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Background: This study was conducted in order to investigate the differences in the respiratory 

physiology of patients with chronic obstructive pulmonary disease (COPD), asthma-COPD 

overlap syndrome (ACOS), and asthma with airflow limitation (asthma FL+).

Methods: The medical records for a series of all stable patients with persistent airflow limita-

tion due to COPD, ACOS, or asthma were retrospectively reviewed and divided into the COPD 

group (n=118), the ACOS group (n=32), and the asthma FL+ group (n=27). All the patients 

underwent chest high-resolution computed tomography (HRCT) and pulmonary function tests, 

including respiratory impedance.

Results: The low attenuation area score on chest HRCT was significantly higher in the COPD 

group than in the ACOS group (9.52±0.76 vs 5.09±1.16, P0.01). The prevalence of bronchial 

wall thickening on chest HRCT was significantly higher in the asthma FL+ group than in the 

COPD group (55.6% vs 25.0%, P0.01). In pulmonary function, forced expiratory volume 

in 1 second (FEV
1
) and peak expiratory flow rate were significantly higher in the asthma 

FL+ group than in the ACOS group (76.28%±2.54% predicted vs  63.43%±3.22% predicted, 

P0.05 and 74.40%±3.16% predicted vs 61.08%±3.54% predicted, P0.05, respectively). 

Although residual volume was significantly lower in the asthma FL+ group than in the COPD 

group (112.05%±4.34% predicted vs 137.38%±3.43% predicted, P0.01) and the ACOS group 

(112.05%±4.34% predicted vs148.46%±6.25% predicted, P0.01), there were no significant 

differences in functional residual capacity or total lung capacity. The increase in FEV
1
 in 

response to short-acting β
2
-agonists was significantly greater in the ACOS group than in the 

COPD group (229±29 mL vs 72±10 mL, P0.01) and the asthma FL+ group (229±29 mL vs 

153±21 mL, P0.05). Regarding respiratory impedance, resistance at 5 Hz and  resistance at 

20 Hz, which are oscillatory parameters of respiratory resistance, were significantly higher in 

the asthma FL+ group than in the COPD group at the whole-breath (4.29±0.30 cmH
2
O/L/s vs 

3.41±0.14 cmH
2
O/L/s, P0.01 and 3.50±0.24 cmH

2
O/L/s vs 2.68±0.10 cmH

2
O/L/s, P0.01, 

respectively), expiratory, and inspiratory phases.

Conclusion: Although persistent airflow limitation occurs in patients with COPD, ACOS, and 

asthma FL+, they may have distinct characteristics of the respiratory physiology and different 

responsiveness to bronchodilators.

Keywords: ACOS, FOT, respiratory impedance, MostGraph

Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by persistent airflow 

limitation that is usually progressive according to the Global initiative for chronic 

Obstructive Lung Disease (GOLD) guidelines.1 Spirometric criterion for airflow 
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limitation is forced expiratory volume in 1 second (FEV
1
)/

forced vital capacity (FVC) ratio less than 70% after inhala-

tion of bronchodilators, according to the GOLD guidelines.1 

However, COPD is not the only disease that shows persistent 

airflow limitation. Asthma is characterized by chronic inflam-

mation and airway remodeling and may also cause persistent 

airflow limitation,2 although the patterns of inflammation, 

the affected structures, and the prime anatomic site at which 

pathological changes occur are different.3 In the clinical 

setting, asthma and COPD are among the most commonly 

encountered chronic lung diseases.1,4 Asthma may be a risk 

factor for the development of COPD.5 It may therefore be 

problematic to differentiate asthma from COPD, especially in 

older patients. It is difficult to clinically differentiate between 

COPD and asthma in some patients with persistent airflow 

limitation.6 Moreover, COPD and asthma may overlap and 

converge in older individuals.7,8 There is increasing clinical 

recognition of the coexistence of COPD and asthma in indi-

vidual patients, which results in a clinical syndrome known 

as asthma-COPD overlap syndrome (ACOS).9–13

The forced oscillation technique (FOT) is a simple method 

for assessing the oscillatory flow resistance of the respiratory 

system and has provided important findings in respiratory 

physiology.14–16 Previous studies have revealed that several 

parameters evaluated using the FOT may be useful for dis-

criminating between patients with COPD and asthma.17,18 

However, there continues to be a lack of information on the 

differences in pulmonary function, including respiratory 

impedance, among patients with COPD, ACOS, and asthma 

with airflow limitation (asthma FL+). This retrospective 

study was conducted in order to investigate the differences 

in the respiratory physiology of patients with these chronic 

obstructive diseases. The aim of the study was to clarify the 

characteristics of pulmonary functions, including pulmonary 

impedance, and the findings of chest high-resolution com-

puted tomography (HRCT) of patients with COPD, ACOS, 

and asthma FL+, and these findings may therefore play a role 

in developing the diagnostic criteria of ACOS.

Methods
Patients
The medical records for a series of all stable patients with 

persistent airflow limitation due to COPD, ACOS, or 

asthma, who were seen at the outpatient clinic of Shinshu 

University Hospital from April 2011 to October 2015, were 

retrospectively reviewed to obtain the patients’ clinical data, 

including the diagnosis, age, sex, body weight, body height, 

smoking history, laboratory data, and imaging data. All the 

patients underwent chest HRCT and pulmonary function 

tests, including respiratory impedance.

The diagnosis of COPD was based on the patients’ 

clinical history and symptoms, including dyspnea on exertion 

and pulmonary function characterized by persistent airflow 

limitation (FEV
1
/FVC 70% after inhalation of short-acting 

β
2
-agonists) in accordance with the GOLD guidelines.1 

The patients with COPD who had no history of asthma 

or asthmatic symptoms were categorized into the COPD 

group (n=118). The patients with COPD who had experi-

enced asthmatic symptoms, such as episodic breathlessness, 

wheezing, cough, and chest tightness worsening at night or 

in the early morning, were categorized into the ACOS group 

(n=32), in accordance with GOLD1 and Global Initiative for 

Asthma (GINA) guidelines4,13 as previously reported.19 All 

the patients with ACOS had a smoking history of 20 pack-

years. The diagnosis of asthma was based on the clinical 

history and symptoms in accordance with GINA.4 Patients 

with asthma who showed persistent airflow limitation (FEV
1
/

FVC 70% after inhalation of short-acting β
2
-agonists) were 

categorized into the asthma FL+ group (n=27).

A total of 243 patients were included in the initial analysis. 

Of them, 66 patients were excluded in the final analysis 

because they had a coexistent diagnosis of other respiratory 

diseases, such as pulmonary fibrosis (26 patients) or bron-

chiectasis (two patients) or they did not undergo the FOT 

measurements (14 patients) or chest HRCT (24 patients). 

No patient had a respiratory tract infection or an exacerbation 

of COPD and/or asthma during the preceding 3 months.

This study was approved by the institutional research 

ethics committee of Shinshu University School of Medi-

cine, and all patients gave their written informed consent 

to participate.

Pulmonary function tests
Spirometry, measurements of the diffusion capacity of the 

lung for carbon monoxide (DLco) and closing volume, and 

a global measure of ventilation heterogeneity (the slope of 

Phase III of the single breath nitrogen washout test [delta N
2
]) 

were performed using a pulmonary function testing system 

(Chestac-8800; Chest Co., Ltd., Tokyo, Japan). FEV
1
 was 

measured before and 20 minutes after inhalation of short-

acting β
2
-agonists (20 μg of procaterol hydrochloride) by 

aerosol (metered-dose inhaler) with a spacer to evaluate the 

reversibility of airflow limitation. The functional residual 

capacity was measured using a body plethysmograph (Body 

Box; MGC Diagnostics, Ann Arbor, MI, USA), after which 

the patients immediately inspired to total lung capacity (TLC) 
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and expired maximally to residual volume (RV). The local 

Japanese reference data,20 developed by the Japanese 

Respiratory Society, were used to derive the predicted values 

for FEV
1
 and vital capacity, while the predicted values for 

DLco, DLco/alveolar volume, and lung volumes (RV and 

TLC) measured using the body plethysmograph were deter-

mined using the formulas described by Nishida et al21 and 

Boren et al,22 respectively. Some patients used short-acting 

β
2
-agonists as needed to relieve dyspnea but did not use them 

on the day the pulmonary function tests were performed.

Respiratory impedance was measured using a commer-

cially available multifrequency FOT device (MostGraph-01®) 

as previously reported,17,23,24 following the standard recom-

mendations.25 We evaluated the resistance at 5  Hz (R5), 

resistance at 20 Hz (R20), reactance at 5 Hz (X5), resonant 

frequency (Fres), and low-frequency reactance area (ALX). 

The oscillatory parameters were expressed at whole-breath, 

inspiratory, and expiratory phases. The difference between 

the inspiratory and expiratory phases was calculated for 

each oscillatory parameter. These FOT measurements were 

performed prior to the other pulmonary function tests.

The pulmonary function tests were performed by two 

special technicians according to the American Thoracic 

Society criteria. Two or three tests were repeated to guarantee 

repeatability.

Evaluation of the degree of emphysema 
and bronchial wall thickening
Emphysema was evaluated by HRCT according to the 

method reported previously.26,27 Briefly, HRCT findings 

were evaluated at three anatomical levels at full inspira-

tion; near the superior margin of the aortic arch, at the level 

of the carina, and at the level of the orifice of the inferior 

pulmonary veins. The low attenuation area (LAA) was 

visually scored in each bilateral lung field according to the 

method of Goddard et al.28 Total scores were calculated, and 

the severity of emphysema was graded as follows: score 

0, LAA 5%; score 1, 5% LAA 25%; score 2, 25% 

LAA 50%; score 3, 50% LAA 75%; and score 4, 75% 

LAA. Thus, the total emphysema scores ranged from 0 to 

24. Bronchial wall thickening (BWT) in all lung fields was 

graded visually as reported previously:26,27 grade 0, none; 

grade 1, 50% adjacent pulmonary artery diameter; and 

grade 2, 50% adjacent pulmonary artery diameter. The 

patients without BWT showed BWT of grade 0, and patients 

with BWT showed BWT of grade 1 or more. HRCT images 

were independently analyzed by two pulmonologists with 

no knowledge of the patients’ clinical status.

Statistical analysis
The values shown in the text, figures, and tables represent 

mean ± standard error of the mean. The data distribution 

of the variables in various groups was first assessed using 

Bartlett’s test. When the data for the variables showed a nor-

mal distribution, they were compared using one-way analysis 

of variance, followed by multiple comparisons according to 

the Tukey–Kramer method. When the data for the variables 

did not show a normal distribution, the variables were com-

pared using the Kruskal–Wallis test, followed by multiple 

comparisons among groups with the nonparametric Tukey–

Kramer method. All statistical analyses were performed 

using Windows-compatible software (StatFlex Version 

6.0; Artech, Osaka, Japan). P-values of less than 0.05 were 

considered to indicate statistical significance in all of the 

statistical analyses.

Results
Clinical characteristics of each group
Table 1 shows the age, sex, body mass index, Brinkman 

index, peripheral eosinophil count, and chest HRCT findings 

of each group. The proportion of females was significantly 

higher in the asthma FL+ group than in the other groups. The 

Brinkman index and LAA score were significantly lower in 

the asthma FL+ group than in the other groups. Although there 

were no significant differences in the peripheral eosinophil 

count among the three groups, it tended to be higher in the 

ACOS and asthma FL+ groups than in the COPD group. There 

were significant differences in the LAA score on chest HRCT 

among the three groups, and the LAA score was significantly 

higher in the COPD group than in the ACOS group. The 

prevalence of BWT on chest HRCT was significantly higher 

in the asthma FL+ group than in the COPD group.

Pulmonary function tests
FEV

1
 and peak expiratory flow rate were significantly higher 

in the asthma FL+ group than in the ACOS group (Table 2). 

RV was significantly lower in the asthma FL+ group than 

in the other groups, although there were no significant 

differences in functional residual capacity and TLC. DLco 

and DLco/alveolar volume were significantly higher in the 

asthma FL+ group than in the other groups. There were no 

significant differences in delta N
2
 and closing volume/vital 

capacity among the three groups.

Figure 1 shows the reversibility of airflow limitation in 

response to short-acting β
2
-agonists, which was expressed 

by an increase in FEV
1
 from the baseline value. The increase 

in FEV
1
 was significantly greater in the ACOS group than 
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in the COPD group (229±29 mL [14.90%±1.88% predicted] 

vs 72±10 mL [4.54%±0.59% predicted], P0.01) and the 

asthma FL+ group (229±29 mL [14.90%±1.88% predicted] 

vs 153±21 mL [9.70%±1.38% predicted], P0.05). It was 

also significantly greater in the asthma FL+ group than in 

the COPD group (153±21 mL [9.70%±1.38% predicted] vs 

72±10 mL [4.54%±0.59% predicted], P0.01).

Table 3 shows respiratory impedance measured using 

a multifrequency FOT device (MostGraph-01®). At the 

whole-breath, expiratory, and inspiratory phases, R5 and 

R20 were significantly higher in the asthma FL+ group 

than in the COPD group. In the ACOS group, the values of 

these oscillatory parameters ranged between the values of 

the asthma FL+ group and the COPD group; however, the 

differences between the ACOS group and the other groups 

were not statistically significant.

Discussion
This is the first report to compare the pulmonary function, 

including respiratory impedance, of patients with COPD, 

ACOS, and asthma FL+. We assessed the differences in the 

respiratory physiology of patients with these obstructive 

Table 1 Clinical characteristics of patients with COPD, ACOS, and asthma FL+

COPD (n=118) ACOS (n=32) Asthma FL+ (n=27)

Age, years 71.9±0.8 69.1±1.2 70.3±2.2
Sex

Male, n (%) 96 (88.9) 30 (93.8) 11 (40.7)*,**
Female, n (%) 12 (11.1) 2 (6.3) 16 (59.3)*,**

Body mass index, kg/m2 22.4±0.3 23.1±0.6 22.4±0.4
Brinkman index, pack-years 51.88±2.88 47.47±6.02 2.39±1.11*,**
Peripheral eosinophil count, % 2.77±0.20 3.66±0.52 3.82±0.69
Peripheral eosinophil count, mm3 168.12±11.53 232.96±40.04 227.71±46.24
Chest HRCT findings

LAA score 9.52±0.76 5.09±1.16* 0.00±0.00*,**
Bronchial wall thickening, n (%) 27 (25.0) 12 (37.5) 15 (55.6)*

Notes: Values are mean ± standard error of the mean. *P0.01 vs COPD. **P0.01 vs ACOS.
Abbreviations: COPD, chronic obstructive pulmonary disease; ACOS, asthma-COPD overlap syndrome; asthma FL+, asthma with airflow limitation; HRCT, high-resolution 
computed tomography; LAA, low attenuation area.

Table 2 Pulmonary function of patients with COPD, ACOS, and 
asthma FL+

COPD 
(n=118)

ACOS 
(n=32)

Asthma FL+ 

(n=27)

VC, % predicted 98.70±1.70 95.57±3.05 101.34±3.07
FVC, % predicted 97.72±1.88 90.82±3.26 99.53±3.55
FEV1, % predicted 69.84±1.85 63.43±3.22 76.28±2.54*
FEV1/FVC, % 56.97±1.01 55.98±1.66 61.06±1.28
PEFR, % predicted 69.67±2.09 61.08±3.54 74.40±3.16*
MMF, % predicted 25.56±1.01 23.03±1.78 27.67±1.59
FRC, % predicted 100.98±2.04 104.74±3.65 111.30±6.61
RV, % predicted 137.38±3.43 148.46±6.25 112.05±4.34**,***
TLC, % predicted 112.48±1.40 112.93±2.57 111.74±3.12
DLco, % predicted 64.93±2.15 70.67±3.68 85.70±3.19*,***
DLco/VA, % predicted 80.51±2.55 85.70±4.12 118.50±4.06**,***
Delta N2, % N2/L 3.21±0.20 2.63±0.35 2.35±0.24
CV/VC, % 20.41±1.28 18.23±1.95 16.76±2.12

Notes: Values are mean ± standard error of the mean. Delta N2, slope of 
Phase III of the single breath nitrogen washout test. ***P0.01 vs COPD. **P0.01. 
*P0.05 vs ACOS.
Abbreviations: ACOS, asthma-COPD overlap syndrome; asthma FL+, asthma with 
airflow limitation; VC, vital capacity; FVC, forced vital capacity; FEV1, forced expiratory 
volume in 1 second; PEFR, peak expiratory flow rate; MMF, maximum midexpiratory 
flow rate; FRC, functional residual capacity; RV, residual volume; TLC, total lung capacity; 
DLco, diffusing capacity for carbon monoxide; DLco/VA, diffusing capacity of lung for 
carbon monoxide corrected for alveolar volume; CV/VC, closing volume/vital capacity.

Figure 1 Response to short-acting β2 agonists in patients with COPD, ACOS, and 
asthma FL+.
Note: Values are mean ± standard error of the mean.
Abbreviations: ACOS, asthma-COPD overlap syndrome; asthma FL+, asthma  
with airflow limitation; FEV1, forced expiratory volume in 1 second; ∆FEV1, increases 
in FEV1.
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the respiratory system, respectively, and reflect the properties 

of both small and large airways. In patients with pulmonary 

obstructive diseases, the oscillatory flow resistance of the 

respiratory system tends to increase with the degree of airway 

obstruction, resulting in an increase in Rrs and negative values 

in Xrs. Xrs is sensitive and specific to the presence of expira-

tory flow limitation in patients with COPD31 and to change 

during the recovery from acute exacerbations of COPD.32 

The Rrs increased, and Xrs fell to a more negative level in 

patients with both COPD and asthma in a severity-dependent 

fashion, regardless of respiratory phase.14–16 Mori et al17 

reported that R5, which indicates total airway resistance, is 

significantly correlated with FEV
1
, and that it is significantly 

higher in patients with COPD than in controls, but not than 

in patients with asthma. Kanda et al18 reported that R5 was 

significantly higher in both patients with COPD and patients 

with asthma than in healthy never-smokers, and that R20 was 

significantly higher in patients with asthma than in patients 

with COPD and healthy never-smokers. We found that both 

R5 and R20 were significantly higher in patients with asthma 

FL+ than in patients with COPD, regardless of respiratory 

phase, and more than half of the patients with asthma FL+ 

(55.6%) showed BWT on chest HRCT. Our findings suggest 

that the asthma FL+ group included patients with more severe 

asthma, which involved greater degree of airway remodeling. 

Indeed, previous studies have revealed that patients with 

more severe asthma had greater airway wall thickening on 

chest HRCT than those with mild asthma.33,34 On the other 

hand, although the LAA and airway wall thickening can be 

observed on the chest HRCT images of many patients with 

COPD, there are individuals with similar degrees of airflow 

limitation whose abnormalities appeared to be predominantly 

related to airway remodeling or whose abnormalities appeared 

to be predominantly related to a loss of lung parenchyma.33 

As a consequence of this heterogeneity in COPD, the mean 

value of the parameters of airway resistance (R5 and R20) 

may have been lower in patients with COPD than in patients 

with asthma FL+ in the present study.

We found that there were no significant differences in 

delta N
2
, X5, Fres, and ALX among patients with COPD, 

ACOS, and asthma FL+. Delta N
2
 is the preferred parameter, 

which reflects ventilation heterogeneity, and it increases 

in a severity-dependent manner in patients with COPD.35 

X5, Fres, and ALX are significantly correlated with FEV
1
 

and delta N
2
 in patients with asthma,24 and Fres is sig-

nificantly correlated with FEV
1
 and delta N

2
 in patients 

with COPD.17,36 These findings suggest that ventilation 

heterogeneity exists in patients with COPD, ACOS, and 

pulmonary diseases, which are commonly encountered 

chronic lung diseases in the clinical setting. We showed 

that there were significant differences in several parameters 

of pulmonary function tests between the COPD group and 

the asthma FL+ group and between the ACOS group and the 

asthma FL+ group. There were significant differences among 

the three groups in the reversibility of airflow limitation in 

response to short-acting β
2
-agonists. R5 and R20, which 

are oscillatory parameters of respiratory resistance, in both 

inspiratory and expiratory phases were significantly greater 

in the asthma FL+ group than in the COPD group.

The FOT is theoretically sensitive to peripheral airway 

function29,30 and is easy to administer because it is an effort-

independent method of evaluating lung mechanics. The FOT 

parameters of resistance (Rrs) and reactance (Xrs) are para

meters of the airway caliber and of the elastic properties of 

Table 3 Respiratory impedance in patients with COPD, ACOS, 
and asthma FL+

COPD 
(n=118)

ACOS  
(n=32)

Asthma FL+ 

(n=27)

Whole-breath
R5 (cmH2O/L/s) 3.41±0.14 3.65±0.22 4.29±0.30**
R20 (cmH2O/L/s) 2.68±0.10 3.03±0.15 3.50±0.24**
R5–R20 (cmH2O/L/s) 0.75±0.06 0.63±0.11 0.79±0.17
X5 (cmH2O/L/s) −1.32±0.12 −1.51±0.23 −1.39±0.20
Fres (Hz) 13.21±0.52 13.66±0.96 14.18±1.00
ALX (cmH2O/L/s Hz) 10.15±1.27 10.75±2.08 10.34±1.95

Expiratory phase
R5 (cmH2O/L/s) 3.75±0.17 3.98±0.25 4.81±0.34**
R20 (cmH2O/L/s) 2.80±0.11 3.18±0.16 3.69±0.30**
R5–R20 (cmH2O/L/s) 0.95±0.07 0.80±0.14 1.03±0.18
X5 (cmH2O/L/s) −1.78±0.20 −1.91±0.34 −1.67±0.28
Fres (Hz) 14.81±0.65 15.19±1.21 15.83±1.20
ALX (cmH2O/L/s Hz) 15.04±2.24 14.94±3.19 13.60±2.86

Inspiratory phase
R5 (cmH2O/L/s) 3.06±0.13 3.33±0.21 3.76±0.28*
R20 (cmH2O/L/s) 2.54±0.10 2.87±0.15 3.10±0.24**
R5–R20 (cmH2O/L/s) 0.52±0.06 0.46±0.10 0.55±0.17
X5 (cmH2O/L/s) −0.84±0.06 −1.11±0.15 −1.11±0.14
Fres (Hz) 11.61±0.43 12.13±0.76 12.52±0.87
ALX (cmH2O/L/s Hz) 5.13±0.51 6.53±1.14 7.08±1.26

Differences between inspiratory and expiratory phases
R5 (cmH2O/L/s) −0.69±0.11 −0.65±0.11 −1.05±0.20*
R20 (cmH2O/L/s) −0.26±0.07 −0.31±0.07 −0.59±0.13*
R5–R20 (cmH2O/L/s) −0.43±0.06 −0.34±0.07 −0.47±0.10
X5 (cmH2O/L/s) 0.95±0.17 0.80±0.24 0.55±0.21
Fres (Hz) −3.19±0.41 −3.06±0.65 −3.32±0.64
ALX (cmH2O/L/s Hz) −9.78±2.01 −8.42±2.38 −6.51±2.08

Notes: Values are mean ± standard error of the mean. **P0.01. *P0.05 vs COPD.
Abbreviations: ACOS, asthma and COPD overlap syndrome; asthma FL+, 
asthma with airflow limitation; R5 and R20, respiratory resistances at 5  Hz and 
20 Hz frequencies; X5, respiratory reactance at 5 Hz frequencies; Fres, resonant 
frequency; ALX, low-frequency reactance area.
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asthma FL+. Furthermore, there was no significant differ-

ence in within-breath changes of X5, which suggests the 

easy collapsibility of small airways during the expiration 

of the tidal breath, among patients with COPD, ACOS, and 

asthma FL+. Although previous studies have reported that 

within-breath changes of X5 discriminated between patients 

with COPD and asthma,17,18 this may not be applicable to 

patients with asthma FL+.

We found that there were significant differences in 

the reversibility of airflow limitation in response to short-

acting β
2
-agonists among patients with COPD, ACOS, and 

asthma FL+, and the reversibility of airflow limitation was 

the greatest in patients with ACOS, whereas the prevalence 

of BWT on chest HRCT tended to be lower in patients with 

ACOS than in patients with asthma FL+. These findings 

suggest that patients with ACOS have a lower degree of 

airway remodeling due to asthma than patients with asthma 

FL+. Nakano et al33 reported that the airway wall area on 

chest HRCT increased without a decrease in the luminal 

area in patients with asthma, whereas the airway luminal 

area decreased and airway wall area increased in patients 

with COPD. This different pattern of remodeling may reflect 

fundamental differences in the inflammatory processes in 

COPD and asthma and could influence the reversibility of 

airflow limitation, although the degree of reversibility of 

airflow limitation in response to bronchodilators in patients 

with COPD has never been shown to add to the differential 

diagnosis with asthma.1

There were several limitations in the present study. First, 

this was a single-center, uncontrolled-design retrospective 

study with a lack of statistical power due to the small sample 

size of the asthma FL+ group (n=27). Further prospective 

studies with larger study populations are required to confirm 

these results. Second, the assessment of emphysema on chest 

HRCT was performed according to a visual scoring method, 

rather than the software-based quantification of the degree of 

emphysema and BWT. However, the reproducibility of visual 

scoring was demonstrated in our previous report.27 Third, the 

definition of ACOS was based on a retrospective evaluation 

of asthma-related symptoms. It is difficult to clinically differ-

entiate between COPD and ACOS in some patients, because 

asthma-related symptoms may not only be specific for asthma 

but may also characterize COPD. Fourth, generalizability is 

a potential problem in the present study. Shinshu University 

Hospital, which was the site of patient recruitment, is a major 

hospital and may have more older patients with high disease 

severity compared with other general hospitals, which results 

in a potential selection bias.

Conclusion
Although persistent airflow limitation occurs in patients 

with COPD, ACOS, and asthma FL+, they may have distinct 

characteristics of the respiratory physiology and different 

responsiveness to bronchodilators.
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