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Abstract
Objective  To identify clinical characteristics and risk factors related to the progression of interstitial lung disease (ILD) in 
patients with primary Sjögren’s syndrome (pSS).
Methods  In this single-centered, retrospective study, a total of 83 identified pSS-ILD patients with relatively com-
plete clinical data were finally enrolled. Clinical symptoms, laboratory data, high-resolution computed tomography 
(HRCT), and pulmonary function test (PFT) results were collected. A logistic regression analysis was performed 
to determine the independent risk factors for ILD progression, and a nomogram was plotted to construct a predic-
tive model.
Results  The prevalence of pSS-ILD in our study was 18.89%. Among the 83 enrolled patients, 32 (38.6%) underwent ILD 
progression. The characteristic features associated with the progression of ILD included male sex, non-sicca onset, reticu-
lar pattern on HRCT, higher levels of baseline lactic dehydrogenase (LDH), and low baseline forced vital capacity (FVC). 
The results of multivariate logistic regression indicated that LDH (OR 1.008, p = 0.030) was an independent risk factor for 
ILD progression, while sicca onset (OR 0.254, p = 0.044) and FVC (OR 0.952, p = 0.003) were protective factors for ILD 
progression. A simple predictive model for ILD progression in pSS was developed and validated.
Conclusion  pSS patients with non-sicca onset, high baseline LDH level, and low baseline FVC were at higher risk of ILD 
progression.

Key Points
• Male sex and reticular pattern in HRCT are more common in pSS patients with progressive ILD compared to those with stable ILD.
• Non-sicca onset, high baseline LDH level, and low baseline FVC are independent risk factors of pSS-ILD progression.
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Introduction

Primary Sjögren’s syndrome (pSS) is the second most com-
mon autoimmune disease with a prevalence of 0.3–1‰. The 
pathological hallmarks of the disease are lymphocytic infil-
tration and structural destruction of the lacrimal and salivary 
glands, leading to the major clinical manifestations of dye 
eyes and dry mouth [1]. Extra-glandular involvements occur 

in a large majority of patients, including lung, kidney, liver, 
and nervous system [1, 2]. Interstitial lung disease (ILD) is 
a common form of lung involvement in pSS patients and the 
prevalence is between 3 and 60% depending on the method-
ology used to identify ILD [2, 3]. While the disease course 
of ILD may be benign and stable in some pSS patients, its 
progression and deterioration do happen in other cases, lead-
ing to impaired quality of life and higher rate of morbidity 
and mortality [4, 5]. Therefore, early screening of patients 
with high risk of ILD progression is of great significance for 
prompt intervention in order to improve prognosis.

Great endeavors have been made to unveil the factors 
associated with ILD development in pSS patients. To date, 
the following factors have been shown to be correlated with 
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ILD occurrence: older age, male, high titer of anti-nuclear 
antibodies (ANA) or rheumatoid factor (RF), the presence 
of anti-Ro52 autoantibody, low circulating C3, increased 
C-reactive protein (CRP) level, etc. [2, 6–9]. However, there 
is a scarcity of data on ILD progression in pSS patients and 
the discrepancies do exist [10–12]. Thus, we conducted this 
single-centered, retrospective study, aiming to identify char-
acteristic features and risk factors for ILD progression in 
pSS patients.

Materials and methods

Patients

This retrospective study started with identification of pSS-
ILD patients by searching the electronic medical records. 
In the first electronic search, patients diagnosed as pSS at 
the First Affiliated Hospital of Zhengzhou University from 
January of 2015 to December of 2019 were screened. All 
patients met the 2002 revised classification criteria proposed 
by American-European Consensus Group (AECG) for pSS 
[13]. A second search was then conducted to identify those 
who exhibited ILD in pSS patients (pSS-ILD). pSS patients 
who met any 3 of the 5 following items were diagnosed as 
pSS-ILD: (1) cough or shortness of breath in rest and/or 
after activity; (2) the presence of Velcro crackles in auscul-
tation; (3) imaging features supporting ILD in HRCT (e.g., 
ground-glass opacity, consolidation, reticulation, nodules, 
traction bronchiectasis, honeycombing, cysts); (4) abnormal 
PFT results: FVC or diffusing capacity for carbon monoxide 
(DLCO) < 80% predicted value; (5) lung biopsy confirmed 

pathological patterns of ILD. Patients with any of the fol-
lowing conditions were excluded: younger than 18 years, 
concomitant with tumors, other pulmonary diseases, and/or 
other autoimmune diseases. Altogether 1382 pSS patients 
were screened in this study, and 261 had pSS-ILD. Among 
these pSS-ILD patients, 68 patients were missed during fol-
low-ups (could not be contacted or did not finish subsequent 
visits), 41 patients were excluded due to above mentioned 
conditions, and 69 patients were further excluded for the 
lack of vital baseline data (mainly for the lack of baseline 
HRCT images, PFT results, and/or too many missing data 
on laboratory tests). Finally, 83 patients with relatively com-
plete clinical data and at least one follow-up were enrolled 
and divided into two groups depending on their ILD status 
(Fig. 1). In order to exclude the possibility of major selec-
tion bias, the study cohort of the 83 patients was compared 
to all available baseline data of the 68 excluded patients for 
the reason of missed follow-up and the results are shown in 
Table S1.

Data collection

The following demographic and clinical data were collected: 
age, gender, disease duration, hospital stays, and treatment 
strategies. Clinical features associated with pSS and sys-
temic involvement were fully recorded as well. In addition, 
the laboratory data were collected, including complete blood 
count, biochemical profile, antinuclear antibody (ANA) 
spectrum, Krebs von den Lungen-6 (KL-6), complement 3 
(C3), complement 4 (C4), erythrocyte sedimentation rate 
(ESR), C-reactive protein (CRP), and rheumatoid factor 
(RF).

Fig. 1   A flow chart of this 
study. A total of 1382 pSS 
patients were screened and 261 
of them were identified as pSS-
ILD. Among the 261 patients, 
68 patients were missed, 41 
patients were excluded because 
of different reasons, and 69 
patients were further excluded 
for the lack of vital baseline 
data. Finally, 83 patients with 
relatively complete clinical data 
and at least one follow-up were 
enrolled and divided into two 
groups depending on their clini-
cal course of ILD
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For HRCT abnormalities, ground-glass opacities, retic-
ular pattern, and honeycombing were analyzed for their 
high prevalence and/or potential clinical significance 
based on previous studies [14, 15] and clinical experience. 
HRCT patterns of ILD were determined by two experi-
enced radiologists and one rheumatologist according to 
the 2011 American Thoracic Society (ATS) and the Euro-
pean Respiratory Society (ERS) modified classification 
[16, 17]. For the PFTs, the results of FVC and DLCO were 
collected. In this study, progressive ILD was defined when 
any of the following results were presented during follow-
up period: (1) a relative decline in FVC from baseline 
of ≥ 10% or in DLCO of ≥ 15%; (2) a relative decline in 
FVC of 5–9% plus increased extent of fibrosis on HRCT; 
(3) a relative decline in FVC of 5–9% plus worsening of 
respiratory symptoms; (4) worsened respiratory symptoms 
plus increased extent of fibrosis on HRCT. Accordingly, 
patients without abovementioned results were designated 
as stable ILD.

Statistics

Continuous variables were presented as mean ± stand-
ard deviation (SD) for normally distributed data and the 
median (range) for non-normally distributed data. Cate-
gorical variables were presented as the percentages. Inter-
group comparisons were conducted using Student’s t test 
or Mann–Whitney U test for continuous variables, while 
categorical data were compared using chi-square test. Uni-
variate and multivariate logistic regression analyses were 
performed to identify the independent risk factors for ILD 
progression in pSS patients. Multi-collinearity diagnostic 
tests were carried out before determining the final model. 
A nomogram was plotted to construct the predictive model 
for ILD progression in pSS patients based on the results of 
multivariate analysis. A calibration curve was performed 
to evaluate the accuracy of the predictive model. Receiver 
operating characteristic (ROC) curve was used to compare 
the obtained nomogram with each single factor based on 
area under the curve (AUC). p < 0.05 was considered to be 
statistically significant. SPSS 21.0 (SPSS Inc., Chicago, 
IL, USA) and R software (version 3.6.1) were used for the 
analysis.

Results

Demographic features and laboratory metrics

The prevalence of pSS-ILD in our study was 18.89%. 
Among the 83 finally enrolled patients, 72 (86.7%) were 
females, 8 (9.6%) had a history of smoking, and 32 (38.6%) 
had progressive ILD. The mean age at baseline was 

54.13 ± 9.35 years old. All patients were followed up for 
2–67 months (median follow-up period: 23 months). As 
for the ANA spectrum, the positivity for different autoan-
tibodies was as follows: 72 (86.7%) for ANA, 2 (2.4%) for 
centromere, 15 (18.1%) for SSB, 65 (78.3%) for Ro52, 34 
(41.0%) for Ro60, and 4 (4.8%) for nRNP/Sm. Compared to 
ILD stable group, the LDH levels and proportion of male 
patients were significantly higher in patients with progres-
sive ILD (Table 1).

PFT results and HRCT features

For baseline HRCT abnormalities, the percentages of dif-
ferent patterns were as follows: 56 patients with ground-
glass opacities (67.5%), 47 with reticular pattern (56.6%), 
and 9 with honeycombing (10.8%). Nonspecific interstitial 
pneumonia (NSIP) was identified in 42 (50.6%) patients, 
usual interstitial pneumonia (UIP) in 22 (26.5%) patients, 
and lymphocytic interstitial pneumonia (LIP) in 3 (3.6%) 
patients. The proportion of patients with reticular pattern 
was significantly higher in progressive ILD than that in sta-
ble ILD. Besides, patients with progressive ILD showed 
significantly lower baseline FVC than those with stable ILD 
(Table 1).

Clinical features and treatments

The initial symptoms were highly heterogeneous in these 
patients and the percentages were as follows: 23 with 
xerostomia (27.7%), 17 with xerophthalmia (20.5%), 7 
with decayed tooth (8.4%), 5 with parotitis (6.0%), 6 with 
arthralgia (7.2%), 46 with cough or shortness of breath-
ing (55.4%), 5 with Raynaud phenomenon (6.0%), 1 with 
numbness of hands and feet (1.2%), and 1 with lower limb 
edema (1.2%). The proportion of patients with abovemen-
tioned initial symptoms in each group is shown in Fig. 2. 
Sicca onset was defined as the initial manifestation being 
xerostomia and/or xerophthalmia in their first visit. The pro-
portion of the patients with sicca onset was significantly 
lower in ILD-progression group than in ILD stable group 
(Table 1).

Systemic involvements were found in 33 patients (39.8%), 
including 16 with arthritis (19.3%), 5 with complicated 
involvement of peripheral nervous system (6.0%), and 9 
with digestive system involvement (10.8%). Among patients 
with digestive system involvements, 1 with primary biliary 
cholangitis and 8 with chronic gastritis. No significant differ-
ences were found between the two groups on these systemic 
involvements (data not shown).

The treatments of these 83 pSS-ILD patients are summa-
rized in Table 2. Almost all patients (95.18%) were treated 
with different dosage of glucocorticoid (GC). None of these 
patients received pulse GC therapy. Only 6 (7.23%) patients 
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were treated with GC alone, while others in combination 
of immunosuppressant or other agents (e.g., hydroxychlo-
roquine, total glucosides of paeonia, acetylcysteine). Anti-
fibrotic agent pirfenidone was used in 7 (8.43%) patients 
and 1 patient received intravenous immunoglobulin (IVIG) 
therapy due to acute exacerbation.

Risk factors for ILD progression and predictive 
model

The results of univariate and multivariate logistic regres-
sion analyses of ILD progression are shown in Table 3. 
In univariate logistic regression analysis, sex, sicca onset, 

Table 1   Comparison of baseline 
characteristics in two groups

Data are average ± SD, median (range), or n (%) as appropriate. WBC, white blood cell count; PLT, plate-
let; HGB, hemoglobin; NLR, neutrophil–lymphocyte ratio; Mo#, monocyte count; Alb, albumin; Glob, 
globulin; LDH, lactic dehydrogenase; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; RF, 
rheumatoid factor; KL-6, Krebs von den Lungen-6; FVC, forced vital capacity; DLCO, diffusing capacity 
for carbon monoxide; NSIP, non-specific interstitial pneumonia; UIP, usual interstitial pneumonia; LIP, 
lymphocytic interstitial pneumonia. aData of KL-6 levels are available in only 41 patients. bSicca onset: 
patients presenting sicca symptoms (xerostomia and/or xerophthalmia) in the first visit are defined as sicca 
onset. *p < 0.05; **p < 0.01

ILD-progression
N = 32

ILD-stable
N = 51

p

Demographics
Sex, male 8 (25.0%) 3 (5.9%) 0.030*
Age (years) 56.66 ± 9.57 52.55 ± 8.95 0.051
Smoker 5 (15.6%) 3 (5.9%) 0.279
Laboratory metrics
WBC (× 109/L) 6.95 (3.30–18.30) 6.60 (2.71–13.40) 0.210
PLT (× 109/L) 204 (124–423) 223 (55–429) 0.416
HGB (g/L) 122.54 ± 15.12 118.77 ± 12.27 0.217
NLR 2.70 (0.84–6.76) 2.64 (0.92–9.65) 0.712
Mo# (× 109/L) 0.59 (0.02–1.92) 0.47 (0.02–1.11) 0.116
Alb (g/L) 38.80 (32.00–47.00) 37.40 (25.10–47.50) 0.637
Glob (g/L) 29.15 (19.40–45.70) 29.90 (20.90–41.70) 0.233
LDH (U/L) 274.84 ± 72.92 231.00 ± 80.34 0.014*
ESR (mm/h) 20.00 (4.00–99.00) 23.00 (5.60–119.00) 0.722
CRP (mg/L) 5.18 (0.37–152.97) 3.41 (0.21–107.01) 0.556
C3 (g/L) 1.14 (0.53–1.56) 1.06 (0.59–1.87) 0.448
C4 (g/L) 0.22 (0.08–0.48) 0.24 (0.13–0.42) 0.454
RF (U/mL) 19.00 (0.60–254.50) 33.00 (2.74–319.39) 0.170
KL-6 (U/mL)a 645 (273–2696) 777.5 (104–3273) 0.665
Anti-Ro52 antibody positive 24 (75.0%) 41 (80.4%) 0.562
Anti-Ro60 antibody positive 9 (28.1%) 25 (49.0%) 0.060
Anti-SSB antibody positive 4 (12.5%) 11 (21.6%) 0.296
Pulmonary function tests
FVC (pred%) 66.50 (44.30–105.0) 89.50 (47.40–121.50) 0.001**
DLCO (pred%) 51.62 ± 15.04 57.90 ± 17.79 0.101
HRCT features
Ground-glass opacity 20 (62.5%) 36 (70.6%) 0.444
Reticular pattern 23 (71.9%) 24 (47.1%) 0.026*
Honeycombing 4 (12.5%) 5 (9.8%) 0.983
NSIP 15 (46.9%) 27 (52.9%) 0.591
UIP 10 (31.3%) 12 (23.5%) 0.438
LIP 2 (6.3%) 1 (2.0%) 0.678
Indeterminate 5 (15.6%) 11 (21.6%) 0.504
Symptoms
Sicca onsetb 6 (18.8%) 21 (41.2%) 0.034*
Fever 7 (21.9%) 17 (33.3%) 0.262
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LDH, FVC, and reticular pattern on HRCT were statistically 
significant variables for ILD progression. Before conduct-
ing the multivariate logistic regression, multi-collinearity 
diagnostic tests were carried out by variance inflation fac-
tor (VIF) using SPSS and no multi-collinearity was found 
(VIF < 10). Finally, the results from multivariate logistic 
regression analysis showed that sicca onset, LDH, and FVC 
were independently associated with ILD progression in pSS 
patients.

A nomogram was plotted to construct the predictive 
model (Fig. 3a). A calibration curve was constructed to 
evaluate the accuracy of the model (Fig. 3b). The suffi-
cient agreement between the predicted ILD-progression 
rate by this model and the actual ILD-progression rate in 
pSS patients indicated a favorable accuracy of the model. In 
addition, ROC curve was used to compare this model with 
each single risk factor (sicca onset, LDH, and FVC) obtained 
from multivariate logistic regression (Fig. 3c). The AUC of 
our nomogram model was 0.798, and 0.612 for sicca onset, 
0.668 for LDH, and 0.726 for FVC.

Fig. 2   Proportion of various 
initial symptoms in ILD pro-
gression group and ILD stable 
group

Table 2   Treatment of patients with interstitial lung disease associated 
with primary Sjögren’s syndrome

GC, glucocorticoid; CTX, cyclophosphamide; MMF, mycophenolate 
mofetil; CsA, cyclosporine; HCQ, hydroxychloroquine; TGP, total 
glucosides of paeonia; IVIG, intravenous immunoglobulin

Treatment strategy Number of patients (%)

GC alone 6 (7.23%)
GC + immunosuppressant
GC + CTX
GC + MMF

16 (19.28%)
3 (3.61%)

GC + CsA 1 (1.20%)
GC + other agents
GC + HCQ 28 (33.73%)
GC + Tripterygium 15 (18.07%)
GC + TGP 13 (15.66%)
Acetylcysteine 50 (60.24%)
Pirfenidone 7 (8.43%)
IVIG 1 (1.20%)

Table 3   Univariate and 
multivariate logistic regression 
analyses of ILD progression in 
pSS patients

LDH, lactic dehydrogenase; FVC, forced vital capacity; OR, odds ratio; CI, confidence interval. aSicca 
onset: patients presenting sicca symptoms (xerostomia and/or xerophthalmia) in the first visit are defined as 
sicca onset; *p < 0.05; **p < 0.01; ***p < 0.001

Factors Univariate analysis Multivariate analysis

OR (95% CI) p OR (95% CI) p

Sex, male 5.333 (1.296–21.943) 0.020* 5.480 (0.890–33.731) 0.067
Sicca onseta 0.330 (0.116–0.940) 0.038* 0.254 (0.067–0.963) 0.044*
LDH 1.007 (1.001–1.014) 0.018* 1.008 (1.001–1.016) 0.030*
FVC 0.952 (0.926–0.978)  < 0.001*** 0.952 (0.921–0.983) 0.003**
Reticular pattern 

on HRCT​
2.875 (1.116–7.409) 0.029* 1.990 (0.622–6.367) 0.246
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Discussion

ILD is a common form of systemic involvements in pSS 
patients. Although the clinical course of pSS-ILD is usually 
mild and stable compared to other connective tissue dis-
ease-associated ILD (CTD-ILD) and idiopathic pulmonary 
fibrosis (IPF), its progression and deterioration do occur in 
some patients, resulting in increased morbidity and mortal-
ity [8, 18]. A previous report demonstrates that the 5-year 
survival rate of pSS-ILD is about 89.8% and the 10-year 
survival rate about 79.0% [11]. Therefore, it is imperative to 
identify the clinical characteristics and risk factors for ILD 
progression in pSS patients. To the best of our knowledge, 
the present study is the largest retrospective study focused 
on risk factors for ILD progression in pSS patients. Sev-
eral clinical characteristics associated with ILD progression 
have been identified, including male sex, non-sicca onset, 

reticular pattern in HRCT, higher levels of baseline LDH, 
and low baseline FVC. The results of multivariate logistic 
regression indicate that LDH is an independent risk factor 
for ILD progression, while sicca onset and FVC are protec-
tive factors for ILD progression. A simple predictive model 
for ILD progression in pSS patients has been developed and 
validated. Our results may help clinicians to stay vigilant to 
these risk factors responsible for ILD progression for early 
and effective intervention, which may then improve treat-
ment outcomes and prognosis of pSS-ILD patients.

Previous studies have demonstrated that the prevalence 
of pSS-ILD is about 20% [8, 19]. Consistently, our study 
shows that 261 out of 1382 pSS patients developed ILD and 
the prevalence was 18.89%. To date, few studies focus on 
the progression of ILD in pSS patients. Zhang et al. reported 
that about 20.4% pSS patients developed progressive pheno-
type of ILD [12]. Roca et al. showed that 36.8% of pSS-ILD 

Fig. 3   A simple predictive model for ILD progression in pSS 
patients. a The nomogram to predict ILD progression in pSS patients. 
b A calibration curve to evaluate the accuracy of the model. c ROC 
curve to compare this model with each single factor. The AUC for 
sicca onset, LDH, FVC, and model were 0.612, 0.668, 0.726, and 

0.798, respectively. Sicca onset: patients presenting sicca symptoms 
(xerostomia and/or xerophthalmia) in the first visit are defined as 
sicca onset; LDH, lactic dehydrogenase; FVC, forced vital capacity; 
ROC, receiver operating characteristic
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patients experienced ILD deterioration as evidenced by 
impaired pulmonary functions during the 24 months of 
follow-up [10]. While our study showed that 38.6% of pSS-
ILD patients developed progressive ILD, cautions should 
be taken when interpreting the results because of the pos-
sibility of the selection bias and retrospective nature of this 
study. Previous studies have demonstrated that male sex is 
a risk factor for increased mortality due to progressive sys-
temic sclerosis-associated ILD (SSc-ILD) and correlated 
with rheumatoid arthritis (RA)-related ILD (RA-ILD) [20, 
21]. Accordantly, we have revealed a male predominance in 
the progressive ILD group compared to ILD stable group. 
These observations suggest that regardless of different types 
of CTDs, male patients with CTD-ILD are more likely to 
have poor prognosis, warranting more frequent evaluation 
of pulmonary conditions for prompt intervention.

HRCT has demonstrated that pSS-ILD have different 
presentations [2, 22]. We focused on ground-glass opacities, 
reticular pattern, and honeycombing for their high preva-
lence and potential clinical significance, and found signifi-
cant differences on reticular pattern between the two groups. 
Enomoto et al. also reported that reticular abnormality on 
HRCT was a prognosis factor in pSS-ILD [15]. Our results 
are consistent with widely accepted notion that NSIP is the 
most common in pSS patients when examined with HRCT. 
Zhang et al. reported that UIP was a potential predictor for 
pSS-ILD progression [12], whereas Enomoto et al. did not 
find significant difference on survival rate between NSIP and 
UIP groups [15]. In our study, no significant difference on 
UIP pattern was found between progressive ILD and stable 
ILD group patients.

To date, there is no standard definition of progressive 
fibrosing ILD and several criteria have been used to define 
ILD-progression, most of which are based on PFT results. 
A decrease of ≥ 10% in FVC and/or ≥ 15% in DLCO are the 
most commonly used criteria in clinical trials [10, 23, 24]. 
Of note, PFT alone may not be sufficient to evaluate the ILD 
condition as PFT results are not always correlated with radi-
ological abnormalities and clinical manifestations [2, 25]. 
Recently, a large double-blind, placebo-controlled trial, the 
INBUILD study, took use of the compound criteria includ-
ing lung function, HRCT, and clinical symptoms to define 
ILD progression [26]. Somewhat similarly, the definition of 
ILD progression in our present study was determined by the 
combination of the PFT results, HRCT findings, and clinical 
symptoms. However, a standardized and updated criterion is 
needed to better evaluate the course of ILD.

FVC is a significant parameter in evaluating the develop-
ment and progression of ILD. It has been identified as a risk 
factor in various types of ILD such as progressive SSc-ILD, 
anti-melanoma differentiation-associated gene 5-positive 
dermatomyositis (MDA5+-DM)-associated ILD, and RA-
ILD [20, 21, 27]. Kamiya Y et al. studied the prognostic 

factors for pSS-ILD in a relatively large number of patients 
and found that low %FVC was significantly correlated with 
long-term mortality [11]. Similarly, our present study indi-
cated that a low baseline FVC was an independent risk factor 
for ILD progression in pSS patients. It seems that FVC is a 
defining factor to predict the prognosis of pSS-ILD, though 
more large-scale studies may be needed to better validate 
this concept. Apart from baseline FVC, particular attention 
should be paid to the changes of FVC in certain time periods 
in clinical practice. While a 5% change in FVC is previously 
thought to have no clinical significance as it is within normal 
test variability, du Bois et al. demonstrated that a decline 
in %FVC as small as 5% at 6 months was correlated with a 
more than twofold increase in the mortality over the follow-
ing 12 months in IPF patients [28]. More studies are needed 
to improve our understanding of the significance of the FVC 
per se and its changes during disease courses. No significant 
difference on DLCO was found between the two groups in 
our study, indicating that the clinical significance of FVC 
and DLCO is not exactly the same. It seems that DLCO is 
highly sensitive to the development of ILD, whereas FVC 
more useful in assessing disease extent [29].

Several lines of evidence suggest a correlation between 
LDH and ILD. One study shows that high serum level of 
LDH is correlated with the progression of lung injury in IPF 
[30]. Another report demonstrates that elevated LDH levels 
are closely correlated to the development of RA-ILD [31]. 
A meta-analysis shows that LDH is a prognostic factor of 
acute exacerbation (AE) of IPF [32]. Dong et al. reported 
that elevated LDH levels were associated with ILD develop-
ment in pSS patients [14]. Our study confirms the LDH is an 
independent risk factor for ILD progression in pSS patients.

OF note, we demonstrate that sicca onset is a protective 
factor for ILD progression in pSS patients. It is plausible 
to postulate that patients with non-sicca onset are at higher 
risk for ILD progression through a yet-unknown mechanism. 
Andreina et al. reported that nearly half of pSS-ILD patients 
were non-sicca onset, leading to delayed diagnosis of pSS 
in this group of patients [33]. GAO et al. conducted a large-
scale case–control study and further explored the character-
istics of non-sicca onset pSS patients. They found that 51% 
of pSS-ILD patients were non-sicca onset. The positivity 
for SSA autoantibody, elevated RF titer, and hyperglobu-
linemia were less predominant in non-sicca patients, while 
pulmonary complications were more progressive and severe 
compared with sicca-onset pSS patients [34]. More studies 
are needed to elucidate the pathognomics of ILD progres-
sion in pSS patients with different onsets.

The 6-min walk test (6MWT)/6-min walk distance 
(6MWD) is a simple, non-invasive, and highly reproduc-
ible test. It is commonly used to assess the functional exer-
cise capacity of patients with heart and/or lung diseases, 
including several types of ILDs. du Bois et al. conducted 
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a large-scale study with well-defined population of IPF 
patients to validate the relation between 6MWT and prog-
nosis of IPF, and the results showed that both 6MWD and 
change in 6MWD were independent predictors of mortal-
ity in patients with IPF [35]. Previous studies have demon-
strated controversial results of 6MWD in SSc patients [36, 
37]. A recent report showed that a lower 6MWD in SSc 
patients was correlated with PFT test results, and it can be 
used as an independent predictor for the SSc-related mor-
tality [38]. To date, the studies to explore the usefulness of 
6MWD in pSS-ILD patients are rare. It was not included 
in our present study due to the unanticipated missing data, 
while prospective studies are needed to test its feasibility 
and reliability.

There are some limitations in our study. Firstly, it is a sin-
gle-centered, retrospective study and the number of patients 
enrolled is relatively small. Secondly, we did not perform 
a further stratified analysis based on different treatment 
strategies. Thirdly, our predictive model was not validated 
externally in another validation cohort due to the limited 
number of cases.

Conclusions

ILD is not rare in pSS patients and the risk of ILD pro-
gression should not be underestimated. Our study showed 
that 38.6% of pSS-ILD patients developed progressive ILD 
during follow-up periods, and more extensive studies are 
needed to validate our results. In terms of clinical features, 
pSS patients with progressive ILD were characterized by 
male predominance and non-sicca complaints at initial 
referral. Low baseline FVC, high baseline LDH, and more 
reticular pattern on chest HRCT were also identified when 
compared to those with stable ILD. No significant differ-
ence was found on the ANA spectrum between these two 
groups. We further explored the relevant features of ILD 
progression in pSS patients and identified that baseline LDH 
was an independent risk factor for ILD progression, while 
sicca onset and preserved baseline FVC were shown protec-
tive. pSS-ILD patients with abovementioned characteristics 
should be monitored more frequently, assessed more care-
fully, and, if necessary, be treated more aggressively. Based 
on these findings, a simple predictive nomogram model for 
ILD progression in pSS patients has been developed and 
validated for better evaluation of pSS-ILD patients in daily 
clinical practice.
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