, 41.5%), pSS (56, 13.6%),
PM/DM (56, 12.6%), SSc (15, 3.6%), SLE (9, 2.2%), ANCA-
associated vasculitis (6, 1.5%), MCTD (5, 1.2%), UCTD (15,
3.6%), and overlap syndrome (83, 20.1%).

Patient demographic features and clinical
characteristics

The demographic features and clinical characteristics of the
study participants are shown in Table 1. The mean age of all
patients was 60.41 ± 12.40 years. Patients with CTD-ILD had
ages similar to patients with IPAF. Compared with the IPAF
group, female sex, joint pain, dry mouth/dry eyes, and
Raynaud’s phenomenon were more common in the CTD-
ILD group (p = 0.005, p < 0.001, p < 0.001, p < 0.001), which
indicates that female ILD patients with those symptoms were
more prone to be CTD-ILD. Compared with the CTD-ILD
group, IPAF patients experienced higher rates of initial respi-
ratory manifestations, fever, dyspnea, cough and expectora-
tion, and Velcro crackles (all p < 0.001). Symptoms of
Raynaud’s phenomenon and extremities ulcers were not seen
in IPAF patients.

Laboratory indicators

Laboratory indicators for the two groups are presented in
Table 2. Erythrocyte sedimentation rate (ESR) (p = 0.001),
D-dimer (p = 0.002), red blood cell (RBC) (p = 0.001), and
hemoglobin (Hb) (p = 0.001) levels were significantly more
abnormal in the CTD-ILD group compared to the IPAF group.
We found no difference in the levels of fibrinogen (Fib), c-
reactive protein (CRP), white blood cell (WBC), platelet
(PLT), alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), albumin (ALB), blood urea nitrogen (BUN),
serum creatinine (Scr), creatine kinase (CK), or lactate dehy-
drogenase (LDH).

Antibody positivity

Table 3 shows the positive detection of antibodies for the two
groups. Compared to the IPAF group, the CTD-ILD group
had a higher RF titer (> 2 times the normal upper limit) (p <
0.001) and more abnormal levels of anti-cyclic citrullinated
peptide antibody (anti-CCP) (p < 0.001), anti-keratin antibody
(AKA) (> 1:10) (p = 0.008), antinuclear antibody (ANA) (≥
1:320) (p < 0.001), and anti-melanoma differentiation–
associated gene 5 antibody (anti-MDA5) (p = 0.002).
Positivity for anti-Ro52 was higher in the IPAF group than
the CTD-ILD group (p = 0.003). There was no difference in
positivity for anti-ds-DNA, anti-RNP/Sm, anti-Sm, anti-SSB,

Table 1 Analysis of demographic features and clinical characteristics in patients with CTD-ILD and IPAF

Demographic features and clinical characteristics Overall (n = 480) CTD-ILD (n = 412) IPAF (n = 68) p value

Age (years), mean ± standard 60.41 ± 12.40 60.47 ± 12.48 60.07 ± 11.99 NS

Female sex, n (%) 318 (66.3) 283 (68.7) 35 (51.5) 0.005*

Initial respiratory manifestations, n (%) 128 (26.7) 69 (16.7) 59 (86.8) < 0.001*

Fever, n (%) 38 (7.9) 25 (6.1) 13 (19.1) < 0.001*

Cough and expectoration, n (%) 204 (42.5) 144 (35.0) 60 (88.2) < 0.001*

Dyspnea, n (%) 160 (33.3) 107 (26.0) 53 (77.9) < 0.001*

Joint pain, n (%) 325 (67.7) 307 (74.5) 18 (26.5) < 0.001*

Dry mouth/dry eyes, n (%) 169 (35.2) 158 (38.3) 11 (16.2) < 0.001*

Sensitivity to light, n (%) 19 (4.0) 14 (3.4) 5 (7.4) NS

Mouth ulcers, n (%) 38 (7.9) 37 (9.0) 1 (1.5) NS

Raynaud’s phenomenon, n (%) 74 (15.4) 74 (18.0) 0 (0.0) < 0.001*

Gottron sign, n (%) 51 (10.6) 46 (11.2) 5 (7.4) NS

Mechanic’s hands, n (%) 25 (5.2) 24 (5.8) 1 (1.5) NS

Hard skin, n (%) 31 (6.5) 27 (6.6) 4 (5.9) NS

Hard fingers, n (%) 24 (5.0) 21 (5.1) 3 (4.4) NS

Extremities ulcers, n (%) 16 (3.3) 16 (3.9) 0 (0.0) NS

Velcro crackles, n (%) 199 (41.5) 143 (34.7) 56 (82.4) < 0.001*

p < 0.05 was considered significant

NS no statistical significance

*Statistical significance
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Table 2 Analysis of laboratory indicators in patients with CTD-ILD and IPAF

Laboratory indicators median
(first quartile, third quartile)

CTD-ILD (n = 412) IPAF (n = 68) Z p value

ESR (mm/H) 41 (22–73) 30 (11.75–45) − 3.392 0.001*

D-dimer (mg/L) 0.1 (0.1–0.3) 0.1 (0.1–0.1) − 3.085 0.002*

Fib (g/L) 4.13 (3.45–5.47) 4.35 (3.45–5.17) − 0.080 NS

CRP (mg/L) 7.97 (5.00–31.38) 5.00 (5.00–17.60) − 1.644 NS

WBC (× 109/L) 6.48 (4.99–8.70) 6.98 (5.72–8.87) − 1.911 NS

RBC (× 1012/L) 4.03 (3.69–4.41) 4.23 (3.97–4.64) − 3.220 0.001*

Hb (g/L) 118 (108–130) 127.5 (117–139.25) − 3.355 0.001*

PLT (× 109/L) 212 (154–273) 210.5 (173.5–254) − 0.242 NS

ALT (U/L) 19 (12–30) 18 (12–30.75) − 0.364 NS

AST (U/L) 22 (17–33) 20.5 (17–29) − 0.725 NS

ALB (g/L) 36.40 (32.58–40.20) 36 (32.85–39.60) − 0.086 NS

BUN (mmol/L) 5.22 (4.11–6.58) 5.63 (4.59–6.57) − 1.303 NS

Scr (umol/L) 57.40 (46.60–68.38) 60.50 (52.78–78.90) − 1.675 NS

CK (U/L) 56 (37.00–95.25) 54 (36.75–100.25) − 0.859 NS

LDH (U/L) 198 (166.75–266) 241.50 (177.50–307) − 1.257 NS

p<0.05 was considered significant

ESR erythrocyte sedimentation rate, Fib fibrinogen, CRP C-reactive protein,WBC white blood cell, RBC red blood cell, Hb hemoglobin, PLT platelet,
ALT alanine aminotransferase, AST aspartate aminotransferase, ALB albumin, BUN blood urea nitrogen, Scr serum creatinine, CK creatine kinase, LDH
lactate dehydrogenase, NS no statistical significance

*Statistical significance

Table 3 Analysis of antibody positivity in patients with CTD-ILD and IPAF

Serum indicators Overall (n = 480) CTD-ILD (n = 412) IPAF (n = 68) p value

RF (> 2 times the normal upper limit), n (%) 186 (38.8) 183 (44.4) 3 (4.4) < 0.001*

Anti-CCP positive, n (%) 175 (36.5) 171 (41.5) 4 (5.9) < 0.001*

AKA positive (> 1:10), n (%) 33 (6.9) 33 (7.0) 0 (0.0) 0.008*

ANA positive (≥ 1:320), n (%) 148 (30.8) 141 (34.2) 7 (10.3) < 0.001*

Anti-ds-DNA positive, n (%) 28 (5.8) 26 (6.3) 2 (2.9) NS

Anti-RNP/Sm positive, n (%) 47 (9.8) 45 (10.9) 2 (2.9) NS

Anti-Sm positive, n (%) 12 (2.5) 9 (2.2) 3 (4.4) NS

Anti-Ro52 positive, n (%) 189 (39.4) 151 (36.7) 38 (55.9) 0.003*

Anti-SSB positive, n (%) 34 (7.1) 33 (8.0) 1 (1.5) NS

Anti-centromere positive, n (%) 20 (4.2) 20 (4.9) 0 (0.0) NS

Anti-Scl70 positive, n (%) 30 (6.3) 27 (6.6) 3 (4.4) NS

Anti-nucleosome positive, n (%) 20 (4.2) 18 (4.4) 2 (2.9) NS

Anti-MDA5 positive, n (%) 39 (33.3), n = 117 32 (43.8), n = 73 7 (15.9), n = 44 0.002*

Anti-synthetase positive, n (%) 34 (29.1), n = 117 21 (28.8), n = 73 13 (29.5), n = 44 NS

Anti-SRP positive, n (%) 12 (10.3), n = 117 10 (13.7), n = 73 2 (4.5), n = 44 NS

p < 0.05 was considered significant

RF rheumatoid factor, Anti-CCP anti-cyclic citrullinated peptide antibody, AKA anti-keratin antibody, ANA antinuclear antibody, anti-ds-DNA anti-
double stranded DNA antibody, anti-RNP/Sm anti-ribonucleoprotein/Smith antibody, anti-Sm anti-Smith antibody, anti-Ro52 anti-Ro52 antibody, anti-
SSB anti-Sjögren’s syndrome-related antigen B, anti-centromere anti-centromere antibody, anti-Scl70 anti-Scl70 antibody, anti-nucleosome anti-
nucleosome antibody, anti-MDA5 antibody anti-melanoma differentiation-associated gene 5 antibody, anti-synthetase anti-synthetase antibody, anti-
SRP antibody anti-signal recognition particle antibody, NS no statistical significance

*Statistical significance
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anti-centromere, anti-Scl-70 antibody, anti-nucleosome, anti-
synthetase, and anti-SRP between the two groups.

Chest HRCT imaging data

The chest HRCT imaging data of these patients are shown in
Table 4. In the two groups, patchy opacity was the most fre-
quently observed feature, followed by pleural thickening and
reticulate opacity. A UIP pattern was the most common imag-
ing classification observed in the two groups. However, there
was no significant difference between the two groups in the
image characteristics, except for honeycombing opacity (p <
0.001), reticulate opacity (p = 0.035), patchy opacity (p <
0.001), and pleural thickening (p = 0.015).

Risk factors for CTD-ILD

Based on the data presented in Tables 1, 2, 3, and 4, we used
relatively significant variables to analyze independent risk
factors for CTD-ILD using binary logistic regression
(Table 5). Female sex (adjusted OR [95% CI] 2.940 (1.462–
5.913), p = 0.002), a high RF titer (> 2 times the normal upper
limit) (adjusted OR [95% CI] 7.071 (1.938–25.797), p =
0.003), anti-CCP positivity (adjusted OR [95% CI] 5.435
(1.711–17.271), p = 0.004), ANA positivity (adjusted OR
[95% CI] 4.924 (1.804–13.437), p = 0.002), and anti-MDA5
positivity (adjusted OR [95% CI] 6.771 (2.030–22.221), p =
0.002) were risk factors for CTD-ILD.

Discussion

CTD often involves the respiratory system and can lead to
ILD. ILD is often the first clinical manifestation of CTD and
a factor in the poor prognosis of CTD [2, 8, 14]. Our results
showed that the CTD-ILD group contained more women than
the IPAF group. The age distribution was similar between the
two groups, and the age of onset was around 60 years (CTD-
ILD group 60.47 ± 12.48 years; IPAF group 60.07 ± 11.99
years). The clinical manifestations of the two groups were
similar, but the incidences of joint pain, dry mouth/dry eyes
and Raynaud’s phenomenon were higher in CTD-ILD pa-
tients than the IPAF patients (all p < 0.001). Compared with
the CTD-ILD group, the IPAF group was more likely to pres-
ent initially with respiratory manifestations, including cough
and expectoration, dyspnea, and a high incidence of Velcro
crackles (all p < 0.001). We believe this is because lung symp-
toms and signs, relative to other symptoms, tend to be more
prominent in patients with IPAF [10]. Therefore, clinicians
must evaluate extrapulmonary clinical symptoms and signs
when identifying CTD-ILD and IPAF. When patients have
extrapulmonary manifestations, clinicians should try to find
the cause of ILD and determine whether CTD exists.

This study found that the CTD-ILD group had faster ESR
(p = 0.001), higher D-dimer (p = 0.002), lower RBC (p =
0.001), and lower Hb (p = 0.001) levels than the IPAF group.
ESR reflects the severity of systemic inflammatory condi-
tions, and D-dimer is involved in the acute phase of inflam-
mation [23]. These indicators reflect inflammation in the body

Table 4 Analysis of chest HRCT
in patients with CTD-ILD and
IPAF

Chest HRCT Overall (n = 480) CTD-ILD (n = 412) IPAF (n = 68) p value

Honeycombing opacity, n (%) 65 (13.5) 46 (11.2) 19 (27.9) < 0.001*

Cystic opacity, n (%) 111 (23.1) 95 (23.1) 16 (23.5) NS

Reticulate opacity, n (%) 178 (37.1) 145 (35.2) 33 (48.5) 0.035*

Patchy opacity, n (%) 287 (59.8) 233 (56.6) 54 (79.4) < 0.001*

Ground-glass opacity, n (%) 148 (30.8) 126 (30.6) 22 (32.4) NS

Traction bronchiectasis, n (%) 16 (3.3) 12 (2.9) 4 (5.9) NS

Pleural thickening, n (%) 259 (54.0) 213 (51.7) 46 (67.6) 0.015*

NSIP, n (%) 147 (30.6) 129 (31.3) 18 (26.5) NS

UIP, n (%) 180 (37.5) 154 (37.4) 26 (27.9) NS

DIP, n (%) 30 (6.25) 26 (6.3) 4 (5.9) NS

COP, n (%) 27 (5.6) 24 (5.8) 3 (4.4) NS

AIP, n (%) 1 (0.2) 1 (0.2) 0 (0.0) NS

LIP, n (%) 32 (6.7) 24 (6.3) 8 (11.8) NS

NSIP + COP, n (%) 34 (7.1) 30 (7.3) 4 (5.9) NS

NSIP + UIP, n (%) 29 (6.0) 24 (5.3) 5 (7.4) NS

p < 0.05 was considered significant

NSIP non-specific interstitial pneumonia, UIP usual interstitial pneumonia, DIP desquamative interstitial pneu-
monia, COP cryptogenic organizing pneumonia, AIP acute interstitial pneumonia, LIP lymphocytic interstitial
pneumonia, NS no statistical significance

*Statistical significance
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[24, 25]. In the acute phase of disease, CTD-ILD may affect
organ systems due to autoimmune reactions, increasing the
systemic inflammatory response compared to IPAF patients
and causing faster ESR and higher D-dimer levels. Studies
[26–30] show that CTD can cause iron deficiency anemia
and autoimmune hemolytic anemia, resulting in decreased
RBC and Hb levels. ESR, D-dimer, RBC, and Hb are relative-
ly simple and inexpensive clinical indicators and should be
used by clinicians to determine if CTD exists in ILD patients
in cases of early changes.When these indicators are abnormal,
for early diagnosis and treatment, clinicians need to be alert
about whether ILD is a manifestation of CTD.

Our report showed that a high RF titer (> 2 times the nor-
mal upper limit), anti-CCP positivity, AKA positivity, and
ANA positivity were significantly higher in the CTD-ILD
group compared to the IPAF group. Our analysis indicated
that a high RF titer (> 2 times the normal upper limit) (adjusted
OR [95% CI] 7.07 1 (1.938-25.797), p = 0.003), anti-CCP
positivity (adjusted OR [95% CI] 5.435 (1.711-17.271), p =
0.004), and ANA positivity (adjusted OR [95% CI] 4.924
(1.804-13.437), p = 0.002) were risk factors for CTD-ILD
after adjusting for other variables at baseline. RF, anti-CCP
antibody, and AKA are key factors in RA diagnosis [31]. In
this study, RA-ILD patients accounted for a high proportion
(41.5%) of study participants; we concluded that a high RF
titer (> 2 times the normal upper limit), anti-CCP antibody
positivity, and AKA positivity were high risk factors for
CTD-ILD. Further studies with larger sample sizes are re-
quired to confirm these findings. Previous research [32] found
that 95.7% of ILD patients with autoimmune features and
89.1% of other ILD patients have detectable autoantibodies,
suggesting that the lungs may be involved in autoimmunity.
Some scholars [7] suggested that the association of the lungs
with autoimmunity may be due to local inflammation of the
lungs, inducing the express ion of autoant igens.
Autoantibodies in the lungs bind to antigen, causing lung in-
flammation that aggravates and eventually leads to pulmonary
fibrosis. This mechanism clarifies why anti-CCP antibody
was detected in the serum of RA patient years before symptom
onset [33]. It also explained why anti-CCP positivity increases
ILD risk in RA patients [34]. Gudrun Reynisdottir et al. [35]
found that common citrullination targets are present in the

lungs and joints of RA patients, demonstrating that anti-CCP
antibody is associated with the lungs and joints. This finding
not only explains why the incidence of joint pain in patients
with CTD-ILD was higher than in patients without pulmonary
involvement [36], but it also explains why a higher incidence
of anti-CCP positivity in patients was associated with higher
incidence of joint pain. This finding is consistent with our
results—the incidences of anti-CCP positivity and joint pain
were higher in the CTD-ILD group compared to the IPAF
group. This result may also be because CTD-ILD was in the
active phase of CTD, and clinical manifestations were more
obvious. We also found that ANA positivity was a risk factor
for CTD-ILD, consistent with another study [37], showing
that ANA is a characteristic laboratory indicator for most
CTD patients. In conclusion, patients with CTD who have a
high RF titer (> 2 times the normal upper limit), anti-CCP
positivity, AKA positivity, and ANA positivity need to be
screened for ILD. Patients with ILD who have a high RF titer
(> 2 times the normal upper limit), anti-CCP positivity, AKA
positivity, and ANA positivity need to be studied to find the
cause of ILD.

According to our study, positivity for anti-Ro52 was sig-
nificantly higher in the IPAF group compared to the CTD-ILD
group (p = 0.003). Marie I et al. [38] reported that anti-Ro52
positivity is associated with cough symptoms, consistent with
the conclusion that IPAF is more likely to manifest initially as
respiratory symptoms. The report also showed that anti-Ro52
is prone to exhibiting acute symptomatic ILD and lead to
progressive deterioration of ILD with increased mortality.
Another study [39] indicated that patients with anti-Ro52
and anti-Jo-1 double positivity are more severe than patients
with anti-Jo-1 single positivity. Our previous report [40] found
that patients with anti-Ro52 and anti-MDA5 double positivity
have a worse prognosis than patients with anti-MDA5 single
positivity. The studies [38–40] demonstrated that anti-Ro52
antibody may be related to the severity of ILD. Therefore,
when we find clinically anti-Ro52 positivity but undefined
CTD, a chest HRCT is crucial for early detection of lung
lesions.

Our results showed that anti-MDA5 positivity in the CTD-
ILD group was significantly higher than in the IPAF group (p
= 0.002), and anti-MDA5 positivity was a risk factor for CTD-

Table 5 Risk factors for
CTD-ILD Risk factors β Odds ratio (95% CI) p value

Female sex 1.078 2.940 (1.462–5.913) 0.002*

RF (> 2 times the normal upper limit) 1.956 7.07 1 (1.938–25.797) 0.003*

Anti-CCP positivity 1.693 5.435 (1.711–17.271) 0.004*

ANA positivity (≥ 1:320) 1.594 4.924 (1.804–13.437) 0.002*

Anti-MDA5 positivity 1.905 6.717 (2.030–22.221) 0.002*

p < 0.05 was considered significant

*Statistical significance
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ILD (adjusted OR [95% CI] 6.771 (2.030–22.221), p =
0.002). Anti-MDA5 antibody is closely related to PM/DM
[41], often leading to rapid progressive interstitial pneumonia
(RP-ILD) [42], with a 6-month survival rate of only 50% and a
poor prognosis [43]. Therefore, when clinicians detect anti-
MDA5 positivity, they need to be alert to the presence or
absence of defined CTD. In addition, a chest HRCT is needed
as soon as possible for active treatment and improved
prognosis.

This report also found higher incidences of honeycombing
opacity (p < 0.001), mesh opacity (p = 0.035), patchy opacity
(p < 0.001), and pleural thickening (p = 0.015) on chest HRCT
in the IPAF group compared with the CTD-ILD group. A
previous study [44] showed that honeycombing opacities in
a UIP pattern are more common, and Oldham et al. [45] ob-
served that 54.6% of IPAF patients had UIP patterns from
chest HRCT images. These studies showed that IPAF patients
exhibited more honeycombing opacity, consistent with our
results. In conclusion, when clinicians find chest HRCT im-
ages with these features in patients with ILD, they should find
the cause of ILD and the underlying disease as soon as
possible.

This study has several limitations. First, we selected only
inpatients in the Department of Rheumatology and
Immunology, where some patients with mild symptoms were
treated by our outpatient service. There were also some pa-
tients with CTD-ILD or IPAF who were treated by the
pneumology department as they presented initially with respi-
ratory symptoms. These factors may have an impact on the
outcome. Second, this was a retrospective study that failed to
track patient prognoses. Third, this study conducted in only
one institute, which caused bias.

In conclusion, this report showed that female sex, joint
pain, dry mouth/dry eyes, Raynaud’s phenomenon, high
ESR, high D-dimer, low RBC, low Hb, high RF titer (> 2
times the normal upper limit), anti-CCP antibody positivity,
ANA positivity, and anti-MDA5 positivity were associated
with CTD-ILD. Presenting initially with respiratory manifes-
tations, fever, cough and expectoration, dyspnea, Velcro
crackles, anti-Ro52 positivity, honeycombing opacity, mesh
opacity, patchy opacity, and pleural thickening on chest
HRCT were associated with IPAF. Therefore, when patients
with rheumatic immune disease have these manifestations,
screening for ILD is necessary. In patients with ILD, clinicians
should look for rheumatic immune disease to detect and diag-
nose underlying diseases earlier. At present, few studies have
reported on the association between CTD-ILD and IPAF. In
future studies, we will increase our sample size, conduct mul-
ticenter studies, and design forward-looking research to better
guide clinical work.
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