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Patients Result

Conclusion
The prevalence of airway diseases in patients with IPF is low, but when airway 
diseases are accompanied by IPF, symptom severity and quality of life may worsen 
rapidly. 
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a specific form of 
chronic, progressive fibrosing interstitial pneumonia of un-
known etiology. It primarily occurs in elderly and is limited 
to the lungs. It is characterized by progressive worsening of 
dyspnea and lung function, which is associated with poor 
prognosis [1]. A recent analysis, based on healthcare claims 
data from a large health plan in the United States, estimat-
ed the prevalence of IPF to be between 14.0 and 42.7 per 
100,000 persons [2].

The main symptoms of IPF are dyspnea on exertion and 
persistent dry or mildly productive cough, affecting over 
70% to 85% of patients with IPF [3-5]. Additionally, air-
way diseases such as chronic obstructive pulmonary disease 
(COPD; prevalence rate 8.4% to 15.0%) [6], asthma (4.2% 
to 4.4%) [7], eosinophilic bronchitis (EB; 1.5% to 9.6%) 
[8], and asthma-COPD overlap (ACO) induce dyspnea and 
cough. 

To date, the prevalence and effects of airway diseases 
have not been thoroughly studied in patients with IPF. Un-
like IPF, airway diseases are relatively well treated using in-
haled bronchodilators (BDs) or inhaled corticosteroids (ICSs). 
Therefore, if patients with IPF have concurrent airway dis-

eases, treatment of these diseases may improve their quality 
of life (QOL).

The purpose of this study was to evaluate the prevalence 
of airway diseases in patients with IPF and to identify the 
differences in symptoms based on the presence of airway 
diseases. 

METHODS

Study design and subjects
This single-institution prospective cohort study was con-
ducted from June 2017 to September 2018, at the Seoul 
National University Hospital. The study was conducted in 
accordance with the amended Declaration of Helsinki and 
was approved by the Institutional Review Board (IRB) of 
Seoul National University Hospital (IRB no.: 1703-111-840). 
The participants were explained the purpose of this study, 
and written informed consent was obtained from each par-
ticipant. The study was registered with ClinicalTrials.gov 
(NCT03215147).

Patients who already had IPF or were newly diagnosed 
with IPF were included in the study. Subjects were excluded 
if they had contraindications for spirometry with bronchodi-
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lator response (BDR) or methacholine bronchial provocation 
test (MBPT), or if any of the following conditions were met: 
forced expiratory volume in 1 second (FEV1) < 1.5 L or < 
60%, resting peripheral oxygen saturation (SpO2) < 90%, 
home oxygen use, systemic steroid use, or acute exacerba-
tion of IPF within the last 6 months. In case of patients who 
were using an inhaler at the time of registration, the study 
was conducted after 1 day off medication when patients 
were using short-acting beta 2 agonist/short-acting musca-
rinic antagonist, 2 days off medication when patients were 
using long-acting beta 2 agonist (LABA), 1 week off medi-
cation when patients were using long-acting muscarinic an-
tagonist (LAMA), and 4 weeks off medication when patients 
were using an ICS.

Data collection
Demographic findings such as age, sex, body mass index, 
smoking history, and medications were collected for base-
line evaluation of the enrolled patients. Pulmonary func-
tion test (PFT) and 6-minute walk test (6MWT) data which 
includes nadir SpO2 and 6-minute walk distance (6MWD) 
were collected to assess physiological status. In this study, 
the clinical outcomes were limited to assessment of symp-
tom severity and QOL. The modified Medical Research 
Council (mMRC) dyspnea scale, COPD assessment test 
(CAT), St. George’s Respiratory Questionnaire (SGRQ), Euro-
Qol-5 dimension (EQ-5D) index, and cough-specific quality 
of life questionnaire (CQLQ) data were collected to assess 
symptom severity. PFT with BDR, MBPT, induced sputum (IS) 
examination with eosinophil stain, multiple antigen simul-
taneous test (MAST), fractional exhaled nitric oxide (FENO), 
serum immunoglobulin E (IgE), and blood eosinophil count 
were performed to confirm the presence of airway diseases.

If the patient was diagnosed with COPD, they received 
treatment according to the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD, 2017) guidelines [9] for 3 
months. If asthma, ACO, or EB was confirmed, the patient 
was treated according to the Global Initiative for Asthma 
(GINA, 2017) guidelines [10]. After 3 months of treatment, 
the patients were evaluated to assess symptom improve-
ment using mMRC, CAT, SGRQ, 6MWT, EQ-5D, and CQLQ.

Diagnostic criteria 
IPF was diagnosed according to the American Thoracic So-
ciety/European Respiratory Society/Japanese Respiratory 
Society/Latin American Thoracic Association (ATS/ERS/JRS/

ALAT) guidelines [1]. First, we excluded patients with inter-
stitial lung disease caused by other known etiologies, such 
as drug toxicity, environmental exposure, and connective 
tissue disease. A definite usual interstitial pneumonia pat-
tern on high-resolution computed tomography (HRCT) and/
or surgical lung biopsy is required to diagnose IPF.

COPD, asthma, and ACO were defined according to the 
GOLD 2017 [9] and the GINA 2017 guidelines [10]. COPD 
is defined as a post-BD FEV1/forced vital capacity (FVC) ra-
tio of < 0.7. Asthma is defined by a positive BD reversibility 
test showing an increase in FEV1 of > 12% and > 200 mL 
from baseline 10–15 minutes after 200–400 μg albuterol or 
equivalent, or by positive MBPT showing a fall in FEV1 from 
baseline of ≥ 20% with standard doses of methacholine. 
ACO is defined when the following two conditions are sat-
isfied: post-BD FEV1/FVC < 0.7, and post-BD FEV1 > 12% 
and > 200 mL from baseline.

EB diagnosis was confirmed with positive IS eosinophilia 
presenting with an eosinophil count of ≥ 3% without air-
flow limitation and a high level of FENO (low FENO < 25 
ppb; high FENO ≥ 50 ppb) [11-13].

Outcomes and statistical analysis
The primary outcome of this study was the prevalence of 
airway disease in patients with IPF. Prevalence was analyzed 
using descriptive statistics expressed as mean and standard 
error. Tests to confirm airway disease and allergic predispo-
sition were partially completed in some subjects. For preva-
lence analysis, the total number was defined as the number 
of patients who completed all the tests.

The secondary outcome of this study was the differences 
in symptom severity according to the presence of combined 
airway diseases and the improvement of symptoms after 
treatment for 3 months. 

For categorical variables, data were analyzed using Fish-
er’s exact test or Pearson’s chi-squared test. For numerical 
variables, Mann-Whitney test or Student’s t test was un-
dertaken. We used propensity score-matched (1:3) analysis 
to match participants with or without airway disease. We 
analyzed repeated-measured variables using the Wilcoxon 
signed-rank test or repeated measures analysis of variance 
(RM-ANOVA).

The results were considered significant if p values were < 
0.05. All analyses were conducted using the SPSS version 
22.0 (IBM Co., Armonk, NY, USA).
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RESULTS

A total of 147 patients with IPF were screened, and 73 pa-
tients were excluded. The remaining 74 patients provided 
written informed consent and participated in the study. 
Amongst these, four patients were lost to follow-up, and 
thus 70 patients were included in the analysis (Fig. 1). Base-
line characteristics of the subjects are presented in Table 1. 
The median age was 70 years, and 74.3% of the subjects 
were men. PFT results were 77.25% ± 1.78% for FEV1, 
89.97% ± 2.09% for FVC and 66.18% ± 2.05% for dif-
fusing capacity for carbon monoxide (DLco). The average 
6MWD was 474.81 ± 10.95 m, and 12 patients (17.2%) 
had mMRC dyspnea scale of 2 or greater (Table 1). The 
prevalence of airway diseases, which was the primary out-
come of this study, was 5.0% for COPD, 1.7% for asthma, 
3.3% for ACO, and 1.7% for EB. One patient had both 
COPD and EB. Because some subjects did not undertake all 
the tests, the number of patients who completed all tests 
was taken as the total number of subjects (n = 60). We also 
analyzed each test to evaluate the allergic predisposition in 
patients with IPF. The results are shown in Table 2. Among 

the tests, IS eosinophilia and increased IgE (total IgE > 100 
IU/mL) were observed in 23.3% and 31.7% of participants, 
respectively (Table 2).

Baseline characteristics and clinical outcomes, such as 
symptom severity and QOL, were compared between the 
two groups according to the presence of airway diseases, 
including COPD, asthma, ACO, and EB. There was a sig-
nificant difference in FEV1 (91.53 ± 2.16 vs. 73.83 ± 3.88, 
p = 0.006), FEV1/FVC (81.66 ± 0.74 vs. 67.67 ± 2.84, p 
< 0.001), 6MWD (484.30 ± 10.76 vs. 388.50 ± 43.92, p 
= 0.036), but the clinical outcomes were not different be-
tween the two groups (Supplementary Table 1). Eleven pa-
tients without 3-month follow-up data were excluded when 
comparing the longitudinal differences in clinical outcomes 
between the two groups with and without airway diseases. 
Finally, clinical outcomes after 3 months were compared in 
59 patients: CAT (14.68 ± 1.16 vs. 17.10 ± 1.24, p = 0.011), 
SGRQ (30.09 ± 2.72 vs. 33.50 ± 2.75, p = 0.010), and mMRC 
(0.81 ± 0.107 vs. 1.07 ± 0.130, p = 0.037) scores were sig-
nificantly worse after 3 months (Table 3). The results of PFT 
after 3 months showed that, FEV1 was not significantly 
different between the groups (91.16 ± 2.36 vs. 78.83 ± 
4.57, p = 0.086) and FEV1/FVC was significantly lower in 
the airway disease group (81.54 ± 0.87 vs. 70.33 ± 3.31, p 
= 0.003) (Supplementary Table 1).

Next, we compared the changes in clinical outcomes 
between the two groups according to the presence of air-
way disease. The CAT (p = 0.052), SGRQ (p = 0.040), and 
CQLQ (p = 0.027) scores were significantly higher in pa-
tients with airway disease than in those without the disease 
(Supplementary Table 2). Propensity score-matched analysis 
was performed with FVC and FEV1 due to the low base-
line lung function and exercise capacity of the group with 
airway disease. Matching was performed at a ratio of 1:3. 
Six patients with airway disease and 18 patients without air-
way disease were included in the analysis. In the baseline 
characteristics after correction, only FEV1/FVC (78.33 ± 1.17 
vs. 67.67 ± 2.84, p < 0.001) was significantly lower in the 
group with airway disease. FEV1 (77.33 ± 2.29 vs. 73.83 ± 
3.88, p = 0.450), FVC (69.67 ± 2.74 vs. 75.00 ± 5.03, p = 
0.348), DLco (62.17 ± 3.05 vs. 52.60 ± 5.95, p = 0.160), 
and 6MWD (469.35 ± 20.78 vs. 388.50 ± 43.92, p = 0.076) 
were not significantly different between the two groups 
(Supplementary Table 3). The SGRQ (p = 0.028) and CQLQ 
(p = 0.030) scores were significantly higher in patients with 
airway disease than in those without (Fig. 2).

147 Screening of IPF patients
       ILD registry
       Outpatient clinic

74 Informed consent

70 Included in analysis

COPD ACO EB No airway diseaseAsthma

4 Lost to follow-up

73 Excluded patients
    16 Using steroid
    12 Home oxygen therapy 
    16 Reject
    29 Other reasons

Figure 1. Flow chart of the study. IPF, idiopathic pulmonary fi-
brosis; ILD, interstitial lung disease; COPD, chronic obstructive 
pulmonary disease; ACO, asthma-COPD overlap; EB, eosinophilic 
bronchitis. 
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Subjects who needed inhaler were defined as those with 
airway disease, positive results for IS, or high FENO. Compli-
ance was assessed by confirming whether the patient was 

using the inhaler correctly and by evaluating whether the 
inhaler was used continuously for 3 months.

One patient with both COPD and EB used ICS, one patient 
with COPD used ICS/LABA, and one patient with COPD was 
not prescribed an inhaler. One ACO patient used ICS/LABA, 
another patient used ICS/LABA + LAMA, and one patient 
with asthma used ICS/LABA. Seven IS-positive patients used 
ICS, one of the two high FENO patients used ICS/LABA, and 
the other patient used ICS. ICS was not indicated in one 
patient; however, the patient used it, and was therefore ex-
cluded from further analysis.

To evaluate the effect of appropriate inhaler use on clin-
ical outcomes, we compared the changes in symptom se-
verity and QOL scores between patients who used inhalers 
appropriately according to their airway disease and those 
who did not. The following 11 participants were excluded 
from this analysis: seven patients who had airway disease or 
allergic disposition but did not use an inhaler, one patient 
who was not indicated for inhaler use but used an inhaler, 
and three patients with poor inhaler compliance. The re-
maining 48 participants who were divided into two groups 
according to their airway disease, use of an inhaler, and the 
changes in clinical outcomes were analyzed. There was no 
difference in the baseline characteristics between the two 

Table 2. Prevalence of airway disease and allergic predis-

position in patients with idiopathic pulmonary fibrosis

Variable No. (%)

Prevalence of airway disease 

COPD 3 (5.0)

Asthma 1 (1.7)

ACO 2 (3.3)

EB 1 (1.7)

Allergic predisposition 

Induced sputum eosinophilia 14 (23.3)

FENO, high 5 (8.3)

Increasing IgE 19 (31.7)

Blood eosinophilia 6 (10.0)

MAST, above class 3 7 (11.7)

The patients who completed all tests was defined as the total 
number of subjects (n = 60). 
COPD, chronic obstructive pulmonary disease; ACO, asth-
ma-COPD overlap; EB, eosinophilic bronchitis; FENO, fractional 
exhaled nitric oxide; IgE, immunoglobulin E; MAST, multiple 
antigen simultaneous test.

Table 1. Baseline characteristics of patients (n = 70)

Characteristic

Demographic characteristic

Age, yr 70 (50–84)

Male sex 52 (74.3)

BMI, kg/m2 24.31 ± 0.34

Smoking status

Never 26 (37.1)

Ever 37 (52.9)

Current 2 (2.9)

Smoking amount, pack-yr 15.9 ± 2.1

Pulmonary function test

FEV1, % pred 89.97 ± 2.09

FVC, % pred 77.25 ± 1.78

DLco, % pred 66.18 ± 2.05

FEV1/FVC, % pred 80.46 ± 0.85

6-minute walk test 

Distances, m 474.81 ± 10.95

Nadir SpO2, % 87.42 ± 1.00

Scoring system of symptom severity, QOL

mMRC dyspnea scale

0 28 (40.0)

1 26 (37.1)

2 10 (14.3)

3 2 (2.9)

CAT 14.67 ± 1.08

SGRQ 29.46 ± 2.53

EQ-5D index 0.840 ± 0.064

CQLQ 47.26 ± 1.68

Cough VAS 3.40 ± 0.35

Values are presented as median (range), number (%), or mean 
± standard error. 
BMI, body mass index; FEV1, forced expiratory volume in 1 
second; % pred, % of predicted value; FVC, forced vital ca-
pacity; DLco, diffusing capacity for carbon monoxide; SpO2, 
resting peripheral oxygen saturation; QOL, quality of life; 
mMRC, modified Medical Research Council; CAT, COPD as-
sessment test; SGRQ, St. George’s Respiratory Questionnaire; 
EQ-5D, EuroQol-5 dimension; CQLQ, cough quality of life 
questionnaire; VAS, visual analog scale.
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groups (Supplementary Table 4). The CAT (p = 0.012) and 
mMRC (p = 0.013) scores significantly increased in patients 
using inhalers than in those not using them (Fig. 3).

Finally, among the total patients who needed to use in-
halers, 11 with good inhaler compliance and 10 who were 
not using an inhaler appropriately were compared. There 
was no difference in the baseline characteristics between 
these two groups (Supplementary Table 5). Only the CAT (p 
= 0.012) scores were significantly increased in patients with 
good inhaler compliance (Fig. 4). When the same analysis 
was performed with only three patients with COPD and two 
patients with ACO, there were no significant differences in 
the symptom severity scores, which may have been due to 
the small sample size (Supplementary Fig. 1).

DISCUSSION

In the general population, the prevalence of COPD is 8.0% 
to 15.0% [6], asthma prevalence is 4.1% to 44.4% [7], and 
the prevalence of EB is 1.8% to 4.6% [8]. However, the 
prevalence of airway diseases such as COPD, asthma, ACO, 
and EB in patients with IPF has not been well researched. In 
this study, the prevalence of airway diseases in patients with 
IPF was 5.0%, 1.7%, 3.3%, and 1.7% for COPD, asthma, 
ACO, and EB, respectively; this is lower than that observed 
in the general population. A recent review showed that the 
resistance of the conducting airway was reduced in patients 
with IPF [14]. The mean value of FEV1/FVC obtained from 

the data set of 55 patients with IPF was 0.83, which was 
higher than 0.74 for men and 0.75 for females according 
to the ERS reference equations [15]. The ratio of the forced 
expiratory flow at 25% to 75% of FVC (FEF 25%–75%) 
to FVC (FEF 25%–75%/FVC) was positively correlated with 
the degree of IPF progression confirmed through HRCT 
[16]. When volumetric capnography was used to measure 
the volume of the conducting airways, patients with IPF had 
higher conducting airway volumes than those without [17]. 
The dilation of the conducting airway is thought to be asso-
ciated with a lower prevalence of airway disease in patients 
with IPF than in the general population.

IS analysis is a safe, non-invasive method and a suitable 
tool for evaluating respiratory tract inflammation in patients 
with IPF [18]. It has previously been reported that IS eosino-
philia is observed in 40% to 60% of patients with IPF [19]. 
A study by Peterson et al. [20] showed that patients with 
IPF who failed to respond to treatment with corticosteroids 
had increased eosinophil counts in bronchoalveolar lavage. 
However, because steroids are not currently a treatment op-
tion for IPF, their clinical significance is unknown. According 
to the official ATS clinical practice guidelines, FENO ≥ 50 
ppb is used to indicate bronchial eosinophilic inflammation 
and can, therefore, be an indicator of responsiveness to cor-
ticosteroids in symptomatic patients [11]. Conversely, in one 
study, the median FENO value of patients with IPF was 22 
ppb, and in an another one, the value was 8.6 ppb [12,13]. 
Therefore, in this study, we defined EB in patients with IPF 
according to the following two conditions: eosinophil count 

Table 3. Differences in the symptoms and quality of life between baseline and 3-month follow-up 

Variable Initial score Score at 3-month follow-up p valuea

CAT 14.68 ± 1.16 17.10 ± 1.24 0.011b

SGRQ 30.09 ± 2.72 33.50 ± 2.75 0.010b

mMRC 0.81 ± 0.107 1.07 ± 0.130 0.037b

CQLQ 48.00 ± 1.81 48.36 ± 2.07 0.827

EQ-5D 0.777 ± 0.020 0.7807 ± 0.024 0.942

Cough VAS 3.66 ± 0.369 4.16 ± 0.386 0.158

Values are presented as mean ± standard error.
CAT, COPD assessment test; SGRQ, St. George’s Respiratory Questionnaire; mMRC, modified Medical Research Council; CQLQ, 
cough quality of life questionnaire; EQ-5D, EuroQol-5 dimension; VAS, visual analogue scale.
aDifferences between the two groups were tested with Wilcoxon signed-rank test for continuous variables and chi-squared test for 
dichotomous variables. 
bp < 0.05.
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Figure 2. Changes in the clinical outcomes according to the presence of airway diseases in the groups after propensity score matching 
with forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1). (A) Chronic obstructive pulmonary disease (COPD) 
assessment test (CAT) score, (B) St. George’s Respiratory Questionnaire (SGRQ) score, (C) modified Medical Research Council (mMRC) 
dyspnea scale, (D) cough quality of life questionnaire (CQLQ) score, (E) EuroQol-5 dimension (EQ-5D) score, and (F) cough visual analogue 
scale (VAS) score. The analysis was carried out with 24 patients after excluding 11 patients who were lost to follow-up and matching by 
propensity score matched analysis with FVC and FEV1. Increasing scores indicate worsening outcomes in CAT, SGRQ, CQLQ, VAS, and 
mMRC. Decreasing scores indicate worsening outcomes in EQ-5D. Differences between the two groups were tested using repeated mea-
sures analysis of variance (RM-ANOVA). Visit 1, baseline; Visit 2, 3-month follow-up. ap < 0.05.
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Figure 3. Comparison of changes in the clinical outcomes between patients who used inhalers for their airway diseases and those who 
did not use inhalers due to the absence of airway disease. (A) Chronic obstructive pulmonary disease (COPD) assessment test (CAT) score, 
(B) St. George’s Respiratory Questionnaire (SGRQ) score, (C) modified Medical Research Council (mMRC) dyspnea scale, (D) cough quality 
of life questionnaire (CQLQ) score, (E) EuroQol-5 dimension (EQ-5D) score, and (F) cough visual analogue scale (VAS) score. The analysis 
was carried out with 48 subjects excluding 11 patients who were lost to follow-up and 11 patients who used inhaler improperly. Increas-
ing scores indicate worsening outcome in CAT, SGRQ, CQLQ, VAS, and mMRC. Decreasing scores indicate worsening outcome in EQ-
5D. Differences between the two groups were tested using repeated measures analysis of variance (RM-ANOVA). Visit 1, baseline; Visit 2, 
3-month follow-up. ap < 0.05.
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Figure 4. Changes in clinical outcomes depending on the use of inhalers in patients who needed inhalers. (A) Chronic obstructive pulmo-
nary disease (COPD) assessment test (CAT) score, (B) St. George’s Respiratory Questionnaire (SGRQ) score, (C) modified Medical Research 
Council (mMRC) dyspnea scale, (D) cough quality of life questionnaire (CQLQ) score, (E) EuroQol-5 dimension (EQ-5D) score, and (F) 
cough visual analogue scale (VAS) score. The analysis was carried out with 21 subjects who had airway diseases, positive result of induced 
sputum, or a high level of fractional exhaled nitric oxide. Increasing scores indicate worsening outcomes in CAT, SGRQ, CQLQ, VAS, and 
mMRC. Decreasing scores indicate worsening outcome in EQ-5D. Differences between the two groups were tested using repeated mea-
sures analysis of variance (RM-ANOVA). Visit 1, baseline; Visit 2, 3-month follow-up. ap < 0.05.
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in IS above 3% without airflow limitation, and FENO value 
above 50 ppb.

The effect of airway diseases on the clinical outcomes of 
patients with IPF is also unknown. It is well known that in 
the general population, the clinical outcomes of patients 
with airway diseases are worse; however, they improve with 
the use of an inhaler. In this study, the clinical outcomes at 
the 3-month follow-up of patients with airway disease were 
worse than those of patients without airway diseases. 

The use of inhalers was thought to improve the clinical 
outcome; however, analysis of total subjects who required 
an inhaler (with airway disease or positive result of IS or high 
FENO) showed no significant differences in outcomes except 
CAT scores between patients with good inhaler compliance 
and patients not appropriately using an inhaler. Rather, the 
CAT score significantly increased in the group using inhal-
ers. The baseline symptom severity and QOL scores of pa-
tients who used inhalers were worse than those of patients 
who did not use inhalers (Fig. 4). It is appropriate to infer 
that patients with severe symptoms probably showed high-
er compliance than those with light symptoms, but the in-
haler was of no use to patients with severe symptoms and 
resulted in worse results on their second visit. Therefore, this 
may have acted as a bias in the distribution of patients with 
worse CAT scores as those who used inhalers well. In addi-
tion, the use of an inhaler may cause complications, such as 
cough, which may have also affected the deterioration of 
the CAT score.

The inflammation or hyperresponsiveness of airway dis-
eases may have a minor impact on the patient’s symptoms  
and QOL, since the main cause of symptoms and QOL de-
terioration in patients with IPF is pulmonary parenchymal 
destruction due to pulmonary fibrosis.

This study had several limitations. The prevalence of IPF 
was low; thus, few patients were enrolled, and the exam-
ined period of inhaler use and follow-up was short too. The 
results after a 3-month follow-up showed that the clinical 
outcomes were worse in patients with airway disease, but 
the initial clinical outcomes did not show a significant dif-
ference between the two groups. This study likely needs to 
be conducted with a longer follow-up period and a larger 
sample size. In addition, to determine whether the use of 
inhalers improves actual clinical outcomes, more specific 
grouping should be used to examine patients who may see 
great benefit from inhaler use. Thereafter, the group should 
have been divided into groups using inhalers, not inhalers, 

and placebo groups. However, another limitation of this 
study was that no such randomization with a control group 
was done.

In conclusion, the prevalence of airway diseases in patients 
with IPF is low, but when airway diseases are accompanied 
by IPF, clinical outcomes may worsen rapidly. Patients with 
IPF and allergic predisposition are unlikely to benefit from 
inhaler therapy. Inhalers themselves may have side effects 
(cough, infection, etc.), and it is therefore advisable that its 
use be limited to patients in need of inhaler therapy.
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Supplementary Table 1. Comparison of the groups with and without airway diseases

Variable Without airway diseases (n = 64) With airway diseases (n = 6) p value

Age, yr 68.30 ± 0.94 72.00 ± 3.00 0.279

Male sex 48 (75.0) 4 (66.7) 0.643

BMI, kg/m2 24.45 ± 0.36 22.82 ± 0.81 0.182

Smoking status 0.485

Never 25 (41.7) 1 (20.0)

Ever 33 (55.0) 4 (80.0)

Current 2 (3.3) 0 

Smoking amount, pack-yr 15.35 ± 2.23 22.00 ± 6.04 0.331

FEV1, % pred 91.53 ± 2.16 73.83 ± 3.88 0.006a

FVC, % pred 77.47 ± 1.90 75.00 ± 5.03 0.721

DLco, % pred 67.27 ± 2.11 52.60 ± 5.95 0.059

FEV1/FVC, % pred 81.66 ± 0.74 67.67 ± 2.84 < 0.001a

FEV1, 3-month follow-up, % predb 91.16 ± 2.36 78.83 ± 4.57 0.086

FVC, 3-month follow-up, % predb 77.39 ± 2.08 77.33 ± 5.62 0.915

DLco, 3-month follow-up, % predb 65.86 ± 2.54 49.33 ± 4.84 0.105

FEV1/FVC, 3-month follow-up, % predb 81.54 ± 0.87 70.33 ± 3.31 0.003a

6MWD, m 484.30 ± 10.76 388.50 ± 43.92 0.036a

6MWT, nadir SpO2, % 87.76 ± 0.98 84.17 ± 5.25 0.603

mMRC dyspnea scale 0.181

0 25 (39.1) 3 (50)

1 25 (39.1) 1 (16.7)

2 9 (14.1) 1 (16.7)

3 1 (1.6) 1 (16.7)

CAT 14.78 ± 1.14 13.50 ± 3.90 0.671

SGRQ 29.09 ± 2.65 33.16 ± 9.05 0.721

EQ-5D index 0.850 ± 0.071 0.744 ± 0.064 0.701

CQLQ 47.00 ± 1.66 49.83 ± 8.60 0.628

Cough VAS 3.31 ± 0.36 4.33 ± 1.20 0.331

Values are presented as mean ± standard error or number (%). Differences between two groups were tested with t tests for con-
tinuous variables and chi-squared test for dichotomous variables. 
BMI, body mass index; FEV1, forced expiratory volume in 1 second; % pred, % of predicted value; FVC, forced vital capacity; DLco, 
diffusing capacity for carbon monoxide; 6MWD, distance of 6-minute walk test; 6MWT, 6-minute walk test; SpO2, resting periph-
eral oxygen saturation; mMRC, modified Medical Research Council; CAT, chronic obstructive pulmonary disease (COPD) assess-
ment test; SGRQ, St. George’s Respiratory Questionnaire; EQ-5D, EuroQol-5 dimension; CQLQ, cough quality of life questionnaire; 
VAS, visual analogue scale.
ap < 0.05.
bValues were results of t tests with 59 patients who had 3-month follow-up data. 
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Supplementary Table 2. Changes in clinical outcomes according to the presence of airway diseases

Variable Without airway diseases (n = 53) With airway diseases (n = 6) p valuea

CAT 1.87 ± 0.89 7.33 ± 2.26 0.052

SGRQ 2.270 ± 1.61 13.450 ± 7.17 0.040b

mMRC 0.26 ± 0.12 0.17 ± 0.48 0.804

CQLQ –0.87 ± 1.68 11.00 ± 5.19 0.027b

EQ-5D 0.012 ± 0.023 –0.074 ± 0.062 0.235

Cough VAS 0.38 ± 0.325 1.50 ± 1.147 0.284

Values are presented as mean ± standard error.
CAT, chronic obstructive pulmonary disease (COPD) assessment test; SGRQ, St. George’s Respiratory Questionnaire; mMRC, modi-
fied Medical Research Council; CQLQ, cough quality of life questionnaire; EQ-5D, EuroQol-5 dimension; VAS, visual analogue scale. 
aThe analysis was carried out with 59 patients excluding 11 patients who were lost to follow-up. Differences between the two 
groups were tested using repeated measures analysis of variance (RM-ANOVA). 
bp < 0.05.
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Supplementary Table 3. Comparison of the groups with and without airway diseases after propensity score matching with 

FVC and FEV1

Variable Without airway diseases (n = 18) With airway diseases (n = 6) p value

Age, yr 66.72 ± 1.36 72.00 ± 2.97 0.082

Male sex 13 (72.2) 4 (66.7) 1.000

BMI, kg/m2 25.17 ± 0.65 22.83 ± 0.80 0.070

Smoking status 0.613

Never 7 (41.2) 1 (20.0)

Ever 10 (58.8) 4 (80.0)

Current 0 0 

Smoking amount, pack-yr 18.92 ± 4.40 22.00 ± 6.04 0.903

FEV1, % pred 77.33 ± 2.29 73.83 ± 3.88 0.450

FVC, % pred 69.67 ± 2.74 75.00 ± 5.03 0.348

DLco, % pred 62.17 ± 3.05 52.60 ± 5.95 0.160

FEV1/FVC, % pred 78.33 ± 1.17 67.67 ± 2.84 < 0.001a

FEV1, 3-month follow-up, % pred 77.83 ± 2.42 78.83 ± 4.57 0.779

FVC, 3-month follow-up,% pred 69.06 ± 2.87 77.33 ± 5.62 0.172

DLco, 3-month follow-up, % pred 59.71 ± 3.43 49.33 ± 4.84 0.239

FEV1/FVC, 3-month follow-up, % pred 78.59 ± 1.45 70.33 ± 3.31 0.015a

6MWD, m 469.35 ± 20.78 388.50 ± 43.92 0.076

6MWT, nadir SpO2, % 87.31 ± 1.97 84.17 ± 5.25 0.710

Values are presented as mean ± standard error or number (%). Differences between two groups were tested with t tests for con-
tinuous variables and chi-squared test for dichotomous variables. 
FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; BMI, body mass index; % pred, % of predicted value; DLco, 
diffusing capacity for carbon monoxide; 6MWD, distance of 6-minute walk test; 6MWT, 6-minute walk test; SpO2, resting periph-
eral oxygen saturation.
ap < 0.05.
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Supplementary Table 4. Comparison of the groups with and without inhaler use

Variable Without inhaler use (n = 37) With inhaler use (n = 11) p value

Age, yr 67.32 ± 1.20 68.64 ± 2.91 0.629

Male sex 30 (81.1) 8 (72.7) 0.549

BMI, kg/m2 24.68 ± 0.49 23.98 ± 0.65 0.474

Smoking status 0.605

Never 13 (36.1) 6 (54.5)

Ever 22 (61.1) 5 (45.5)

Current 1 (2.8) 0 

Smoking amount, pack-yr 15.83 ± 2.75 12.73 ± 4.54 0.582

FEV1, % pred 89.64 ± 2.51 86.45 ± 6.54 0.178

FVC, % pred 75.14 ± 2.10 77.45 ± 5.68 0.639

DLco, % pred 69.05 ± 2.72 58.82 ± 4.94 0.078

FEV1/FVC, % pred 82.65 ± 0.92 77.09 ± 2.44 0.053

FEV1, 3-month follow-up, % pred 87.89 ± 2.61 90.78 ± 7.22 0.650

FVC, 3-month follow-up, % pred 73.89 ± 2.17 80.44 ± 6.25 0.225

DLco, 3-month follow-up, % pred 66.47 ± 3.08 54.86 ± 7.96 0.075

FEV1/FVC, 3-month follow-up, % pred 82.42 ± 0.99 77.67 ± 2.47 0.047a

6MWD, m 482.69 ± 14.14 476.80 ± 31.99 0.853

6MWT, nadir SpO2, % 88.30 ± 1.19 84.50 ± 3.40 0.187

Values are presented as mean ± standard error or number (%). Differences between two groups were tested with t tests for con-
tinuous variables and chi-squared test for dichotomous variables. 
BMI, body mass index; FEV1, forced expiratory volume in 1 second; % pred, % of predicted value; FVC, forced vital capacity; DLco, 
diffusing capacity for carbon monoxide; 6MWD, distance of 6-minute walk test; 6MWT, 6-minute walk test; SpO2, resting periph-
eral oxygen saturation.
ap < 0.05.
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Supplementary Table 5. Comparison of the groups with and without inhaler use in patients who needed inhalers

Variable Without inhaler use (n = 10) With inhaler use (n = 11) p value

Age, yr 69.50 ± 2.52 68.64 ± 2.91 0.826

Male sex 5 (50.0) 8 (72.7) 0.284

BMI, kg/m2 24.27 ± 0.82 24.00 ± 0.65 0.798

Smoking status 0.811

Never 4 (44.4) 6 (54.5)

Ever 4 (44.4) 5 (45.5)

Current 1 (11.1) 0 

Smoking amount, pack-yr 15.44 ± 6.05 12.73 ± 4.54 0.744

FEV1, % pred 86.70 ± 5.29 86.45 ± 6.54 0.698

FVC, % pred 78.60 ± 4.88 77.45 ± 5.68 0.881

DLco, % pred 56.75 ± 4.00 58.82 ± 4.94 0.763

FEV1/FVC, % pred 77.00 ± 3.03 77.09 ± 2.44 0.981

FEV1, 3-month follow-up, % pred 89.30 ± 5.21 90.78 ± 7.22 0.868

FVC, 3-month follow-up, % pred 81.30 ± 4.79 80.44 ± 6.25 0.914

DLco, 3-month follow-up, % pred 59.67 ± 4.87 54.86 ± 7.96 0.185

FEV1/FVC, 3-month follow-up, % pred 76.90 ± 3.04 77.67 ± 2.47 0.849

6MWD, m 431.62 ± 33.37 476.80 ± 31.99 0.341

6MWT, nadir SpO2, % 83.30 ± 3.09 84.50 ± 3.40 0.518

Values are presented as mean ± standard error or number (%). Differences between two groups were tested with t tests for con-
tinuous variables and chi-squared test for dichotomous variables. 
BMI, body mass index; FEV1, forced expiratory volume in 1 second; % pred, % of predicted value; FVC, forced vital capacity; DLco, 
diffusing capacity for carbon monoxide; 6MWD, distance of 6-minute walk test; 6MWT, 6-minute walk test; SpO2, resting periph-
eral oxygen saturation.
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Supplementary Figure 1. Changes in clinical outcomes depending on the use of inhalers in chronic obstructive pulmonary disease 
(COPD) and asthma-COPD overlap (ACO) patients. (A) COPD assessment test (CAT) score, (B) St. George’s Respiratory Questionnaire (SGRQ) 
score, (C) modified Medical Research Council (mMRC) dyspnea scale, (D) cough quality of life questionnaire (CQLQ) score, (E) EuroQol-5 
dimension (EQ-5D) score, and (F) cough visual analogue scale (VAS) score. The analysis was carried out with five subjects (three COPD pa-
tients and two ACO patients). Increasing scores indicate worsening outcomes in CAT, SGRQ, CQLQ, VAS, and mMRC. Decreasing scores 
indicate worsening outcome in EQ-5D. Differences between the two groups were tested using repeated measures analysis of variance 
(RM-ANOVA). Visit 1, baseline; Visit 2, 3-month follow-up.
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