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ABSTRACT

Introduction: Patients with asthma-chronic
obstructive pulmonary disease (COPD) overlap
(ACO) present with chronic respiratory symp-
toms with features of both asthma and COPD.
New ACO diagnostic criteria (2018) were sug-
gested by the Japanese Respiratory Society (JRS).
This prospective, multicenter, observational
cohort study was conducted to investigate the
proportion of patients who meet the JRS ACO
diagnostic criteria among COPD patients in
clinical practice.
Methods: This 2-year ongoing study enrolled
consecutive outpatients aged C 40 years with

COPD who visited one of 27 Japanese centers at
which the medical examinations/tests required
for ACO diagnosis were routinely conducted. At
registration, the proportion of ACO or non-
ACO patients was determined using the JRS
diagnostic criteria, and the characteristics of the
two groups were compared using analysis of
variance and chi-square test.
Results: Of 708 COPD patients analyzed at
registration, 396 (55.9%) had the data necessary
for ACO diagnosis to be conducted, and 312
(44.1%) were lacking these data. Of the 396
patients who had the data necessary for ACO
diagnosis, 101 (25.5%) met the diagnostic cri-
teria for ACO, and 295 (74.5%) did not (non-
ACO patients). ACO patients were younger, had
a greater rate of asthma based on a physician’s
diagnosis, and used more medications, includ-
ing inhaled corticosteroids (p\0.05), com-
pared with non-ACO patients.
Conclusions: We have determined the propor-
tion of patients with the data necessary to
diagnose ACO using the JRS criteria, and the
proportion of these who met the ACO criteria
among the COPD population at the time of
registration. Patients, including those lacking
necessary examination/test data at registration,
will continue to undergo follow-up to explore
changes in their testing and ACO diagnostic
status over time. Analyses of study data over
2 years will provide relevant information on the
ACO symptoms, clinical course, and real-world
treatment patterns.
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Key Summary Points

Why carry out this study?

New diagnostic criteria (2018) for asthma-
chronic obstructive pulmonary disease
(COPD) overlap (ACO) were suggested by
the Japanese Respiratory Society ( JRS).

This prospective, multicenter,
observational cohort study investigated
the proportion of COPD patients who
meet the JRS ACO diagnostic criteria, and
an ongoing follow-up analysis will explore
how this changes over a 2-year period.

What was learned from the study?

At registration, of 708 COPD patients
analyzed, 312 (44.1%) were lacking the
necessary data for ACO diagnosis to be
conducted, suggesting that some of the
examinations/tests required for the
diagnosis of ACO are not routine in
clinical practice.

Of the 396 patients with necessary data for
diagnosis, 101 (25.5%) met the JRS
diagnostic criteria for ACO and 295
(74.5%) were non-ACO.

Analyses of study data over 2 years will
provide relevant information on the ACO
symptoms, clinical course, and real-world
treatment patterns.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate

understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.13221611.

INTRODUCTION

Among patients who present with persistent
airflow limitation, a proportion display the
clinical features of both asthma and chronic
obstructive pulmonary disease (COPD) [1].
While both are common chronic respiratory
conditions, asthma and COPD arise via different
pathophysiologic mechanisms [2, 3]. Patients
with asthma generally present with allergic air-
way inflammation and airway narrowing due to
smooth muscle contraction, vascular conges-
tion, and edema [4]. In contrast, the predomi-
nant causes of airway obstruction in COPD
include inflammation, mucus hypersecretion,
loss of elastic recoil through parenchymal tissue
destruction, and fibrosis, which lead to nar-
rowing of airways, particularly the small airways
[4].

It is controversial whether asthma-COPD
overlap (ACO) is a single disease entity or a
collection of common traits [5]. Previously,
guidelines from the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) rec-
ognized the existence of ACO [6], but the 2020
guidelines no longer refer to ACO, instead
choosing to emphasize that patients with
asthma and COPD have different diseases
although they may share some clinical features
[3].

Previous reports describing the prognosis for
COPD patients with asthma characteristics have
been inconsistent. Some prior studies have
reported that the clinical outcomes of patients
with ACO may be worse than those of patients
with asthma or COPD alone [2, 7–9], and
patients with ACO have been reported to have
an increased risk of exacerbations and rapid
lung function decline, worsened quality of life
and mortality rates, and increased healthcare
utilization, compared with patients who have
only asthma or COPD [8–11]. However, some
researchers have reported that ACO patients
might have a better prognosis [12, 13]. These
reported differences in clinical outcomes are
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partially due to variation in ACO diagnostic
criteria used in previous studies, as clear defi-
nitions and diagnostic criteria for ACO had not
been published [14]. For example, Diaz-Guzman
et al. defined ACO based on self-reported
physician diagnosis and reported poorer out-
comes for ACO patients [8]. Alternatively,
Suzuki et al. [12] and Cosio et al. [13] included
objective criteria, such as airway reversibility
and an elevated blood eosinophil count, for
ACO diagnosis and reported better prognosis in
ACO patients compared with that of COPD
patients without ACO.

Owing to the lack of an established defini-
tion and diagnostic criteria for ACO, a great deal
of uncertainty remains among physicians
around the key diagnostic features and optimal
therapeutic regimen for ACO [10, 14–16]. His-
torical estimates of the proportion of ACO
patients within the COPD population have
varied considerably, depending on the geo-
graphic region, patient characteristics, and
diagnostic criteria used. Outside of Japan, the
proportion of ACO among COPD patients
ranges from 12.1 to 66.0% [17–20]; within
Japan, proportions of 4.2–49.7% have been
reported [12, 21–24]. The Japanese Respiratory
Society (JRS) recently published their 2018
diagnostic criteria for ACO [25, 26]; these were
based on more objective diagnostic criteria,
which were considered to be better suited for the
Japanese medical environment. Compared with
previously proposed ACO diagnostic criteria
[10, 27], which are considered by some
researchers to be more subjective and insuffi-
ciently quantitative [26], the JRS diagnostic cri-
teria for ACO are primarily founded on objective
measurements (such as computed tomography
imaging and fractional exhaled nitric oxide
[FeNO]) in addition to medical history and
patient reports of symptoms. Moreover, because
the asthma component and the COPD compo-
nent can be diagnosed separately, it is possible
to show that ACO is an overlap between asthma
and COPD. Using these new criteria, a single-
center, cross-sectional study of patients with
airflow limitations suggested that the prevalence
of ACO in Japan was 30.6% [28].

Another complexity with accurate ACO
diagnosis is the variability of the patients’

conditions. Indeed, data from the Spanish
CHAIN study, which investigated changes in
the prevalence of ACO over 1 year of follow-up,
suggested that the proportion of patients who
meet the ACO criteria can change over time in
the same patient population [13]. To our
knowledge, there have been no prospective
longitudinal studies in Japan to examine the
proportion and temporal changes of ACO
patients using the JRS diagnostic criteria [25].

For ACO, as with other respiratory diseases,
optimal management depends on accurate and
timely diagnosis. ACO patients have asthma
symptoms, and a lack of proper treatment,
such as inhaled corticosteroid (ICS) therapy,
may place them at a clinical disadvantage.
Thus, it is critically important to accurately
identify ACO patients and determine the
prevalence of ACO in Japanese clinical settings
to ensure that these patients receive the best
possible care. Therefore, we are currently con-
ducting a prospective, multicenter study, with
the primary objective of investigating the pro-
portion of patients within the COPD popula-
tion who meet the JRS ACO diagnostic criteria
in clinical practice and observing COPD
patient transitions during a 2-year follow-up
period. As secondary objectives, we aim to
clarify the differences in demographics, clinical
characteristics, symptoms, and exacerbation
rate/severity between ACO and non-ACO
patients and assess the implementation status
of examinations/tests required for ACO diag-
nosis in Japanese clinical practice. Herein, we
report the study design and data at registration
of this ongoing study.

METHODS

Study Design

This multicenter, observational, 2-year,
prospective cohort study is being conducted at
27 study sites in Japan. The enrollment period
was from June to December 2018. Patients were
enrolled consecutively, and registration,
including checking eligibility, was managed at a
single registration office. Patients will be fol-
lowed up over 2 years, which includes the visits
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at registration, 1 year later, and 2 years later.
The selected study sites were the medical insti-
tutions with respiratory specialists that were
able to perform the examinations/tests required
for the diagnosis of ACO, as part of routine
clinical practice for COPD patients. This capa-
bility was checked for each candidate site prior
to their inclusion in the study. However, as this
was an observational study that aimed to reveal
the real-world management of ACO, having
tests required for ACO diagnosis was not a pre-
requisite for patients at study entry, and study
centers were not required to change or upgrade
their routine clinical practices.

The examinations and tests required to
confirm the JRS diagnostic criteria for ACO
[25, 26] are listed in Table 1. These criteria were
chosen because they are consistent with the
diagnostic procedures used in clinical practice,
whereby the asthma component and the COPD
component are usually diagnosed separately
and ACO is then diagnosed as the coexistence of
both components [26]. Data were collected
using an electronic case report form (completed
by the investigator) and questionnaires (com-
pleted by the patient). Items to be collected
included baseline patient demographics and
clinical characteristics, medical history, symp-
toms (based on questionnaire scores compiled
from the COPD assessment test [CAT] modified
Medical Research Council questionnaire
[mMRC], and the asthma control questionnaire
[ACQ]), frequency and severity of exacerba-
tions, results of respiratory function tests, and
the outcomes of ACO diagnostic examinations/
tests.

This study is being conducted in accordance
with the Declaration of Helsinki and all appli-
cable national and international ethical guide-
lines for medical and health research involving
human participants. All study documentation
was approved by the Ethics Committee of
Tohoku University Hospital (approval reference:
2018-2-147-1). All participants gave informed
consent prior to registration. Medical data were
collected and stored in compliance with the
relevant laws/regulations concerning data pro-
tection and the Personal Information Protection
Act. This study was registered with ClinicalTri-
als.gov (identifier: NCT03577795).

Patients

The target patient population was outpatients
aged C 40 years with post-bronchodilator
forced expiratory volume in one second/forced
vital capacity (FEV1/ FVC)\ 70% and who had
characteristics relevant to COPD according to
the JRS ACO diagnostic criteria [25]. Patients
were also required to confirm their anticipated
ability to visit the study site at least once per
year. Full details of the inclusion and exclusion
criteria are provided in Table 2.

Study Endpoints

The primary study endpoints are (1) the pro-
portions of patients who met the ACO criteria at
least once at the time of registration, 1 year
later, and 2 years later, among all patients, and
(2) the number and proportion of ACO and
non-ACO patients among patients who had the
data necessary for ACO diagnosis at registration.

Secondary endpoints include comparison of
patient groups (those who met the ACO criteria,
those who did not, and those who were lacking
data necessary for the diagnosis) in terms of
patient demographics, exacerbations and lung
function decline, symptoms, and treatments as
well as investigation of the implementation
status of the examinations/tests required to
identify ACO. Full details of the study end-
points are given in Table S1.

Statistical Analysis

This study planned to enroll 700 patients. This
number was an assumption based on previous
reports in which 16.3% of Japanese patients met
the criteria of ACO using a cutoff value of
FeNO[35 ppb [24] and 15% of Caucasian
patients met the ACO diagnostic criteria with a
blood eosinophil count[5%, with a further 8%
meeting the criteria after 1 year [13]. Assuming
that the proportion of patients meeting the ACO
diagnostic criteria was 15–30% at each time
point, and the dropout rate over 2 years was 20%
(based on a 17% dropout rate over 3 years in a
previous long-term COPD study [29]), a sample
size of 700 patients would provide a 95%
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confidence interval (CI) that falls within
3.1–4.0% for the proportion of patients fulfilling
the ACO diagnostic criteria in this study.

The full analysis set (FAS) included patients
who had information on at least one item

required for ACO diagnosis (clinical character-
istics, symptoms, or examinations/tests) col-
lected during at least one of the time points
after registration. Categorical variables were
summarized using numbers and proportions of

Table 1 Japanese Respiratory Society diagnostic criteria for asthma and COPD overlap [25]

Basic criteria

Age C 40 years and chronic airflow obstruction: post-bronchodilator FEV1/FVC\ 70%

[Characteristics of COPD]

One item from 1, 2, and 3

[Characteristics of asthma]

Two items from 1, 2, and 3, or

One item from 1, 2, and 3 and at least two items from 4

1. Smoking history (10 pack-years or more) or career

involving significant air pollution or biomass exposure

2. Presence of low attenuation areas on chest CT

demonstrating emphysematous changes

3. Impaired pulmonary diffusing capacity (%DLCO\ 80%

or %DLCO/VA\ 80%)

1. Variable (diurnally, daily, and seasonally) or paroxysmal

respiratory symptoms (cough, sputum, and dyspnea)

2. History of asthma before age 40 years

3. FeNO[ 35 ppb

4. (1) Concomitant perennial allergic rhinitis

(2) Airway reversibility (change in FEV1[ 12%

and[ 200 mL)

(3) Peripheral blood eosinophils[ 5% or[ 300/lL

(4) High IgE level (total IgE, or IgE specific to perennial

inhalant antigens)

1. To be diagnosed as ACO, one item of the characteristics of COPD plus two items from 1, 2, and 3 or one item from 1, 2,

and 3 and at least two items from criterion 4 of the characteristics of asthma are needed

2. If the characteristics of COPD alone are present, it is diagnosed as COPD, and if the characteristics of asthma alone are

present, it is diagnosed as asthma (with remodeling)

3. If the characteristics of asthma cannot be confirmed when diagnosing ACO, it is important to monitor for the presence

of the characteristics of asthma over time

4. Perennial inhalant antigens include house dust, mites, molds, scales from animals, and feathers, and seasonal inhalant

antigens include pollen from trees, plants, and weeds

Note 1. Diseases of differential diagnosis (diffuse panbronchiolitis, congenital sinobronchial syndrome, obstructive

panbronchiolitis, bronchiectasis, pulmonary tuberculosis, pneumoconiosis, lymphangioleiomyomatosis, congestive heart

failure, interstitial lung disease, and lung cancer) should be ruled out by standard chest x-rays, etc.

Note 2. Respiratory symptoms such as cough, sputum, and dyspnea are variable (diurnally, daily, and seasonally) or

paroxysmal in asthma and chronic and continuous in COPD

Adapted from [25] with permission
COPD chronic obstructive pulmonary disease, CT computed tomography, DLCO diffusion capacity for carbon monoxide,
FeNO fractional exhaled nitric oxide, FEV1 forced expiratory volume in one second, FVC forced vital capacity, Ig
immunoglobulin, VA alveolar volume
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patients; quantitative variables were summa-
rized using frequency, mean and standard
deviation (SD), median and range, and quar-
tiles. For the primary outcome of this first
analysis of patients meeting ACO criteria at
registration, the number, proportion, and 95%
CI were calculated. Tests performed for com-
parisons between patient groups included one-
way analysis of variance for quantitative vari-
ables and chi-square test for categorical vari-
ables. All statistical tests were conducted in an
exploratory manner, and there were no adjust-
ments for multiplicity and no imputation for

missing or incomplete data. All statistical anal-
yses were performed using SAS� Enterprise
Guide Analytics version 7.1 (SAS Institute, Cary,
NC, USA).

RESULTS

Participant Characteristics

A total of 717 patients were enrolled at 27
centers, and after the exclusion of 9 patients
owing to ineligibility or withdrawal of consent,

Table 2 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

1. Patients who provided written informed consent for study

participation

2. Patients aged C 40 years

3. Patients with lung function (FEV1/FVC)\ 70% after

inhalation of a bronchodilator within the past year or at

the time of registration

4. Patients who fulfill one of the following criteria: smoking

history (C 10 pack-years) or equivalent air pollution

exposure (including passive smoking) at the time of

registration; presence of a low attenuation area showing

emphysematous change on chest computed tomography

imaging as assessed by the investigator based on the most

recent scan within the past year; lung diffusion

impairment (defined as %DLCO\ 80% or %DLCO/

VA\ 80%) assessed within the past year

5. Outpatients who were able to regularly visit the study sites

in Japan at least once per year

1. Patients participating in an interventional study within

8 weeks prior to registration

2. Patients who experienced an exacerbation of COPDa or

asthmab within the last 8 weeks

3. Patients with a condition that could not be distinguished

from COPD or asthma at the time of obtaining consent

(diffuse panoramic bronchitis, congenital sinus bronchial

syndrome, obstructive panbronchitis, bronchiectasis,

pulmonary tuberculosis, pneumoconiosis,

lymphangiomyomatosis, interstitial lung disease, lung

cancer, vocal fold dysfunction, intratracheal tumor,

tracheal softening, bronchial tuberculosis, pulmonary

thromboembolism, congestive heart failure). However,

patients with certain diseases could be registered if

remission or stable disease was confirmed by the physician

(laryngitis, epiglottitis, airway foreign body, cough induced

by a drug such as an angiotensin converting enzyme

inhibitor, spontaneous pneumothorax, hyperventilation

syndrome, and psychogenic cough)

4. Any patient who could not comply with study procedures

or was otherwise determined by the investigator to be

ineligible

COPD chronic obstructive pulmonary disease, DLCO diffusion capacity for carbon monoxide, FEV1 forced expiratory
volume in one second, FVC forced vital capacity, VA alveolar volume
a COPD exacerbation was defined as the need to change stable treatment due to the observation of increasing symptoms
(shortness of breath, cough, and sputum and discomfort or strange sensation in the chest), with the exception of symptoms
relevant to other preexisting diseases (e.g., cardiac failure, pneumothorax, pulmonary thromboembolism)
b Asthma exacerbation was defined as the development of paroxysmal/variable symptoms of cough, sputum, wheezing, and
dyspnea induced by factors such as respiratory infection
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708 patients were included in the FAS (Fig. 1).
Of the FAS, 312 patients lacked the data neces-
sary for ACO diagnosis at registration, while 396
patients had the data necessary for the ACO
diagnostic criteria to be applied. Regarding the
breakdown by study center, 20 or more patients
were registered from each of 19 centers, 15 or
more patients from 4 centers, and 10 or fewer
patients from the remaining 4 centers.

The characteristics of all patients at registra-
tion are reported in Table 3. The majority of
patients were male (638/708, 90.1%) and had a
history of smoking (ex-smokers 616/707, 87.1%
or current smokers 79/707, 11.2%). The mean
(SD) age was 73.5 (7.7) years, and the mean (SD)
body mass index was 22.9 (3.5) kg/m2. The
mean (SD) duration of COPD was 5.7 (5.2)
years, and almost half of the patients (328/703,
46.7%) were classified as GOLD II. Asthma had
previously been diagnosed in 36.0% of patients
(255/708); other comorbidities included

diabetes (12.6%), allergic rhinitis (10.3%), and
heart failure (8.5%). Overall, 42.1% of patients
used ICS either as monotherapy or in any
combination.

Primary Outcome: Proportion of ACO
Patients at Registration

Of the 708 patients analyzed, 101 (14.3%) met
the diagnostic criteria for ACO at registration
(Fig. 2). Of the 396 (55.9%) patients who had
the data necessary for diagnosis of ACO at reg-
istration, the proportion of patients who met
the ACO criteria was 25.5% (101/396). The
remaining 312 (44.1%) patients who lacked the
examination/test data necessary for ACO diag-
nosis at registration will continue in the study
and will be followed up over the next 2 years to
explore changes in their testing and diagnostic
status.

Fig. 1 Patient flow. ACO asthma-COPD overlap, COPD
chronic obstructive pulmonary disease, JRS Japanese
Respiratory Society. aPatients who were lacking data
necessary for the JRS ACO criteria to be applied and
were not given an ACO diagnosis at registration. bPatients
who had the data necessary for the JRS ACO criteria to be

applied and were able to be diagnosed as ACO or non-
ACO at registration. The enrollment period was from
June 2018 to December 2018. Patients were categorized
based on examination/test data obtained within 1 year
prior to registration

1174 Adv Ther (2021) 38:1168–1184



Table 3 Characteristics of all patients at registration

Full analysis set, N = 708

Sex, male, n (%) 638 (90.1)

Age, years, mean (SD) 73.5 (7.7)

BMI, kg/m2, mean (SD) n = 707 22.9 (3.5)

Smoking status, n (%) n = 707

Current smoker 79 (11.2)

Never smoker 12 (1.7)

Ex-smoker 616 (87.1)

Smoking history (pack-years), mean (SD) n = 690 56.2 (34.3)

Duration of COPD, years, mean (SD) n = 692 5.7 (5.2)

GOLD stage, n (%) n = 703

I 197 (28.0)

II 328 (46.7)

III 134 (19.1)

IV 44 (6.3)

Post-bronchodilator FEV1/FVC%, mean (SD) n = 704 52.0 (12.7)

Post-bronchodilator %FEV1 predicted, mean (SD) n = 703 65.1 (22.2)

FEV1 reversibility (change in FEV1[ 12% and[ 200 mL), n (%) n = 331 20 (6.0)

Complication/comorbidity, n (%)

Asthma (based on physician’s diagnosis) 255 (36.0)

Age at onset\ 40 years 24/240 [10.0]

Age at onset C 40 years 216/240 [90.0]

Allergic rhinitis 73 (10.3)

Heart failure 60 (8.5)

Diabetes 89 (12.6)

Respiratory medication at registration, n (%)

ICS (as monotherapy or any combinations) 298 (42.1)

ICS monotherapy 12 (1.7)

LAMA monotherapy 81 (11.4)

LABA monotherapy 40 (5.6)

LAMA and LABAa 271 (38.3)

ICS and LABAa 99 (14.0)
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Analysis According to Each ACO
Diagnostic Criterion at Registration

The number of patients who underwent evalu-
ation for each JRS ACO diagnostic criterion and
the proportion of those patients who met the
criterion at registration are shown in Table 4. Of
the patients who met the ACO criteria, 85.7%
met asthma criterion #1 (variable or paroxysmal
respiratory symptoms), 27.3% met criterion #2
(history of asthma before age 40 years), 68.6%
met criterion #3 (FeNO[35 ppb), and 76.6%
met at least two of the items in criterion #4
(perennial allergic rhinitis, airway reversibility,
elevated blood eosinophil count, or high IgE
level). Although 295 patients did not meet the

diagnostic criteria for ACO at registration,
14.4% met asthma criterion #1 (variable or
paroxysmal respiratory symptoms). In addition,
14.5% presented with at least two of the items
in criterion #4; notably, of the patients who
underwent evaluation, 58.6% met criterion
4–4(4) (high IgE level).

Comparison of Patient Characteristics,
Biomarkers, and Lung Function Between
ACO and Non-ACO Patients
at Registration

In total, there were 396 patients with the data
necessary for ACO diagnosis at registration; this
number included 101 patients who were

Table 3 continued

Full analysis set, N = 708

ICS and LAMA 7 (1.0)

ICS, LAMA, and LABAa 180 (25.4)

BMI body mass index, COPD chronic obstructive pulmonary disease, FEV1 forced expiratory volume in one second, FVC
forced vital capacity, GOLD Global Initiative for Chronic Obstructive Lung Disease, ICS inhaled corticosteroids, LABA
long-acting b2-agonist, LAMA long-acting muscarinic antagonist, SD standard deviation
a Including any combinations of separate and combined inhalers

Fig. 2 Proportion of patients who met Japanese Respiratory Society ACO diagnostic criteria. ACO asthma-COPD overlap,
COPD chronic obstructive pulmonary disease
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diagnosed as ACO (patients who met the JRS
criteria) and 295 who were diagnosed as non-
ACO (patients who did not meet the criteria).

Patient characteristics (Table 5) and biomarkers
and lung function (Table 6) were compared
between these two groups of patients.

Table 4 Proportion of patients who underwent evaluation for each ACO diagnostic criterion and the proportion who met
each criterion

Characteristic, n (%) Met ACO criteria
(n = 101)

Did not meet ACO criteria
(n = 295)

Patients who
underwent
evaluationa

Patients
who met
the criterionb

Patients who
underwent
evaluationa

Patients
who met
the criterionb

Characteristics

of COPD

1. Smoking history (10 pack-years or

more) or career involving significant

air pollution or biomass exposure

101 (100.0) 98 (97.0) 295 (100.0) 292 (99.0)

2. Presence of low attenuation areas on

chest CT demonstrating

emphysematous changes

80 (79.2) 64 (80.0) 231 (78.3) 201 (87.0)

3. Impaired pulmonary diffusing

capacity (%DLCO\ 80% or %DLCO/

VA\ 80%)

53 (52.5) 31 (58.5) 130 (44.1) 99 (76.2)

Characteristics

of asthma

1. Variable (diurnally, daily, and

seasonally) or paroxysmal respiratory

symptoms (cough, sputum, and

dyspnea)

98 (97.0) 84 (85.7) 292 (99.0) 42 (14.4)

2. History of asthma before age 40 years 99 (98.0) 27 (27.3) 294 (99.7) 1 (0.3)

3. FeNO[ 35 ppb 86 (85.1) 59 (68.6) 269 (91.2) 16 (5.9)

4. Applies to the following two or more

items

77 (76.2) 59 (76.6) 200 (67.8) 29 (14.5)

(1) Concomitant perennial allergic

rhinitis

101 (100.0) 37 (36.6) 295 (100.0) 20 (6.8)

(2) Airway reversibility (change in

FEV1[ 12% and[ 200 mL)

61 (60.4) 8 (13.1) 178 (60.3) 6 (3.4)

(3) Peripheral blood eosinophils[ 5%

or[ 300/lL

92 (91.1) 49 (53.3) 278 (94.2) 47 (16.9)

(4) High IgE level (total IgE, or IgE

specific to perennial inhalant

antigens)

64 (63.4) 56 (87.5) 128 (43.4) 75 (58.6)

ACO asthma-COPD overlap, COPD chronic obstructive pulmonary disease, CT computed tomography, DLCO diffusion
capacity for carbon monoxide, FeNO fractional exhaled nitric oxide, FEV1 forced expiratory volume in one second, Ig
immunoglobulin, VA alveolar volume
a Based on the total number of patients in the group and data collected within the year prior to registration
b Based on the number of patients evaluated
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Table 5 Characteristics of patients with or without ACO at registration among those who had the data necessary for ACO
diagnosis

Patients with the data necessary for ACO diagnosis p value

All
(n = 396)

ACO
(n = 101)

Non-ACO
(n = 295)

(ACO vs
non-ACO)

Sex, male, n (%) 353 (89.1) 90 (89.1) 263 (89.2) 0.990

Age, years, mean (SD) 73.2 (8.0) 71.5 (9.6) 73.8 (7.3) 0.025

BMI, kg/m2, mean (SD) 23.0 (3.4) 23.0 (3.1) 23.0 (3.5) 0.869

Smoking status, n (%)

Current smoker 42 (10.6) 6 (5.9) 36 (12.2) 0.108

Never smoker 4 (1.0) 2 (2.0) 2 (0.7)

Ex-smoker 350 (88.4) 93 (92.1) 257 (87.1)

Smoking history (pack-years) n = 392 n = 99 n = 293

Mean (SD) 55.1 (35.8) 57.7 (40.7) 54.2 (34.1) 0.441

Duration of COPD, years n = 390 n = 99 n = 291

Mean (SD) 5.3 (5.4) 5.3 (4.6) 5.3 (5.7) 0.997

GOLD stage, n (%)

I 125 (31.6) 30 (29.7) 95 (32.2) 0.207

II 194 (49.0) 54 (53.5) 140 (47.5)

III 59 (14.9) 16 (15.8) 43 (14.6)

IV 18 (4.5) 1 (1.0) 17 (5.8)

Complication/comorbidity, n (%)

Asthma (based on physician’s diagnosis) 177 (44.7) 68 (67.3) 109 (36.9) \ 0.001

Age at onset\ 40 years n = 175 n = 67 n = 108

24 (13.7) 23 (34.3) 1 (0.9) \ 0.001

Age at onset C 40 years n = 175 n = 67 n = 108

151 (86.3) 44 (65.7) 107 (99.1) \ 0.001

Allergic rhinitis 57 (14.4) 37 (36.6) 20 (6.8) \ 0.001

Heart failure 45 (11.4) 3 (3.0) 42 (14.2) 0.002

Diabetes 58 (14.6) 15 (14.9) 43 (14.6) 0.946

Respiratory medication at baseline, n (%) n = 396 n = 98 n = 289

ICS (monotherapy or any combinations) 180 (45.5) 75 (76.5) 105 (36.3) \ 0.001

ICS monotherapy 4 (1.0) 3 (3.1) 1 (0.3) 0.052

LAMA monotherapy 44 (11.1) 10 (10.2) 34 (11.8) 0.674

LABA monotherapy 20 (5.1) 1 (1.0) 19 (6.6) 0.032
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The ACO patients were younger (p = 0.025),
and a greater proportion had asthma (based on
the physician’s diagnosis; p\0.001) or allergic
rhinitis (p\ 0.001) as a complication or
comorbidity compared with non-ACO patients.
In addition, more ACO patients had used ICS as
monotherapy or in any combinations including
triple therapy (p\0.001) and had higher rates
of variable and paroxysmal symptoms
(p\ 0.001 for both). All biomarkers investigated
were also elevated in ACO patients compared
with non-ACO patients; ACQ score was also
higher in ACO patients compared with non-
ACO patients (p\0.001). Conversely, body
mass index, smoking status, lung function (with

the exception of FEV1 reversibility), and CAT
and mMRC scores did not differ between the
two groups.

DISCUSSION

This prospective, observational study, which
used the objective ACO diagnostic criteria pro-
posed by the JRS, revealed that of the 396
patients who had the data necessary to diagnose
ACO at registration, 25.5% were found to have
ACO, and 74.5% did not (non-ACO patients).
This analysis also revealed the actual status of
examinations/tests required for the diagnosis of

Table 5 continued

Patients with the data necessary for ACO diagnosis p value

All
(n = 396)

ACO
(n = 101)

Non-ACO
(n = 295)

(ACO vs
non-ACO)

LAMA and LABAa 138 (34.8) 11 (11.2) 127 (43.9) \ 0.001

ICS and LABAa 65 (16.4) 22 (22.4) 43 (14.9) 0.083

ICS and LAMA 4 (1.0) 2 (2.0) 2 (0.7) 0.267

ICS, LAMA, and LABAa 107 (27.0) 48 (49.0) 59 (20.4) \ 0.001

Symptoms based on interview

Presence of variable symptoms, n (%) 96 (24.2) 67 (66.3) 29 (9.8) \ 0.001

Presence of paroxysmal symptoms,

n (%)

n = 387

90 (23.3)

n = 95

57 (60.0)

n = 292

33 (11.3)

\ 0.001

Questionnaire

CAT n = 395 n = 101 n = 294

Mean (SD) 10.3 (7.0) 10.7 (7.8) 10.1 (6.7) 0.492

mMRC n = 395 n = 101 n = 294

Mean (SD) 1.0 (1.0) 1.0 (1.0) 1.1 (1.0) 0.523

ACQ n = 394 n = 101 n = 293

Mean (SD) 0.5 (0.8) 0.9 (1.0) 0.4 (0.6) \ 0.001

ACO asthma-COPD overlap, ACQ asthma control questionnaire, BMI body mass index, CAT COPD assessment test,
COPD chronic obstructive pulmonary disease, GOLD Global Initiative for Chronic Obstructive Lung Disease, ICS inhaled
corticosteroids, LABA long-acting b2-agonist, LAMA long-acting muscarinic antagonist, mMRC modified Medical Research
Council questionnaire, SD standard deviation
a Including any combinations of separate and combined inhalers
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Table 6 Biomarker and lung function measurements of patients with or without ACO at registration among those who
had the data necessary for ACO diagnosis

Patients with the data necessary for ACO diagnosis p value

All
(n = 396)

ACO
(n = 101)

Non-ACO
(n = 295)

(ACO vs
non-ACO)

Biomarkers

FeNO, ppb n = 355 n = 86 n = 269

Mean (SD) 27.4 (23.5) 47.8 (35.5) 20.9 (12.5) \ 0.001

Median 22.0 41.5 20.0

FeNO[ 35 ppb, n (%) 75 (21.1) 59 (68.6) 16 (5.9) \ 0.001

Peripheral eosinophils absolute count, cells/lL n = 370 n = 92 n = 278

Mean (SD) 241.1 (277.9) 392.8 (472.2) 190.9 (139.4) \ 0.001

Median 176.0 289.5 160.5

Eosinophil ratio, % n = 370 n = 92 n = 278

Mean (SD) 3.8 (3.8) 5.9 (6.0) 3.1 (2.3) \ 0.001

Total IgE, IU/mL n = 278 n = 75 n = 203

Mean (SD) 415.1 (837.9) 833.2 (1330.2) 260.6 (475.1) \ 0.001

Median 133.5 398.0 92.0

Presence of C 1 positive allergen detected

in the specific IgE exam, n (%)

n = 147 n = 39 n = 108

64 (43.5) 24 (61.5) 40 (37.0) 0.008

Lung function

Post-bronchodilator FEV1/FVC%, mean

(SD)

53.1 (12.0) 53.3 (9.9) 53.0 (12.7) 0.545

Post-bronchodilator %FEV1 predicted,

mean (SD)

68.1 (21.7) 69.2 (20.6) 67.7 (22.1) 0.792

FEV1 reversibility (change in FEV1[ 12%

and[ 200 mL)

n = 239 n = 61 n = 178

Yes, n (%) 14 (5.9) 8 (13.1) 6 (3.4) 0.010

Presence of emphysema on CT, n (%) n = 311 n = 80 n = 231

265 (85.2) 64 (80.0) 201 (87.0) 0.128

%DLCO\ 80% or %DLCO/VA\ 80%, n (%) n = 183 n = 53 n = 130

130 (71.0) 31 (58.5) 99 (76.2) 0.017

ACO asthma-COPD overlap, CT computed tomography, DLCO diffusion capacity for carbon monoxide, FeNO fractional
exhaled nitric oxide, FEV1 forced expiratory volume in one second, FVC forced vital capacity, Ig immunoglobulin, SD
standard deviation, VA alveolar volume
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ACO that were conducted by respiratory spe-
cialists within the year prior to registration. Of
the 708 patients enrolled in the study, 44.1%
were found to be lacking the data necessary to
make an ACO diagnosis at the time of registra-
tion. It is possible that some examinations/tests
were omitted because the specialist had previ-
ously made a clinical judgement as to whether
or not some patients had asthma overlap based
on their past medical history and had subse-
quently not considered the possibility of new
onset of ACO. Overall, our results showed that
among patients who had available data for ACO
diagnosis at registration, 101/396 (25.5%)
patients were diagnosed with ACO. The
remaining 312/708 (44.1%) patients lacked
necessary data to determine whether or not
they had ACO. This discrepancy suggests wide-
spread undertesting, resulting in underdiagno-
sis of ACO among patients with COPD. Once
routine diagnostic testing for ACO is imple-
mented in clinical practice, it will be possible to
identify more patients with ACO. Therefore,
more widespread testing is crucial to facilitate
the diagnosis of ACO among patients with
COPD and to provide more appropriate treat-
ments for these patients. It is recommended
that appropriate objective tests, such as FeNO
and peripheral eosinophil count, which have
traditionally been less frequently performed, be
conducted regularly to improve the precision of
ACO diagnosis. All 708 patients will be followed
up over the 2-year study duration to understand
how routine testing may change over time and
to identify how many of the patients who were
lacking diagnostic data at registration are sub-
sequently diagnosed with ACO.

The data obtained at registration showed that
ICS use was relatively common in Japanese ACO
patients (76.5%) compared with 36.3% of non-
ACO patients. This is in line with the current
treatment guidelines, which suggest that ICS
provide clinical benefit for asthma symptoms [2].
Based on these data, it appears that some ACO
patients could benefit from treatment with ICS.
However, it should be noted that approximately
25% of ACO patients had not been prescribed
ICS. We anticipate that our future analysis will
yield additional information on the changes in
treatment patterns during the study period.

Some non-ACO patients, who did not meet
the diagnostic criteria for ACO at registration,
nonetheless presented with one or more of the
specified asthma characteristics. It is known
that FeNO and peripheral blood eosinophil
counts fluctuate because of treatment with ICS
[30]. Therefore, as stated in the JRS ACO
guidelines [25], if asthma characteristics cannot
be accurately determined at the time of diag-
nosis, it is important to follow-up on the pres-
ence or absence of these characteristics over
time. We also anticipate that some of the
patients who were lacking the data necessary to
diagnose ACO at registration will subsequently
undergo the tests required in routine clinical
practice and will be diagnosed as ACO or non-
ACO during the study period. Overall, once our
study is concluded, we expect to clarify how the
ACO prevalence within a COPD population
changes over a 2-year duration.

Our study has been designed to allow us to
assess the clinical characteristics of several sub-
groups within our COPD population. The data
from this initial analysis combined with the
planned 2-year analysis will provide much-
needed longitudinal information on the preva-
lence and clinical course of ACO. The need for
this type of information has already been noted
by other researchers [31]. Thus, we aim to fol-
low (1) the population of patients who have
been diagnosed with ACO at registration, (2)
patients who were lacking the data necessary for
ACO diagnosis at registration but who subse-
quently undergo the required examinations/
tests, (3) patients who meet the ACO criteria but
who are not diagnosed as having comorbid
asthma by their attending physicians or did not
use ICS, and (4) non-ACO patients who do not
meet ACO criteria but yet are diagnosed as
having comorbid asthma by their attending
physicians or use ICS.

We acknowledge the limitations of our
study. It should be noted that participation in
the study is restricted to those outpatients who
can visit the study sites regularly. Additionally,
the study sites were chosen based on the avail-
ability of the examinations/tests required for
the ACO diagnosis, and these were being carried
out in routine clinical practice. Thus, the results
obtained from our analyses cannot be directly
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extrapolated to centers and institutions in
which the required examinations/tests are not
conducted as part of routine practice. However,
we hope that the implementation of a consec-
utive registration method will minimize some
of the selection bias, which is inevitable in this
type of study. We also note that some of the
tests included in the ACO diagnostic criteria
may be affected by the administration of
therapeutic agents, particularly ICS. This effect
will be taken into account when interpreting
the results. Finally, although there have been
previous epidemiologic investigations of ACO
incidence and prevalence in Japan [12, 21–24],
different diagnostic criteria were used, making
it difficult to make valid cross-study compar-
isons. However, the proportion of patients
diagnosed with ACO in our study (25.5%) was
comparable with that reported in the recent
single-center Japanese study [28], which also
utilized the JRS criteria (30.6%), suggesting that
consistent application of these criteria could
provide a robust evidential basis to underpin
future clinical analyses.

CONCLUSIONS

In this first analysis of an ongoing study of ACO
in Japan, which will follow 708 COPD patients
over 2 years, we have determined the propor-
tion of patients with the data necessary to
diagnose ACO using the JRS criteria and the
proportion of these who met the ACO criteria at
the time of registration. The patients in the FAS,
including those lacking necessary examination/
test data at registration, will continue to
undergo follow-up to explore changes in their
testing and ACO diagnostic status over time.
Analyses of study data over 2 years will provide
relevant information on the ACO symptoms,
clinical course, and real-world treatment
patterns.
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