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Objective: To investigate the clinical features, severity and prognosis of interstitial lung disease (ILD) in patients with mixed 
connective tissue disease (MCTD).
Methods: We performed a retrospective study on clinical data of MCTD patients admitted to China-Japan Friendship Hospital 
between October 2012 and October 2022. Data including long-term follow-up were retrieved from medical records. We compared 
MCTD patients with and without ILD in terms of clinical features, laboratory and imaging findings, severity and treatment 
response.
Results: A total of 59 patients were included, with a mean age of 46 years, among which 91.5% (n = 54) were females. Symptoms of 
pulmonary involvement were present in 44 patients (74.6%, 95% CI: 62.3–84.9%). Based on lung high-resolution computed 
tomography (HRCT), ILD was diagnosed in 39 (66.1%) patients, among which 31 (79.5%) showed nonspecific interstitial pneumonia 
(NSIP) as the radiological pattern, 21 (53.9%) showed a reticulation pattern, while 24 (61.5%) showed ground glass opacity (GGO). 
Eight (13.6%) patients had pulmonary arterial hypertension (PAH), and 7 (11.9%) had pleural effusions. Based on pulmonary function 
tests (PFTs), 27 patients were divided into the mild 13 (48.1%) and moderate 14 (51.9%) groups. Multivariate analysis showed that 
gastroesophageal reflux (GER; OR=5.28, p=0.010) and cough (OR=4.61, p=0.043) were the predictive factors for ILD. With a median 
follow-up of 50 months, the mortality rate was 2.38%.
Conclusion: ILD is common in MCTD patients, with NSIP as the common imaging pattern. Patients with GER and cough are 
relevant factors in the development of ILD. The majority of MCTD patients with ILD are mild to moderate in severity.
Keywords: mixed connective tissue disease, interstitial lung disease, gastroesophageal reflux

Background
Mixed connective tissue disease (MCTD) is characterized by positive anti-U1RNP (nRNP) antibodies, with Raynaud’s 
phenomenon, synovitis and myositis, and first described in 1972 by Sharp et al.1 Patients suffering from MCTD have 
several clinical features of other connective tissue diseases (CTDs), such as systemic lupus erythematosus (SLE), 
systemic sclerosis (SSc) or polymyositis/dermatomyositis (PM/DM). Lung involvement in CTD significantly contributes 
to high mortality and poor outcomes.2 In MCTD, the main manifestation of lung involvement includes interstitial lung 
diseases (ILD) and pulmonary arterial hypertension (PAH). Previous studies on different cohorts reported the prevalence 
of ILD to range from 27.4% to 78%,2–4 and showed that ILD is also a major contributor to poor prognosis in MCTD.5

Many studies described the factors associated with ILD. Narula et al demonstrated that dysphagia and Raynaud’s 
phenomenon were associated with ILD,3 while another study conducted by Fagundes et al found patients with gastro-
esophageal reflux (GER) and esophageal dilatation to be more susceptible to ILD.4 However, only a few studies 
investigated the prevalence and clinical characteristics of ILD in Chinese MCTD patients. The factors associated with 
complications in this group remain unclear.
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The objective of this study is to investigate the prevalence, clinical and radiological features as well as the severity of 
ILD in MCTD patients in China. We aim to identify associated risk factors and improve the recognition of pulmonary 
involvement in MCTD patients.

Materials and Methods
Patients
Patients admitted to the Department of Rheumatology in China-Japan Friendship Hospital between October 2012 and 
October 2022 were included in this study. We collected the clinical and laboratory data, including the age, clinical 
features, laboratory tests, pulmonary function tests (PFTs), high-resolution computed tomography (HRCT), treatment and 
follow-up from the medical records. In this study, pulmonary involvement of patients was recorded in detail including 
ILD, PAH, pleural effusion and pulmonary hypertension secondary to ILD (PH-ILD). The serological examinations 
included complete blood count, urinalysis, liver and renal function tests, electrolyte analysis, creatine kinase, anti- 
extractable nuclear antigen (ENA) spectrum, immunoglobulin levels, complement levels, rheumatoid factor, C-reactive 
protein, and tumor markers. Cardiac involvement (CI) was defined based on electrocardiography and transthoracic 
Doppler echocardiography abnormalities, including right ventricular hypertrophy, atrial enlargement and ventricular 
block. Neurological impairment (NI) included headache, limb numbness, and facial numbness as manifestations of 
trigeminal or peripheral neuropathy. GER was determined based on clinical manifestations, including gagging, panting, 
belching and dysphagia. In some cases, GER was confirmed by gastroscopy or esophagoscopy.

The inclusion criteria were as follows: (i) older than 18 years old; (ii) fulfilling either the Alarcón-Segovia or the 
Kasukawa criteria.6,7 The exclusion criteria included the following: (i) missing primary data; (ii) diagnosed with other 
CTDs at follow-up. Furthermore, patients who were diagnosed with ILD prior to their MCTD diagnosis were excluded to 
confirm that the ILD cases were directly attributable to MCTD.

The study was in line with the Declaration of Helsinki and was approved by the Research Review Committee (RRC) 
and Ethics Review Committee (ERC) of China-Japan Friendship Hospital (reference number: 2023-KY-345). All patient 
data were used anonymously, and the written informed consent for patients was waived for this retrospective study.

ILD Assessment
ILD was defined as having evidence of ground-glass attenuations, consolidations, reticulations and/or honeycombing noted 
on HRCT as well as restrictive impairments in the lung function examinations. All pulmonary HRCT for the diagnosis of 
ILD were independently reviewed by an experienced radiologist and a rheumatologist. HRCT presentations are classified 
into usual interstitial pneumonia (UIP), organizing pneumonia (OP), nonspecific interstitial pneumonia (NSIP), respiratory 
bronchiolitis (RB), desquamative interstitial pneumonia (DIP) and diffuse alveolar damage (DAD).8 As recommended by 
the American Thoracic Society/European Respiratory Society,9 the classification of ILD using CT imaging involves 
honeycombing, reticulation, ground glass opacity (GGO), traction bronchiectasis (TB), interlobular septal thickening 
(IST) and airspace consolidation. In some cases, lung biopsy results corroborating ILD, were also recorded.

Pulmonary Function Tests
PFTs were performed within 4 weeks after the corresponding HRCT. The tested variables included the forced vital 
capacity (FVC), forced expiratory volume in one second (FEV1), the ratio of FEV1 to FVC (FEV1/FVC) and the 
diffusing capacity of the lung for carbon monoxide (DLCO). According to a consensus from the American Thoracic 
Society (ATS) on Idiopathic Pulmonary Fibrosis,10 an absolute decline or increase in FVC of >5% or in DLCO of >10% 
within 1 year is considered as ILD progression or improvement, respectively. Conversely, a decrease or increase in FVC 
of <5% or in DLCO of <10% is defined as stable disease. Hence, the patients were divided into 3 groups based on the 
initial PFT values: mild group (FVC > 75% and DLCO > 55%), moderate group (FVC between 50–75% or DLCO 
between 35–55%) and severe group (FVC < 50% and DLCO < 35%).11,12
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Transthoracic Doppler Echocardiography
Transthoracic Doppler echocardiography (TTDE) was conducted for the assessment of cardiac structure and function. 
According to previous studies and the 2022 ESC/ERS guidelines for pulmonary arterial hypertension,13,14 PAH is defined 
as a mean pulmonary artery pressure of > 20 mmHg at right heart catheterization or if TTDE shows pulmonary artery 
systolic pressure (PASP) > 40 mmHg.

PAH combined with ILD,15 also known as disproportionate pulmonary hypertension, is suspected when pulmonary 
hypertension is detected in patients with mild or normal respiratory function impairment (FVC > 70%) and minimal 
parenchymal involvement on CT imaging. Pulmonary hypertension arising from ILD itself is called PH-ILD.15 This form 
of pulmonary hypertension results from the effects of lung scarring or fibrosis on the pulmonary vasculature, causing increased 
pulmonary artery pressure. All patient subgroups are identified through detailed evaluation by specialized physicians.

Statistical Analysis
The features of MCTD patients with ILD were compared with those of MCTD patients without ILD using the Student’s 
test for age and chi-square or Fisher’s exact tests where appropriate for others. Univariate logistic regression identified 
significant variables with p-values below 0.05 for inclusion in the multivariate analysis. Using logistic regression 
backward stepwise elimination, variables with less statistical significance were gradually removed, resulting in a final 
model that retained only the most significant variables. All p-values were 2-sided, and a p-value less than 0.05 was 
considered statistically significant. The statistical analyses were performed using SPSS (version 26).

Results
General Information on MCTD Patients
As shown in Figure 1, 92 patients were initially enrolled, among which we excluded 29 patients who were later 
diagnosed with other CTDs and 4 patients with missing consecutive data. Eventually, 59 patients with MCTD were 
included, including 54 (91.5%) females and 5 (8.5%) males. The age of onset ranged from 18 to 76 years, with a mean 
age of 46 ± 14.5 years, and the median disease duration was 2 years.

At disease onset, the initial symptom in the majority of MCTD patients was Raynaud’s phenomenon (35.6%) or synovitis 
(25.4%), while shortness of breath (11.9%) or myositis (6.8%) was present in a minority of patients. However, most patients 
(n=44, 74.6%, 95% CI: 62.3–84.9%) developed pulmonary involvement during the follow-up period, including 39 (66.1%) 
patients with ILD, 8 (13.6%) with PAH and 7 (11.9%) with pleural effusions. Three of these patients had PAH combined with 
ILD. Of those with pleural effusions, 5 of 7 had ILD, while 1 had PAH. The patients gradually developed multiple 
manifestations. During the course of disease, 44 (74.6%) patients had Raynaud’s phenomenon, 47 (79.7%) had synovitis, 
33 (55.9%) had typical GER symptoms, 40 (67.8%) had myositis, 22 (37.3%) suffered from NI and 2 (4.1%) had CI.

Notably, during the follow-up period, 17 (28.8%) patients suffered from different degrees of lung infection. Five were 
infected with bacteria, 4 with viruses, including herpes simplex virus (n=2), EB virus (n=2) and cytomegalovirus (n=3), 3 
with fungi, including Pseudomonas albicans (n=2), Candida albicans (n=1) and Aspergillus flavus (n=1), and 5 with 
multiple pathogens.

All patients with MCTD were positive for anti-U1RNP and antinuclear antibodies (ANA). Among them, 46 (77.9%) 
patients showed granular nuclear staining and 10 (16.9%) granular cytoplasmic staining, while 2 showed homogeneous 
nuclei and 1 a speckled nucleus.

Comparison of MCTD Patients with and without ILD
All patients underwent HRCT at the time of their initial MCTD diagnosis. In total, 39 (66.1%) patients were diagnosed with 
ILD based on lung images or pulmonary histopathology. The radiological patterns of ILD included NSIP in 31 (79.5%) 
patients and UIP in 8 (20.5%). In most cases, abnormal shadows were mainly bilaterally distributed on the inferior lobe and 
subpleural areas. Honeycombing, reticulation, GGO, IST, pleural thickening, TB and airspace consolidations were observed 
in 7 (18.0%), 21 (53.9%), 24 (61.5%), 11 (28.2%), 13 (33.3%), 7 (18.0%) and 6 (15.4%) patients, respectively. Throughout 
the course of disease, 37 (62.8%) MCTD patients developed respiratory symptoms, including 21 (35.6%) with dry cough, 6 
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(10.2%) with dyspnea and 10 (17.0%) with other manifestations, while 9 (23.1%) patients in the ILD group did not have any 
respiratory symptoms. A total of 27 patients had available PFTs, which were as follows: FVC <75% in 11 (40.7%) cases, 
FEV1 <80% in 12 (44.4%) cases and DLCO <55% in 11 (40.7%) cases. All patients had FEV1/FVC ≥70%. Based on PFTs, 
13 (48.1%) were included in the mild group, and 14 (51.9%) were included in the moderate group.

The characteristics of the patients at the time of their initial MCTD diagnosis were reviewed. The age at onset, sex, duration 
and smoking history did not show statistically significant differences in the ILD group compared with the non-ILD group 
(p>0.05; Table 1). Meanwhile, the frequency of cough, shortness of breath and GER manifestations were significantly higher in 
the ILD group than in the non-ILD group (p<0.05). As shown in Table 2, the IgG level (2157.0 ± 961.8 g/L vs 1647.1 ± 470.6 g/L, 
p=0.008) and RF positivity rate (54.1% vs 23.5%, p=0.036) were significantly higher in the ILD group compared with the non- 
ILD group. The levels of tumor markers, such as cytokeratin 19 fragment (CYFRA211), carcinoembryonic antigen (CEA) and 
carbohydrate antigen 199 (CA199), were significantly higher in ILD group than in the non-ILD group (p<0.05). In addition, the 
levels of serum Krebs von den lungen-6 (KL-6) were measured in 7 ILD patients and shown to be elevated with a mean value of 
1161.7 U/mL.

Comparing the PAH and Non-PAH Groups
The PAH group included 8 female patients, with a mean age of 47.5 ± 6.8 years and median duration of 4 years. The 
mean baseline PASP was 66.7 ± 22.5 mmHg. Among them, 4 (50%) patients had accelerated tricuspid valve flow 
velocity with a mean tricuspid regurgitant jet velocity (TRV) of 412.3 ± 61.8 cm/s. The tricuspid regurgitation was mild 
in 5 (72.5%) patients, moderate in 2 (25%) and severe in 1 (12.5%).

Figure 1 Flowchart of the screening process.
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As shown in Supplementary Table 1, the frequency of anemia (50% vs 13.7%, respectively) and CI (25% vs 0%, 
respectively) were significantly higher in the PAH group compared with the non-PAH group (p<0.05). Meanwhile, the 
frequency of GER symptoms was significantly lower in the PAH group than in the non-PAH group (12.5% vs 62.7%, 
respectively, p=0.023). The levels of C-reactive protein (CRP; 47.4 ± 44.8 mg/L vs 1.3 ± 0.3 mg/L, respectively, 
p=0.002) and CA724 (10.5 ± 3.9 U/mL vs 1.5 ± 0.9 U/mL, respectively, p=0.01) were significantly higher in the PAH 
group than in non-PAH group.

Predictive Factors for ILD
The resulting variables from the univariate analysis were further analyzed with multivariate logistic regression. The results 
in Table 2 showed that GER (OR=5.28, p=0.010) and cough (OR=4.61, p=0.043) were significantly associated with ILD.

Table 1 Characteristics of MCTD Patients Combined with ILD

ILD (n=39) Non-ILD (n=20) p

M/F 4/35 1/19 0.847
Age (years) 48.1 ± 14.1 41.9 ± 14.6 0.12

Smoking (%) 1 (2.6) 2 (10) 0.545

RP (%) 27 (69.2) 17 (85) 0.188
Synovitis (%) 30 (76.9) 17 (85) 0.698

Cough (%) 18 (46.2) 3 (15) 0.018*

Dyspnea (%) 26 (66.7) 8 (40) 0.05*
Anemia (%) 6 (15.4) 5 (25) 0.369

CI (%) 1 (2.6) 1 (5) 0.99
NI (%) 14 (35.9) 8 (40) 0.758

Dysphagia (%) 9 (23.1) 2 (10) 0.386

GER (%) 27 (69.2) 6 (30) 0.004**
Myositis (%) 25 (64.1) 15 (75) 0.396

IgG (g/L) 2157.0 ± 961.8 1647.1 ± 470.6 0.008**

RF (%) 20 (54.1%) 4 (23.5%) 0.036*
ESR (mm/h) 38.7 ± 27.3 42.4 ± 33.3 0.657

CA724 (U/mL) 1.6 ± 1.0 1.5 ± 2.1 0.909

CYFRA211 (U/mL) 3.7 ± 2.0 2.4 ± 1.2 0.009**
CEA (U/mL) 2.7 ± 2.0 1.5 ± 1.2 0.01**

CA199 (U/mL) 26.3 ± 33.4 12.3 ± 8.7 0.024**

CA153 (U/mL) 23.7 ± 21.3 15.8 ± 7.3 0.054

Notes: *p≤0.05; **p<0.01. 
Abbreviations: RP, Raynaud’s phenomenon; CI, Cardiac involvement; NI, 
Neurological impairment; GER, Gastroesophageal reflux; Ig, Immunoglobulin; RF, 
Rheumatoid factor; ESR, Erythrocyte sedimentation rate; CA, Carbohydrate antigen; 
CEA, Carcinoembryonic antigen; CYFRA211, Cytokeratin 19 fragment.

Table 2 Logistic Regression Analysis of 
MCTD Patients with ILD

Covariate p OR 95% CI

Cough 0.043* 4.61 1.05–20.21
GER 0.010* 5.28 1.48–18.81

RF 0.108 2.95 0.79–11.04

Note: *p<0.05. 
Abbreviations: GER, Gastroesophageal reflux; RF, 
Rheumatoid factor positive.
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Treatment and Follow Up
Eight (13.6%) patients were treated only with glucocorticoid (GC), and 50 (84.7%) with GC combined with immuno-
suppressant, including hydroxychloroquine (25, 42.4%), cyclophosphamide (18, 30.5%), methotrexate (12, 20.3%), 
cyclosporine (8, 13.6%), mycophenolate mofetil (7, 11.9%), leflunomide (7, 11.9%), iguratimod (6, 10.2%) and 
azathioprine (3, 5.1%). Furthermore, herbal preparations, such as tripterygium glycosides (12, 20.3%) or total glucosides 
of paeony (6, 10.2%), were also used in combination with GC in the treatment of some patients. One patient (1.7%) was 
not treated with GC but with hydroxychloroquine and total glucosides of paeony.

We performed a follow-up over a period of 12–112 months on 42 patients, with a median follow-up time of 50 
months. We followed up with all patients by telephone to track their outcomes. Among the 17 cases that were lost to 
follow-up, there were no fatalities, indicating that the lack of follow-up data was due to other reasons. During the follow- 
up period, one patient died, who had combined ILD and PAH with severe pulmonary infection, resulting in respiratory 
and circulatory failure; the mortality rate of MCTD patients was 2.38%. Two patients with combined ILD and PAH 
developed malignancy. Eighteen patients underwent HRCT review during the follow-up period, one MCTD patient 
developed ILD 5 years after disease onset.

During the follow-up period, 8 patients with ILD underwent HRCT and PFT, among which 7 had stable PFTs and 1 
had progression. In addition, HRCT revealed stable findings in 5 patients, while 3 patients showed new abnormal 
shadows. The detailed results are shown in Supplementary Table 2.

Discussion
In this retrospective study, we found that pulmonary involvement, especially ILD, frequently occurred in patients with 
MCTD but was generally mild to moderate. GER and cough were found to be highly associated with ILD. After 
treatment, the prognosis of lung involvement was good.

Previous studies demonstrated that patients with MCTD were frequently females and had synovitis, Raynaud’s phenom-
enon and esophageal hypermobility.2,16 In our cohort, common clinical features among MCTD patients included Raynaud’s 
phenomenon, synovitis, shortness of breath, GER and myositis. Pulmonary involvement frequently occurred in MCTD 
patients, with the prevalence of PAH ranging from 6.9% to 17.8%. Previous studies reported varied prevalence of ILD, ranging 
from 27.4% to 78%.2–4 In our cohort, 66.1% of the patients had MCTD combined with ILD and 13.6% with PAH.

The majority of HRCT presentations in the cohort of ILD patients were distributed on the bilateral inferior lobe and 
subpleural areas, with reticulations and GGO being the most common, which is consistent with previous findings.17,18 

ILD subtyping was predominantly NSIP, followed by UIP. However, subtyping might be less accurate in some patients 
due to the unavailability of bronchoscopy or lung biopsy. Decreased lung physiological parameters indicated the 
development and progression of ILD.17 Pulmonary function abnormalities could precede the clinical symptoms, 
characteristic alterations include restrictive ventilation disorders and diffusion dysfunction, and the most common 
abnormal manifestation is decreased DLCO.19 In this study, all patients with ILD had mild to moderate decreased DLCO.

In the present study, GER manifestations were significantly more frequent in the ILD group and strongly associated 
with ILD. The relationship between SSc-ILD and esophageal symptoms has been explained in previous studies.4,20 

Briefly, gastroesophageal acid after GER tends to cause bronchoconstriction, while prolonged the microaspiration of 
gastric acid, repeatedly damaging the lung parenchyma and leading to fibroblast activation, which eventually predisposes 
to ILD.4,21 In this study, the prevalence of cough and shortness of breath was significantly higher in patients with 
combined ILD, and logistic regression analysis showed cough to be significantly associated with the development of 
ILD. This suggests that in clinical practice, respiratory symptoms in patients with MCTD may indicate concomitant ILD. 
The occurrence of infection, though more frequent among patients with combined ILD, is likely a consequence of MCTD 
treatment or complications arising from ILD.

Our results showed that MCTD-PAH patients had significantly higher prevalence of anemia and CI. Anemia can 
contribute to the onset and progression of PAH through mechanisms such as inflammation and disrupted iron homeostasis, 
leading to reduced oxygen delivery and increased cardiovascular stress.22 The pathogenesis of PAH is associated with the 
impaired secretion of vasoactive mediators, such as nitric oxide, and increased production of vasoconstrictor and 
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proliferative factors, which affect the vascular tone and lead to vascular remodeling.23 The deoxygenated form of 
hemoglobin can reduce nitrite to nitric oxide, which promotes vasodilation of the pulmonary vascular bed. However, the 
reduced hemoglobin content in anemia may impair the reaction, leading to an increase in the pulmonary vascular pressure.24

RF and IgG levels were significantly higher in the ILD group, in consistence with the study of Narula et al,3 which 
reported RF and anti-Sm antibody positivity to be higher in ILD patients with MCTD. In addition, we found that the 
levels of CRP and ESR were significantly elevated in MCTD patients with PAH, which is consistent with previous 
findings on idiopathic PAH and SLE-PAH, especially since CRP is associated with the prognosis and adverse events in 
PAH.23,25 The mechanism behind this effect can be explained by the level of inflammatory infiltration in the perivascular 
region associated with pulmonary vascular remodeling.26

Tumor markers are synthesized and secreted by tumor cells and other cells in the tumor tissue, which can be classified 
into different groups according to their production source and biological properties. Bao et al found significant 
differences in the markers of CA199, CEA, CA153 and CYFRA211 between CTD-ILD patients and non-ILD 
patients.27 We also found that patients with MCTD-ILD had significantly higher levels of CA199, CEA and 
CYFRA211. The expression of CYFRA211 in respiratory fine bronchial and alveolar epithelial cells has indeed been 
identified as a possible marker of epithelial cell injury in ILD patients.28 The CA199 level is negatively correlated with 
DLCO and could be a diagnostic indicator of RA-ILD.29 As for CEA, it reflects the proliferation and secretion of 
epithelial cells, which may be potentially linked to the mechanism of ILD (persistent damage of epithelial cells).30 Our 
findings may provide new evidence on the relationship between elevated tumor markers and MCTD-ILD. However, two 
MCTD-ILD patients with elevated tumor markers had detectable tumors during follow-up. So, we should follow up the 
occurrence of cancer and the influence of therapeutic drugs on the tumor marker in all patients in the following years.

In the study of Chan et al on CTD-ILD, they found the mortality rate to be 23.8% at a median follow-up time of 4 
years,31 while the study of Li et al showed the overall survival rates of CTD-PAH patients at 1, 3 and 5 years to be 98%, 
78% and 59%, respectively.32 Although the pulmonary involvement is a common cause of death in patients with CTD, 
one patient in our cohort died of respiratory and complicative circulatory failure. Although a high prevalence of ILD was 
observed in MCTD patients, it was mostly mild to moderate, and the disease progression was relatively slow after early 
and aggressive treatment.

This study has some limitations. Firstly, only a relatively small number of patients was included and the follow-up 
time was relatively short in some patients. Furthermore, because this was a retrospective study, a complete set of clinical 
data was not available for every patient. This study included only hospitalized patients, excluding those admitted on an 
outpatient basis. As hospitalized patients may represent a more severe subgroup, this could affect the observed 
prevalence of ILD. Finally, the gold standard for the diagnosis of PAH is right heart catheterization, and due to its 
invasive nature, we relied on non-invasive echocardiographic findings as a screening criterion, which may result in false 
positive or negative cases.

Conclusion
In summary, ILD occurs frequently in MCTD patients. The imaging pattern of MCTD-ILD is mostly NSIP, and it is 
generally less severe. Our findings show that GER and cough are predictive factors of ILD. Early identification of ILD 
and PAH may help to improve the prognosis of patients.
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