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Background: Idiopathic pulmonary fibrosis (IPF) is the most common form of idiopathic interstitial
pneumonias (IIPs) of unknown etiology that often affects male, elderly smokers. However, it is sometimes
observed in never smokers. This study aimed to clarify the clinical characteristics of IPF in never-smoking
patients compared with those in smoking patients.

Methods: We retrospectively reviewed medical records, pulmonary function tests, and chest high-
resolution computed tomography (HRCT) scan of never-smoking and smoking IPF patients from July 1,
2008 to June 30, 2013 at our hospital.

Results: We identified 32 never-smoking IPF patients and 66 smoking IPF patients. Never-smoking IPF
patients developed more acute exacerbation (AE) than smoking IPF patients (50% vs. 18.2%, P<0.0001).
The strongest predictor of AE in never-smoking IPF was modified Medical Research Council (mMRC)
breathlessness scale [Hazards ratio (HR), 2.84, P=0.006]. The median survival time of never-smoking and
smoking were 18.5 (0.1-138) and 26.3 (0.1-98.4) months, P<0.0001, respectively. The Cox proportional
hazard model showed that 1-year mMRC breathlessness scale (HR, 3.24, P=0.001) and gender, age, and
physiology (GAP) score (HR, 1.59, P=0.029) were strong predictors of mortality in never-smoking IPF
patients at our hospital.

Conclusions: In conclusion, never-smoking IPF patients developed AE more often and showed poor
prognosis compared with smoking IPF patients. The 1-year mMRC breathlessness scale was an important

predictor of mortality at our hospital.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is the most common
and relentless fibrotic lung disease characterized by both
exertional dyspnea, non-productive cough, and often
has the presence of honeycombing observed via high-
resolution computed tomography (HRCT) (1-3), and a
usual interstitial pneumonia (UIP) pattern defines the
radiographic and histologic presentation. However, not
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all patients with IPF have honeycombing. Therefore, IPF
patients often show possible UIP pattern of HRCT (4).
The median survival of patients with IPF is approximately
3 years (5) and the commonest causes of death are acute
exacerbation (AE) and progressive respiratory failure (6,7).
The clinical course of IPF patients varies from stable to AE
(8,9). Therefore, predicting the survival of IPF patients is
particularly challenging for physicians.
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Majority of IPF patients are elderly males with a history
of smoking. However, we often encounter approximately
30% never-smoking IPF patients (4,10). There are relatively
few reports with detailed information regarding never-
smoking IPF patients. Therefore, the aim of this study was
to clarify the clinical characteristics of both never-smoking
patients and smoking IPF patients who were followed-up at
our hospital.

Methods

We retrospectively retrieved medical records of IPF
patients who underwent pulmonary function tests and chest
HRCT scans from July 1, 2008 to June 30, 2013 based on
ICD-9 codes at our hospital, and we evaluated chest HRCT
patterns based on the 2011 International IPF guidelines (11).

Patient characteristics at diagnosis included age, gender,
smoking history, passive smoking history, family history of
interstitial lung disease, modified Medical Research Council
(mMRC) dyspnea scale (12), dyspnea duration, presence of
pulmonary hypertension (PH), IPF treatments and survival.
We also repeated evaluations of mMRC scores a year
later. The laboratory findings of white blood cell (WBC)
count, lactate dehydrogenase (LDH), and Krebs von
den Lungen-6 (KL-6) values at diagnosis were reviewed.
Physiological findings included percent predicted forced
expiratory volume (1 second) (%FEV)), forced vital capacity
(FVCQ), percent predicted FVC (% FVC), total lung capacity
(TLC), percent predicted TLC (% TLC), diffusing capacity
of the lung for carbon monoxide (DLco), percent predicted
DLco (% DLco), DLco/alveolar volume (KCO), and
percent predicted KCO (%KCO). DLco were performed
with a single breath method. All pulmonary function data
were also obtained based on AT guideline of diagnosis (13).
Each patient underwent annual echocardiographic
examinations for evaluation of PH. PH was defined as
estimated systolic pressure over 40 mmHg based on
tricuspid valve regurgitation (TR) velocity.

Chest CT was obtained with 1.5-mm-thick axial sections
at 1-cm intervals throughout the entire thorax in the
inspiratory phase. No oral or intravenous contrast material
was administered. We chose three levels for imaging
scoring. These levels were (aortic arch, carina, and 1 cm
above the right diaphragm). We evaluated reticulation,
traction bronchiectasis, honeycombing, and emphysema.
Reticulation was defined as interlace lines within secondary
lobule.

In terms of scoring, reticulation was defined as follows:
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0, none; 1, involvement >25% of each zone; 2, 25%—
50% of each zone; and 3, >50% of each zone. Traction
bronchiectasis was defined as abnormal bronchial dilatation
with irregular bronchial walls. Traction bronchiectasis
was scored as follows: 0, none; 1, bronchial dilatation
involving bronchi distal to the fifth generation; 2, bronchial
dilatation involving fourth-generation bronchi; and 3,
bronchial dilatation involving third-generation bronchi.
Honeycombing was defined as a cluster of relatively
thick-walled (1-3 mm) cysts, 3-10 mm in diameter, with
or multiple cysts that shared walls and a single layer of
clustered subpleural cysts located in the periphery of the
lung, thereby ensuring that excluding paraseptal emphysema
is not present (14). Honeycombing was scored as follows: 0,
none; 1, involvement >25% of each zone; 2, 25%-50% of
each zone; and 3, >50% of each zone (15,16). Emphysema
was defined as low attenuation area with a CT value of less
than -960 hounsfield unit (HU) without definite walls.
Emphysema was scored as follows: 0, none; 1, less than 10%
involvement; and 2, over 10% involvement. These scores
were assessed in each of the six lung zones and total score
was calculated. Average score was defined as total score
divided into six. These CT data were evaluated at the initial
stage.

Regarding physiology, we also calculated two validated
composite measures of pulmonary physiology that
predict disease progression and mortality. We evaluated
gender, age, and physiology (GAP) staging system using
%FVC and %DLco values (17). We also calculated
the composite physiologic index (CPI) according to
the following formula (18): CPI =91-(0.65x%DLco)-
(0.53x%EFVC)+(0.34x% FEV)).

Follow-up period was defined from the diagnosis date
based on pulmonary function test until the death or cutoff
date. Cutoff date was defined as June 30, 2014 because we
wished to obtain 1-year mMRC for final patient.

Patient approval or informed consent was waived because
the Institutional Review Board of Okinawa Chubu Hospital
determined that this study was retrospective review
of patient records and physiology and images. AE was
defined as a sudden aggravation of dyspnea within 30 days
with new bilateral infiltration accompanying known IPF
or evidence of honeycombing on HRCT of the chest (19).
Patient records/information was anonymized and de-
identified prior to analysis in this study. The Institutional
Review Board of Okinawa Chubu Hospital approved this
retrospective study.
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Table 1 Clinical characteristics of comparison of smoking status of IPF patients

Characteristics Never-smoking IPF (n=32) Smoking IPF (n=66) P value
Age 73 [22-91] 73.3 [43-91] 0.897
Gender (men/women) 11/21 53/13 <0.001
Pack-year 0 52.7 [3-180] <0.001
mMRC breathlessness scale 1.4 [0-3] 2.4 [1-4] <0.001
1-year mMRC breathlessness scale 1.7 [0-4] 2.5[1-4] <0.001
Dyspnea duration [months] 7.4 [0-60] 12.4 [0-96] 0.352
Clubbing (%) 9.4 36.4 0.003
KL-6 [IU/L] 1220 [275-9,912] 1347 [624-4,280] 0.567
PAH (%) 31.2 31.8 0.796
Prednisolone use (%) 84.3 50.0 <0.001
Cyclosporine use 37.5 22.7 0.127
Pirfenidone 12,5 121 0.759
Acute exacerbation (%) 50 18.2 0.005
Time to acute exacerbation (months) 16.3 (0.16-100.8) 1.4 (0-15.6) <0.001
Survival (months) 18.5 (0.1-138.5) 26.3(0.1-98.4) <0.001
Follow-up period (months) 41.4 44.5 0.682

IPF, idiopathic pulmonary fibrosis; mMMRC, modified Medical Research Council; KL-6, Krebs von den Lungen-6.

Statistical analysis

Continuous variables are presented as medians, and
categorical variables are presented as percentages. The
Chi-square and Fisher’s exact tests were used to analyze
categorical data, and the unpaired #-test was used for
continuous data. Cox regression analysis was used to
identify significant variables predictive of mortality.

We performed univariate analysis for possible predictors
based on previous study about IPFE. (11) Threshold for the
candidates of predictor of AE and mortality was P<0.1.
After selecting the candidates, we performed stepwise
approach of multivariable analysis for the predictors of AE
and mortality. The Kaplan-Meier survival curves and the
log-rank test were used to evaluate survival. The level of
statistical significance was set at P<0.05. All analyses were
performed using Stata Data Analysis and Statistical Software
STATA version 11.0; (Stata Corp., College Station,
TX, USA).
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Results
Patient characteristics

During the observation period, we identified 32 never-
smoking IPF patients who were followed-up at our hospital.
In addition, we reviewed 66 consecutive smoking IPF
patients. The clinical characteristics of these IPF patients
are shown in (7able 1). The follow-up period was not
significantly different (41 vs. 44 months).

The never-smoking patient cohort included 11 men and
21 women aged approximately 73 [22-91] years. Of these,
three patients had a family history of interstitial lung disease
and eight reported a history of exposure to passive smoking.

Clinical symptom: the mean mMRC dyspnea scale score
and dyspnea duration of never-smoking and smoking group
were 1.4 (0-3) vs. 2.4 [1-4] months, P=0.0002, and 7.4 (0-60)
vs. 12.4 (0-96) months, P=0.352, respectively.

Physical findings: never-smoking IPF patients had
clubbing less often (9.4% vs. 36.4%, P=0.003) than the
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Table 2 Pulmonary function tests and composite physiologic measures according to the smoking status of IPF patients

Variables Never-smoking IPF (n=32) Smoking IPF (n=66) P value
Percent FEV, (%) 93.7 (22.7-175.2) 76.6 (31.4-106.3) 0.007
Percent DLco (%) 45.1 (28.6-105.9) 49.5 (16-99.7) 0.043
FVC (L) 1.58 (0.85-3.31) 1.82 (0.76-3.60) 0.355
Percent FVC (%) 74.0 (40.3-14.3) 76 (66.4-88.9) 0.398
GAP 3.9 [1-7] 4.7 [2-8] 0.014
CPI 54.3 [0-91] 37.1 [25.7-91] <0.001

IPF, idiopathic pulmonary fibrosis; FEV,, forced expiratory volume in 1 second; DLco, diffusing capacity for carbon monoxide; FVC, forced
vital capacity; GAP, gender age physiology; CPI, composite physiologic index.

Table 3 Radiological findings according to the smoking status of
IPF patients

Never-smoking ~ Smoking IPF

Variables IPF (n=32) (n=66) P value
Reticulation 1.63 [1-3] 1.91 [1-2] 0.012
Traction 1.66 [1-3] 1.94 [1-2] 0.008
bronchiectasis

Honeycombing 1.65 [1-2.7] 1.71 [1-2] 0.642
Emphysema 0.41 [0-2] 1.18 [1-2] <0.001

IPF, idiopathic pulmonary fibrosis.

smoking IPF patients.

Pulmonary function: with regard to pulmonary function,
although %FEV, was significantly higher in non-smokers
than in smokers, % DLCO was lower in non-smokers than
in smokers (Table 2). In addition, the mean GAP and CPI of
never-smoking IPF and smoking IPF groups were 3.9 [1-7]
vs. 4.7 [2-8], P=0.011 and 54.3 [0-91] vs. 37.1 [25.7-91],
respectively. At the diagnosis stage, never-smoking IPF
patients showed similar pulmonary dysfunction compared
with smoking IPF patients. However, combined index such
as CPI showed more severe functional impairment in never
smoking IPF patients.

Comorbidities: in terms of PH, there is no significant
difference between the groups. Eight patients (25%)
showed PH during the observation period. On the other
hand, 12 smoking IPF patients (18%) had PH. Among
never-smoking IPF patients, no one satisfied the criteria for
connective tissue diseases. Five patients were positive for
anti-nuclear antibody or rheumatoid factor. Two patients
showed sicca symptoms, such as dry mouth.
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Radiological findings: among never smoking IPF
patients, chest HRCT findings showed that 22 patients
had definite UIP patterns and 10 patients had possible UIP
patterns based on the 2011 International IPF guidelines.
Among the possible UIP pattern patients, seven patients
underwent surgical lung biopsy (SLB) and showed definite
pathological UIP patterns. The remaining three patients
were diagnosed with IPF based on multi-disciplinary
discussions. These three patients had clubbing and
HRCT showed lower lobe predominant reticular opacity
with definite traction bronchiectasis. In addition, these
patients showed progressive decline of %FVC over three
months. Compared with smoking IPF patients, never-
smoking IPF patients revealed less traction bronchiectasis
and emphysema (1.66 vs. 1.94, P=0.008, and 0.41 vs. 1.18,
P<0.001, respectively) (7able 3). In smoking IPF patients,
10.6% underwent SLB for definite diagnosis and 68%
underwent multi-disciplinary discussion. The remaining
32% patients were diagnosed by discussion of four chest
physicians. In majority of these patients without SLB, the
HRCT pattern showed definite UIP pattern.

Treatment: regarding treatment, 14 patients (43.8%)
received prednisolone monotherapy, 12 patients (37.5%)
took prednisolone and cyclosporine combination therapy,
4 patients (12.5%) received pirfenidone monotherapy in
never-smoking patients. Two patients were followed-up
without treatment. About 84% of the never smoking IPF
patients received prednisolone. On the other hand, only half
of the patients took prednisolone and 15 patients (22.7%)
received cyclosporine in smoking IPF patients. No patients
underwent lung transplantation.

AE: 50% and 18% of the never-smoking and smoking
patients, respectively, developed AE during the 18.5 months.

7 Thorac Dis 2016;8(6):1112-1120



1116 Kishaba et al. Clinical characteristics of IPF patients based on smoking status

1.00 7
Smoker IPF (n=66) Never smoker IPF (n=32)
0.75 7
P<0.0001
0.50 1
0.25 A
0.00 |
0 20 40 60 80 100

Analysis time (months)

Figure 1 Development of acute exacerbation in IPF patients. IPF,
idiopathic pulmonary fibrosis.

Table 4 Predictors of acute exacerbation in never-smoking IPF

patients

Predictors HR 95% ClI P value
mMRC 2.840 1.350-5.972 0.006
GAP 1.981 1.192-3.293 0.008
CPI 1.069 1.024-1.117 0.003
Cyclosporine use 3.500 1.580-5.792 0.001

IPF, idiopathic pulmonary fibrosis; HR, hazard ratio; mMRC,
modified Medical Research Council; GAP, gender, age,
physiology; CPI, composite physiology index; Cl, confidence
interval.

The median period from diagnosis to AE of never-smoking
and smoking patients was 16.3 (0.16-100.8) and 1.4 (0-15.6)
months, respectively, P<0.001. After the adjustment of CPI
and prednisolone use, never-smoking IPF patients tended
to show AE more often and late than that of smoking IPF
patients (Figure 1), and 68.8% of AE developed during
winter and early spring. The predictors of AE in never-
smoking IPF patients included mMRC breathlessness
scale [hazard ratio (HR), 2.84; P=0.006), GAP (HR, 1.981;
P=0.008), CPI (HR, 1.069; P=0.003), and cyclosporine
use (HR, 3.500; P=0.001) after adjustment of age and
dyspnea duration (Table 4). In smoking IPF patients, the
strong predictors of AE were dyspnea duration (HR, 1.25;
P=0.018), KL-6 (HR, 1.00; P=0.045), emphysema score of
chest HRCT (HR, 9.81; P=0.026), and cyclosporine use
(HR, 2.300; P=0.029) (Table 5). The ROC curve of KL-6
for AE showed that over 1,200 IU/L correctly classified of
the 74% of smoking IPF patients and the area under ROC
curve was 0.691.

Survival: the median survival period of never-smoking
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Table 5 Predictors of acute exacerbation in smoking IPF patients

Predictors HR 95% Cl P value
Dyspnea duration 1.250 0.905-1.728 0.018
KL-6 1.004 0.999-1.015 0.045
Emphysema score 9.811 3.204-30.407 0.0263
Cyclosporine use 2.300 0.450-7.550 0.029

IPF, idiopathic pulmonary fibrosis; HR, hazard ratio; KL-6, Krebs
von den Lungen-6.

1.00
Smoker IPF (n=66) P<0.0001
0.75
0.50
Never smoker IPF (n=32)
0.25
0.00 -

0 50 100 150
Analysis time (months)
Figure 2 Kaplan-Meier survival curve according to the smoking

status in IPF patients. IPE, idiopathic pulmonary fibrosis.

and smoking IPF patients was 18.5 (0.1-38) and 26.3
(0.1-98) months, respectively, P<0.001] (Zazble 1). After the
adjustment of baseline CPI, never-smoking IPF patients
showed worse prognosis than that of smoking IPF patients
(P<0.001) (Figure 2). The results of the Cox proportional
hazard model showed that the 1-year mMRC breathlessness
scale (HR, 3.24; P=0.001) and GAP score (HR, 1.59;
P=0.029) were strong predictors of mortality in never
smoking IPF patients (1able 6).

On the other hand, clubbing (HR, 3.990; P=0.017) and
GAP stage (HR, 2.505; P=0.032) were strong predictors
of mortality in smoking IPF patients (7zble 7). Among the
deceased patients, 30.8% patients died from pneumonia,
25.6% from AE, 20.5% from progressive respiratory failure
and 11.1% from lung cancer.

Discussion

Here we described the comparison of clinical characteristics
of never-smoking and smoking IPF patients in our
hospital. Compared with typical IPF patients, our cohort
had more women and patients with a greater family
history of interstitial lung disease. Steele, er a/. described

7 Thorac Dis 2016;8(6):1112-1120



Journal of Thoracic Disease, Vol 8, No 6 June 2016

Table 6 Predictors of mortality in never-smoking IPF patients

Predictors HR 95% Cl P value
“mMRC breathlessness  2.197 1.200-4.021 0.011
scale

One-year mMMRC 3.241 1.610-6.526 0.001
breathlessness scale

%DLco 0.965 0.930-1.001 0.059
GAP 1.594 1.049-2.423 0.029

IPF, idiopathic pulmonary fibrosis; HR, hazard ratio; mMRC,
modified Medical Research Council; DLco, diffusing capacity for
carbon monoxide; GAP, gender, age, physiology; Cl, confidence
interval.

Table 7 Predictors of mortality in smoking IPF patients

Predictors HR 95% CI P value
Clubbing 3.990 1.55-28.88 0.017
Percent FVC 1.018 0.952-1.089 0.053
GAP stage 2.505 1.449-15.121 0.032
Baseline CPI 0.999 0.949-1.052 0.081

IPF, idiopathic pulmonary fibrosis; HR, hazard ratio; Cl, confidence
interval; FVC, forced vital capacity; GAP, gender, age, physiology;
CPI, composite physiologic index.

approximately 309 familial interstitial pneumonia (FIP)
patients and they found that patient age, male sex, and
smoking history were important risk factors of FIP (20).
Therefore, individual susceptibility to fibrosis may partly
explain the development of IPF (21-23). In addition, a
quarter of these patients had a history of exposure to
passive smoking. Passive smoking may contribute to
emphysematous change in never-smoking IPF patients.
Also, the members of our patient cohort had no specific
occupational exposure history. Further studies are required
to examine these issues. In our cohort, none of the never-
smoking IPF patients satisfied the criteria of connective
tissue disease. Regarding age and dyspnea duration, there
was no significant difference between both never-smoking
IPF patients and smoking IPF patients. Therefore, there
is no lead time bias in our cohort. A majority of patients in
our cohort had possible UIP patterns of HRCT, indicating
a greater risk for the development of pathological UIP.
These findings were in accordance with those of a previous
report (24). We need future studies of patients with surgical
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biopsy to identify the criteria for a definite diagnosis of the
possible UIP (25). When evaluating potential predictors of
AE in our patients, we found that the mMRC score, GAP
score, and CPI were useful parameters in never-smoking
IPF patients. Song et al. (26) reported that never smoking
and reduced FVC were risk factors for AE of IPF. Our
never-smoking cohort had high incidence of AE in the long
term than smoking IPF patients. We could not identify the
reason of this event. In clinical course, never-smoking IPF
patients tended to have more progressive exertional dyspnea
than that of non-AE patients. Therefore, among the
heterogeneous IPF patients, never-smoking IPF patients
may be able to take sub-acute progression of disease activity.
In addition, majority of AE appeared during winter. Viral
infection and environment may contribute to it. Therefore,
we should monitor the symptoms, physiology, and seasonal
change cautiously. On the other hand, dyspnea duration,
KL-6, and HRCT emphysema score were strong predictors
of AE in smoking IPF patients. Our laboratory findings of
smoking IPF patients revealed a relatively high mean KL-6
value which may signify a greater risk for fibrosis (27-29).
In addition, serum KL-6 was the predictor of smoking
IPF patients. Therefore, an elevation of KL-6 such as over
1,200 was an alarming sign for possible AE in our cohort.
Therefore, KL-6 and smoking impact were reflected in
the prediction of AE in typical IPF patients. This result
was in accordance with our previous report on combined
pulmonary fibrosis and emphysema patients (30). Thus,
besides fibrosis, we should monitor both KL.-6 and the
extent of emphysema in smoking IPF patients. Based on our
result, high value of KL-6 indicates early AE in smoking
IPF patients. Severe alveolar epithelial injury may cause
early AE. In addition, emphysema has a strong relationship
with AE in smoking IPF patients; there is a possibility of a
relationship between capillary damage and AE in smoking
IPF patients. The etiology of less development of AE
in smokers remains unknown. For both never-smoking
and smoking IPF patients, immunosuppressants use such
as cyclosporine is a predictor of AE (Tables 4,5). This is
accordance with the PANTHER trial (31). We usually
used prednisolone and other immunosuppressant therapy
for progressive disease before the anti-fibrotic agent era.
Because progression of disease increases with increase in
cyclosporine use, intensive therapy is associated with the
development of AE or infection in IPF patients.

For physicians, it is important to choose which patients
to treat and how to monitor or predict the course of
progressive diseases, such as IPF. In addition, when using
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simple parameters, it is possible to create an applicable
staging system for hospitals worldwide. The clinical courses
of the IPF patients in this study widely varied; therefore,
disease activity should be carefully monitored (32). From
a clinical point of view, cough has been proposed as a
prognostic indicator of IPF (33,34). Never-smoking IPF
patients showed poor survival after adjustment of baseline
CPL. Analysis of the predictors of mortality in our cohort
identified both 1-year mMRC and GAP score as strong
predictors. We believe that our findings regarding changes
in mMRC should be considered in the breathlessness scale
and mortality in never-smoking IPF patients. Du Bois
et al. (35) reported a positive correlation between changes in
dyspnea and %FVC. The most recent idiopathic interstitial
pneumonia guidelines propose consideration of disease
behavior (36). Serial monitoring of trends in major clinical
symptoms is crucial to the management of this progressive
disease. Also, finger clubbing and GAP stage were useful
predictors of mortality in smoking IPF patients. Both
detailed physical examination and severity of physiology is
quite important for typical IPF patients. Regarding smoking
status and physiology, previous articles reported that
smoking IPF patients had less severe pulmonary dysfunction
because of smoker healthier effect (37,38).

Finally, in terms of treatment, many patients underwent
PSL-based therapy, of which 50% developed AE during the
observational period. AE following IPF is a common cause
of death (19,39). After the adjustment of prednisolone use,
never-smoking IPF patients had AE more often compared
with that of smoking IPF patients. Pirfenidone has been
previously reported to be effective for prevention of AE in
IPF patients (40-42). In addition, pirfenidone was shown
to reduce disease progression, while maintaining exercise
tolerance and promoting progression-free survival (10).
Pirfenidone is a promising agent for the prevention of AE
in never-smoking IPF patients in the future. Moreover, we
recently published staging-based management to monitor
AE in IPF patients (43).

There were several limitations to this study. First, this
was a retrospective study; therefore, some clinical data were
missing. Second, this study was conducted in a single center,
and our hospital is a referral center for IPF. Therefore,
there could be a selection bias. Our results of this study
may not be applicable to all never-smoking IPF patients.
However, the epidemiological and clinical characteristics
of our cohort were comparable to those cited in previous
reports. Third, we did not evaluate the detailed genotype
for MUCS5b, TERT/TERC and telomere length. Future
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studies will be needed to elucidate the genetic background
of never-smoking IPF patients. Fourth, we were unable
to completely evaluate changes in dyspnea grade and lung
function.

In conclusion, we clarified the clinical characteristics of
IPF in never-smoking patients through comparison with
smoking IPF patients. Never-smoking patients develop
AE more often and 1-year mMRC dyspnea scale was an
important predictor of mortality. In smoking IPF patients,
clubbing and physiology were useful predictors of mortality,
and HRCT emphysema extent was a crucial predictor of
AE. Combined evaluation of clinical symptom trends and
physiology is important to elucidate disease behavior and
predict mortality in never-smoking IPF patients. Future
multi-center studies are needed to validate our results for
never-smoking IPF patients.
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