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Introduction 

Fibrotic interstitial lung disease (ILD) consists a heterogenous 
group of diseases characterized by varying degree of 
pulmonary interstitial inflammation and fibrosis (1).  
Idiopathic pulmonary fibrosis (IPF) is the most prevalent 
ILD featured with progressive fibrosing interstitial 
pneumonia with unknown causes. Apart from IPF, about 
13–40% percent of patients with non-IPF fibrotic ILD also 
experience progressive deterioration in interstitial fibrosis 
and lung function (2,3), which is defined as progressive 

pulmonary fibrosis (PPF). PPF typically demonstrates 
worsening respiratory symptoms, lung function decline, 
continuing fibrosis and decreased quality of life (4). Several 
studies have explored the natural history of PPF, including 
the change in pulmonary function, survival and risk factors 
for mortality (5-7). However, the results varied greatly 
according to different diagnostic criterion of PPF. 

Recently, nintedanib and pirfenidone have been 
demonstrated to slow the decline of forced vital capacity 
(FVC) in patients with PPF (8,9). It is therefore important 
to identify the progressive phenotype for the precise 
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treatment. Till now, researchers have proposed three 
diagnostic criteria for PPF, which assess the progression 
in the preceding 6 (8), 12 (10,11) and 24 (5-7,9) months 
respectively (12). And the international working group 
of IPF has proposed a standard definition of PPF (13). 
However, there have been limited data on the comparison 
of the three criteria using the same cohort data. The goal 
of this study was to compare the three different diagnostic 
criteria. We present this article in accordance with the 
STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-481/rc).

Methods

Study population

We reviewed the fibrotic ILD cases diagnosed at People’s 
Hospital of Deyang City, form January, 2016 to December, 
2021. Adult patients with diagnosis of ILD, were included 
in this analysis. Patients with diagnosis of IPF or with 
antifibrotic therapy more than 6 months were excluded 
from the cohort. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by the Ethics Committee of People’s 
Hospital of Deyang City (No. 2023-04-084-K01) and 
informed consent was taken from all the patients.

Diagnostic criteria

ILD diagnoses were made by multidisciplinary discussion 
using established diagnostic criteria. The usual interstitial 
pneumonia (UIP) pattern defines the typical changes of 

IPF in radiology and pathology. However, it’s not a clinical 
diagnosis. IPF was diagnosed according to the recent 
guidelines (13), with probable IPF defined as a diagnosis 
of IPF by multidisciplinary discussion. Patients with IPF 
and probable IPF were excluded for the assessment of 
progressive fibrosing. PPF was diagnosed by three criteria 
(Table 1): (I) the 0.5-year criterion: in the preceding  
6 months, an absolute decline in FVC% of over 5% or 
worsening respiratory symptoms not due to cardiac, 
pulmonary, vascular, or other causes (8); (II) the 1-year 
criterion: PPF was defined with at least two of the three 
criteria: worsening respiratory symptoms; in the preceding 
12 months, an absolute decline in predicted FVC% of over 
5% or an absolute decline in predicted percent diffusing 
capacity of the lungs for carbon monoxide (DLCO%) of 
10%; increased fibrosis on high-resolution computed 
tomography (HRCT) scan (13); (III) the 2-year criterion: in 
the preceding 24 months, an absolute decline in predicted 
FVC% of over 10%, or an absolute decline in predicted 
FVC% of 5–10% with worsening respiratory symptoms or 
increased fibrosis on HRCT scan, or worsening respiratory 
symptoms and increased fibrosis on HRCT (9). Connective 
tissue disease-associated ILD (CTD-ILD) was diagnosed in 
collaboration with a rheumatologist using diagnostic criteria 
where available. 

Data collection

Baseline timepoint for PPF patients was defined as the time 
when the patients started the assessment of progressive 
fibrosing. Demographic data, including age and sex, and 
smoking history were recorded at the first clinic visit. 
Longitudinal data included pulmonary function test 
(PFT, including FVC% and DLCO%), six minutes walking 
distance (6MWD), HRCT and University of California, 
San Diego Shortness of Breath Questionnaire (UCSD-
SOBQ), were measured in the follow-up visits. PFT and 
6MWD were conducted out according to the relevant 
guidelines. There might be bias because of the losing follow 
up. So, we compared the baseline characteristics of patients 
with 6, 12, 24 months follow up to patients without 6, 12,  
24 months follow up, respectively. UIP pattern on 
HRCT was defined as basal and subpleural predominant 
honeycombing opacit ies  associated with tract ion 
bronchiectasis (13). HRCT was evaluated by two experienced 
radiologists separately. The standard of assessment is shown 
in Figure S1. The controversial cases were discussed, until 
reaching a consensus. 

Highlight box

Key findings 
• Both the 1- and 2-year criterion are the reasonable choice to define 

progressive pulmonary fibrosis (PPF).

What is known and what is new? 
• The 1-year criterion is the standard definition of PPF.
• Our study demonstrated that the 2-year criteria had similar 

diagnostic efficiency with the 1-year criteria.

What is the implication, and what should change now?
• The clinical practitioners should make flexible application with the 

1- and 2-year criteria.
• The 0.5-year standard was inefficient to differentiate the PPF from 

interstitial lung disease, which should be carefully used in future 
research and clinical practice.
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UCSD-SOBQ is a domain-specific patient-reported 
measurement. It consists 24 questions assessing the severity 
of breathlessness in daily activities. Each question requests 
an answer scored from 0 to 5, representing ‘no dyspnea’ to 
‘maximally’. The sum of the scores indicates the severity 
of dyspnea (14), with higher scores representing worse 
condition of dyspnea. We used 8 points as the minimal 
important difference of UCSD-SOBQ, which was derived 
from patients with IPF (15). 

Statistical analysis

Quantitative data were presented as mean ± standard 
deviation or median (interquartile range); the enumeration 
data were presented as number (percent); For normally 
distributed data, one-way ANOVA was used for multi-
group comparisons, and then Bonferroni’s correction was 
adopted for the ex-post test. An independent sample t-test 
was used for two-group comparisons. P<0.05 was used to 
indicate statistical significance. All analyses were performed 
using Stata version 16 (StataCorp LLC, TX, USA).

Survival analysis

Survival time was defined from the date of baseline to 
the date of death or lung transplantation. Patients were 
censored at the time of last clinic visit, or initiation of 
antifibrotic treatment. Kaplan-Meier was used to display 
the survival time in patients with PPF. Log-rank test was 
used to compare the survival time in sub-group analysis. 
Cox regression was performed to determine risk factors for 
mortality. First, univariate Cox analyses were performed, 
followed by the multivariate Cox analysis using the 
significant risk factors (P<0.05) in the univariate analysis. 
The cutoff value were selected out according to the 
references (5,16) and the median value of the cohort.

Estimation of FVC% changes

The changes in FVC% was estimated by the mixed-
effect model, in which the fixed effects included the 
time interval for the PFT measurement, three groups of 
different diagnostic criteria, age, sex, smoking history, 
baseline FVC% and DLCO%. Then the predicted values of 
FVC% change were fitted by linear regression, and we also 
calculated the average change of FVC% in 1 year. For the 
sensitive analysis, we selected out the patients meeting to 
0.5-year criteria but not the 1-year criteria, patients meeting 
to 2-year criteria but not the 1-year criteria for analysis of 
survival and PFT measurement.

Results

Baseline data of PPF by the three diagnostic criteria

A total of 2,476 patients diagnosed with non-IPF fibrotic 
ILD were included (Table S1). We identified 246 PPF 
patients by 0.5-year standard, 154 patients by 1-year 
standard and 281 patients by 2-year standard (Figure 1).  
Among them, 95% patients (n=147) in 1-year group were 
also included in 2-year group. In contrast, there were only 
123 patients both in 0.5-year (50%) and 2-year (44%) 
group, and 83 patients both in 0.5-year (34%) and 1-year 
(54%) group. There were no significant differences of 
baseline characteristics between patients with and without 
6-month PFT data (Table S2), with and without 12-month 
PFT data (Table S3), with and without 24-month PFT data 
(Table S4).

Then we compared clinical diagnosis, demographic 
and PFT data of the three groups of patients (Table 2). 
Specifically, 0.5-year standard included more patients 
with CTD-ILD [other autoimmune-ILD, 0.5-year (33%) 
vs. 2-year (21%), P<0.05]. As a result, fewer patients in  
0.5-year group had UIP pattern on HRCT (26% vs. 47–

Table 1 The three diagnostic criteria of PPF

Domain 5-year 1-year 2-year

Symptoms Worsening respiratory symptoms Worsening respiratory symptoms Worsening respiratory symptoms

Pulmonary 
function

An absolute decline in FVC% over 
5%

An absolute decline in predicted FVC% 
over 5% or an absolute decline in 

DLCO% of 10%

An absolute decline in predicted FVC% over 
10%, or an absolute decline in predicted 

FVC% of 5–10%

Radiology – Increased fibrosis on HRCT Increased fibrosis on HRCT

PPF, progressive pulmonary fibrosis; FVC, forced vital capacity; DLCO, diffusing capacity of the lung for carbon monoxide; HRCT, high-
resolution computed tomography.
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49%, P<0.05). The interval time between diagnosis of ILD 
and diagnosis of PPF were 11, 19, 12 months for 0.5-, 1-, 
and 2-year groups, respectively. These results indicated that  
2- and 1-year standard identified patients with similar 
clinical characteristics, which were different from the 
patients in 0.5-year group.

Estimated changes in FVC% 

We used mixed effect model to evaluate the factors affecting 
lung function decline. In the model, we evaluated influences 
of fixed effects on changes of FVC%, which included Figure 1 Number of patients by the three different criteria. 

0.5-year

2-year

5 9266

2 42

121

81

1-year

Table 2 Compare the baseline characteristics between the three groups of PPF

Variable 0.5-year 1-year 2-year

Sample size 246 154 281

Unclassifiable ILD 45 (18%) 37 (24%) 58 (21%)

HP 25 (10%) 18 (12%) 41 (15%)

Other ILD 34 (14%) 22 (14%) 45 (16%)

CTD-ILD 142 (58%) 77 (50%) 137 (49%)

Rheumatoid arthritis-ILD 34 (14%) 19 (12%) 36 (13%)

Scleroderma-ILD 28 (11%) 21 (14%) 43 (15%)

Other autoimmune-ILD 80 (33%) 37 (24%) 58 (21%)#

Age, years 62±11 64±12 63±12

Male sex 107 (43%) 66 (43%) 112 (40%)

Ever-smoker 148 (60%) 104 (68%) 184 (65%)

Smoking pack-years 17 [5–36] 15 [7–29] 17 [7–35]

FVC, %-predicted 73±20 76±19 75±19

DLCO, %-predicted 55±18 59±20 58±19

6MWD, meters 430±130 412±119 429±113

UCSD-SOBQ total score 39±25 42±25 39±24

UIP pattern on HRCT 65 (26%) 73 (47%)* 158 (49%)#

Begin with diagnosis† 113 (46%) 75 (49%) 165 (59%)#

Time from diagnosis (months)‡ 11 [7–19] 19 [8–30] 12 [7–24]

Time interval of evaluation (months)§ 4.3±1.1 7.9±2.6 14.7±6.2

Data are shown as number (%), mean ± standard deviation, or median (interquartile range). *, P<0.05 the group of 1-year compared 
with the group of 0.5-year; #, P<0.05 the group of 2-year compared with the group of 0.5-year; †, the number of patients who begin the 
assessment of progression at the time of clinical diagnosis; ‡, mean time (months) from the time of clinical diagnosis to the time of starting 
the assessment of progression; §, mean time (months) between the two measurements for assessing progression. PPF, progressive 
pulmonary fibrosis; ILD, interstitial lung disease; HP, hypersensitivity pneumonitis; CTD-ILD, connective tissue disease-associated ILD; 
FVC, forced vital capacity; DLCO, diffusing capacity of the lung for carbon monoxide; 6MWD, 6-minute walk distance; UCSD-SOBQ, 
University of California, San Diego Shortness of Breath Questionnaire; UIP, usual interstitial pneumonia; HRCT, high-resolution computed 
tomography.
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time interval for the PFT measurement, age, sex, smoking 
history, baseline FVC% and DLCO%. Only time interval 
for PFT measurement was correlated with FVC% change 
(Figure 2, P<0.001). The average annual change in FVC% 
was −1.0% (95% CI: −0.4%, −1.6%) in 0.5-year group, 
−2.7% (95% CI: −1.8%, −3.5%) in 1-year group, and −4.1% 
(95% CI: −3.5%, −4.5%) in 2-year group. 

Survival of PPF

The survival time of the three groups is displayed in  
Figure 2. All three groups of patients didn’t reach the 
medium survival time in the 4-year follow up. The 2-, 
3-, and 4-year survival rates after diagnosis of progressive 
fibrosing were 83%, 72%, and 62% in 2-year group, 74%, 
66%, and 66% in 1-year group, 85%, 76%, and 74% in  
0.5-year group. 

For further comparison, we selected out the patients 
meeting to 0.5-year criteria but not the 1-year criteria 
(n=154), and compared these patients with group of  
1-year (Figure 3). Patients in 0.5-year group had higher 
survival rate (P=0.004), and milder decrease of FVC% 
(P<0.001) compared with 1-year group. Then the similar 
analyses were conducted between 2-year and 1-year group. 
Patients in group of 2-year had higher survival rate (P=0.02), 
and milder decrease of FVC% (P=0.002) compared with 
1-year group. However, at time of the 4th year, there was 
similar survival rate and FVC% changes in group of 2-year 

and 1-year. Besides, compared with group of 1-year, group 
of 2-year had 1.59% less decline of FVC%. But, the decline 
of FVC% was 6.53% less in group of 0.5-year, compared 
with 1-year group. In conclusion, the 1- and 2-year standard 
included the patients with the similar survival rates and 
similar FVC descent speed, which were worse than the 0.5-
year standard.

Risk factors for mortality of PPF

We performed the univariate Cox regression in patients 
with PPF (Table 3), and found four risk factors correlated 
with mortality, including baseline FVC% (HR 3.4, 95% 
CI: 1.9–6.1, P<0.001), baseline DLCO% (HR 7.3, 95% CI: 
2.8–18.7, P<0.001), change of UCSD-SOBQ scores (HR 
5.3, 95% CI: 1.2–22.6, P=0.02) and smoking history (HR 
2.1, 95% CI: 1.1–3.8, P=0.02). In multivariate analysis, only 
baseline DLCO% <50% was correlated with mortality, with 
a hazard ratio of 3.4 (95% CI: 1.1–10.6, P=0.03).

Survival analysis of subgroups

We further compared the survival of subgroups divided 
by the pre-selected risk factors (Figure 4). The 4-year 
survival was worse for patients with baseline FVC%<60% 
(P<0.001) and baseline DLCO% <50% (P<0.001) compared 
to patients with higher baseline PFT. And patients with 
changed UCSD-SOBQ <8 (P=0.01) had higher survival 

Figure 2 Survival rates and changes in FVC%. FVC, forced vital capacity.
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rate than those with greater changed UCSD-SOBQ scores. 
When analyzed by smoking history, the survival at 4-year 
was higher for patients without smoking history (P=0.02) 

compared with patients with smoking histories. There was 
no difference in survival rate between CTD and non-CTD 
patients (Figure S2).

Figure 3 Compare the survival rates and changes in FVC% of three groups of patients. FVC, forced vital capacity.
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Table 3 Factors associated with mortality using 2-year standard (n=281)

Variable
Univariate Multivariate 

HR (95% CI) P value HR (95% CI) P value

Baseline FVC% <60% 3.4 (1.9–6.1) <0.001 1.6 (0.6–4.2) 0.30

Baseline DLCO% <50% 7.3 (2.8–18.7) <0.001 3.4 (1.1–10.6) 0.03

UIP pattern 1.3 (0.7–2.4) 0.52 – –

Increase of UCSD-SOBQ >8 5.3 (1.2–22.6) 0.02 3.2 (0.7–13.8) 0.13

Non-CTD vs. CTD 1.0 (0.6–1.6) 0.92 – –

Smoked 2.1 (1.1–3.8) 0.02 1.8 (0.6–5.1) 0.26

Age† 1.0 (0.8–1.3) 0.89 – –

GERD 0.7 (0.4–1.3) 0.26 – –
†, age was stratified by 10 years old. FVC, forced vital capacity; DLCO, diffusing capacity of the lung for carbon monoxide; UIP, usual 
interstitial pneumonia; UCSD-SOBQ, University of California, San Diego Shortness of Breath Questionnaire; CTD, connective tissue 
disease; GERD, gastroesophageal reflux disease.
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Discussion

It is vital to distinguish PPF from fibrotic ILDs, given 
the beneficial effect of antifibrotic therapy for PPF (8,9). 
However, there are limited data on the comparison of 
different diagnostic criteria for PPF. We demonstrated in a 
large and diverse population of fibrotic ILD that the 1- and 
2-year standard were superior than the 0.5-year standard 
to identify PPF in patients with non-IPF fibrotic ILD, and 
baseline DLCO% is the independent predictor of mortality 
for PPF. These findings suggest that both the 1- and 2-year 
criterion are appropriate to use in future clinical trials, and 
also has potential utility in routine clinical practice to guide 
the use of antifibrotic agents. 

The 2-year criterion was used most widely (5-7,17) 
since it was proposed in the INBUILD trial (9). Compared 
with 2-year criterion, the 0.5-year criterion sets a lower 
threshold (5%) of FVC% change. It may include patients 

with temporary deterioration on PFT, particularly for those 
who experience the onsets of autoimmune inflammation in 
patients with CTD-ILD or IPAF. These patients are not 
traditionally-defined progressive fibrosing. In this study, 
the 0.5-year standard included 58% patents with CTD-
ILD, which was more than the other two groups. Besides, 
the 1- and 2-year criteria integrated the symptom, PFT and 
radiology, which gave a comprehensive evaluation of disease 
progression. Above all, both the 1- and 2-year criterion are 
appropriate to distinguish the progressive phenotype from 
fibrotic ILD. 

From our results, patients in 1- and 2-year group had 
the similar trajectory of PFT decline and survival. And, 
almost all patients (95%) identified by 1-year standard 
were also in 2-year group. However, there were 47.7% 
of patients in 2-year group who were not diagnosed by  
1-year criteria. Compared with the 1-year standard, the 
2-year standard prolongs the time of assessment, it raises 

Figure 4 Comparison of survival rates in subgroups. (A) Comparison of survival rates when patients are divided into two groups by baseline 
FVC% over or less than 60%. (B) Comparison of survival rates when patients are divided into two groups by baseline DLCO% over or less 
than 50%. (C) Comparison of survival rates when patients are divided into two groups by changes in UCSD-SOBQ over or less than 8. 
(D) Comparison of survival rates when patients are divided into two groups by smoking history. FVC, forced vital capacity; DLCO, diffusing 
capacity of the lung for carbon monoxide; UCSD-SOBQ, University of California, San Diego Shortness of Breath Questionnaire.
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the opportunity to recruit more patients, as some patients 
took the PFT test with a time interval of over 1 year, which 
made some patients with disease progression missing 
the diagnosis of PPF. Therefore, the 1-year standard 
included fewer patients than the 2-year criteria. As the  
1-year criteria has been proposed as the standard diagnostic 
criteria to identify PPF, the clinical practitioners should make 
flexible application with the 1- and 2-year criteria, especially 
for those meeting the 2-year standard, but not the 1-year 
standard, who take a certain portion of ILD patients in the 
real-world situation of China.

There are also disadvantages for the current diagnostic 
criteria. There is usually a long time between the timepoint 
when the patients start decline of in the performance PFT 
and the timepoint when they are diagnosed with progressive 
fibrosis. In our cohort the mean time for the assessment was 
7.9 months for 1-year criterion, and 14.7 months for 2-year 
criterion, which indicates that the treatment is usually 
initiated after the course when FVC decline has happened, 
and the pathological damage has already occurred. In 
order to make earlier and more precise identification of 
PPF, there are two suggestions for the future research. 
First, 0.5-year standard has the potential to make earlier 
diagnosis, and baseline DLCO% <50% can be set as one 
restricted condition to enable 0.5-year standard to identify 
progressive phenotype more precisely. However, additional 
studies would be needed to validate any changes to the 
current criterion. Second, there is urgent need to develop 
new markers for progressive fibrosing. With the application 
of artificial intelligence in radiology, some studies have 
already shown that imaging parameters might be able to 
recognize progressive tendencies earlier than the traditional 
parameters (18,19). It would be a promising direction to 
develop radiological marker by artificial intelligence or 
biological marker from broncho alveolar lavage fluid.

Baseline demographic characteristics of our cohort are 
generally similar to the patients from the placebo arm of 
INBUILD study (9). However, compared with INBUILD, 
we included more patients with CTD-ILD (49% vs. 27%). 
Accordingly, our cohort had fewer patients with UIP pattern 
(49% vs. 62%), and our 2-year group had higher FVC% 
(71% vs. 69%) and DLCO% (58% vs. 48%) than INBUILD 
placebo group. The annual decline in FVC% (4%) of our 
cohort was comparable with that in IPF patients (−2.1% in 
24 weeks) (20), but smaller than the raw data (7%) without 
adjustment from a precious PPF cohort (21). 

The 4-year survival rate in our cohort was 62%, which 
was lower than results from two previous studies: 80% for 

3-year survival rate (21) and 77.1% for 4-year survival rate (5).  
Our cohort, together with other two PPF cohorts, did 
not reach the medium survival time with 4-, 5- and 7-year 
follow up respectively. In contrast, the medium survival time 
of IPF is 3–5 years according to previous reports (22,23). 
These data suggested that the change in FVC% was similar 
in patients with IPF and patients of PPF, but the overall 
survival of PPF was better than that of IPF.

Robust predictive risk factors are vital for early 
identification of progressive fibrosing. For PPF, the 
previous study has demonstrated that FVC% decline is 
correlated with mortality in the one year after diagnosis (6).  
Our study demonstrates that baseline FVC% and DLCO% 
are correlated with post-diagnosis mortality for PPF. 
Among them, the baseline DLCO% is an independent 
predictor for mortality. Consistent with our results, the 
FVC% and DLCO% have been demonstrated as important 
predictors for mortality of other types of ILDs, as evidenced 
by other studies spanning IPF (24-27), systemic sclerosis-
associated ILD (28-30), unclassifiable ILD (31,32) and HP 
(33,34). These data indicate that regular PFT measurement 
is important to monitor the disease progression in patients 
with fibrotic ILD. 

Our study has the following limitations related to its 
retrospective and monocentric design. First, patients were 
enrolled from a single center, and confirmation of these 
findings with multicenter data and other populations 
would be beneficial. Second, the longitudinal data were not 
collected with fixed time interval, the criteria for disease 
progression could only be assessed against available data. 
However, there were no missing survival data, still allowing 
the robust survival analysis. Third, we included the patients 
with antifibrotic therapy within 6 months, which might 
impact on analysis of survival and pulmonary function. 
However, we reviewed the raw data of our cohort and found 
that only 11 patients (nintedanib 9; pirfenidone 2) received 
the antifibrotic therapy. Among them, 6 patients were 
included in the PPF group (all three criteria). The average 
time of the antifibrotic treatment was 2.6 (±1.0) months. 
Besides, these patients initiated the antifibrotic therapy 
after they were evaluated by the criteria of PPF, and they 
had no recheck data of pulmonary function during the time 
of antifibrotic therapy. As a result, the antifibrotic therapy 
had very small impact on our results. Finally, our data lack 
detailed information on treatment of immunosuppressants, 
which may influence the prognosis of PPF. Although, 
there were limited number of patients (15%) taking 
immunosuppressive agents.
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Conclusions 

In conclusion, this study compared the three diagnostic 
criteria for PPF using a large and heterogeneous population 
of patients with fibrotic ILD, and demonstrated the DLCO% 
at baseline is an independent predictor of mortality in 
patients with PPF. In the current situation, both the 1- and 
2-year criterion are the reasonable choices for diagnosis in 
research and clinical practice. 
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