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ABSTRACT

Introduction: The ACO Registry Study was a
multicenter, prospective, observational cohort
study aiming to clarify the situation of asth-
ma–chronic obstructive pulmonary disease
(COPD) overlap (ACO) within the COPD pop-
ulation using the Japanese Respiratory Society
(JRS) criteria. We reported the proportion of
patients who met the ACO criteria among the
COPD population at study registration.
Methods: Using data collected at registration,
we investigated the implementation of each
diagnostic examination/test required for ACO

diagnosis in the full analysis set. Among
patients with data necessary for ACO diagnosis,
ACO/non-ACO patients with/without asthma
diagnosed by a physician and proportions of
inhaled corticosteroid (ICS) treatments for
COPD were calculated.
Results: Of 708 patients analyzed, 396 (55.9%)
had the data necessary for ACO diagnosis, and
312 (44.1%) did not. The proportions of
patients who underwent laboratory and respira-
tory function tests (peripheral blood eosinophil
count [79.8%], fractional exhaled nitric oxide
[63.7%], airway reversibility [46.8%], and total
immunoglobulin [Ig] E/specific IgE [33.3%])
were lower than those who underwent subjec-
tive examinations (perennial allergic rhinitis
[100%], asthma before age 40 years [97.2%], and
variable/paroxysmal respiratory symptoms
[94.5%]). Among patients with the data neces-
sary for ACO diagnosis and without asthma
complications according to the physician’s
diagnosis, 15.1% (33/219) met the ACO criteria.
Of patients who met the ACO criteria, 74.3%
(75/101) received ICS, and 25.7% (26/101) did
not. By comparison, among patients who did
not meet the ACO criteria, 35.6% (105/295)
were receiving ICS, and 64.4% (190/295) were
not.
Conclusions: The proportion of objective labora-
tory and physiological tests was lower than
expected, despite study sites having the clinical
resources for objective tests. Most ACO patients
were being treated with ICS as recommended in
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the JRS treatment guidelines. Attempts should
be made to further increase the proper use of
ICS among these patients in Japan.
Trial Registration: ClinicalTrials.gov, NCT03
577795.

Keywords: Asthma–COPD overlap; Blood eosi-
nophil count; Chronic obstructive pulmonary
disease; Fractional exhaled nitric oxide;
Immunoglobulin E; Inhaled corticosteroid

Key Summary Points

Why carry out this study?

We carried out this study to reveal the
implementation of examinations/tests
regarding each Asthma–COPD overlap
(ACO) diagnostic criterion suggested by
Japanese Respiratory Society (JRS) and
inhaled corticosteroid (ICS) treatment for
chronic obstructive pulmonary disease
(COPD) in the multicenter, ACO Registry
Study population, using the data collected
at the time of registration.

What were the study outcomes/conclusions?

Overall, the proportion of objective
laboratory and physiological tests
implemented was lower than expected
despite the study sites having the
specialists and resources available to
conduct the necessary tests.

Some patients were not treated with ICS
despite having ACO.

What was learned from the study?

Our results suggest that, in addition to
examinations, objective tests should be
conducted to detect asthma
complications based on the ACO
diagnostic criteria to provide appropriate
ICS treatment.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is characterized by persistent airflow limitation
and is the third leading cause of death globally,
accounting for over three million deaths in
2019 [1, 2]. COPD-related deaths are projected
to increase within the next 15 years because of
advancing age and increased risk factors such as
environmental pollution, occupational expo-
sure to dust, and cigarette smoking.

Asthma–COPD overlap (ACO) is a condition
that displays features of both COPD and asthma
[3]. According to current guidelines, the treat-
ment for ACO differs from COPD alone in that
the use of inhaled corticosteroids (ICS) is rec-
ommended for ACO [4–6]. Accurate diagnosis of
ACO patients is crucial, as late or inaccurate
diagnosis, together with inappropriate treat-
ment, likely results in disease progression [7]. As
both asthma and COPD are chronic respiratory
conditions, which share common features, it is
not easy to determine when both conditions are
present. In order to diagnose ACO using objec-
tive indicators in daily clinical practice, the
Japanese Respiratory Society (JRS) has proposed
ACO diagnostic criteria [8]. It is currently
unknown to what extent clinical tests to diag-
nose ACO are carried out in real clinical prac-
tice, despite the ACO diagnostic criteria
proposed by the JRS.

The prospective, multicenter, epidemiologi-
cal ACO Registry Study aimed to clarify the
proportion of ACO patients within the COPD
population in clinical practice using the JRS
criteria and to observe patient transition over
time [9]. Using data at the time of registration,
the first analysis of the ACO Registry Study
showed that 25.5% of the 396 patients who had
the data necessary for ACO diagnosis met the
diagnostic criteria for ACO, and 312 (44.1%) of
the overall 708 patients lacked the examina-
tions and test results necessary for an accurate
ACO diagnosis [9]. In the present report, we
describe the results of a more detailed analysis
of the actual status of each ACO diagnostic
evaluation and ICS treatment for COPD in the
ACO Registry Study population, using the data
at the time of registration, which included
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patients who did not have the data necessary to
establish an ACO diagnosis.

METHODS

Study Design

The study design has been previously published
[9]. This was a multicenter, observational,
prospective cohort study with a 2-year follow-
up. The study was conducted at 27 sites in
Japan, comprising medical institutions with
respiratory specialists who were able to perform
the examinations/tests required to establish an
ACO diagnosis based on the JRS ACO criteria
(Table S1 in the supplementary material) [8, 9]
as part of routine clinical practice. A program of
consecutive patient enrolment, with registra-
tion and eligibility checks managed at a single
central office, was implemented for this study.

Approval of the protocol and other study
documentation was given by the Ethics Com-
mittee of Tohoku University Hospital. The
study conduct adhered to the general principles
outlined in the Declaration of Helsinki, as well
as national and international ethical guidelines
for medical and health research involving
humans. All participants provided informed
consent prior to study registration. Data col-
lection, storage, and use complied with the
Personal Information Protection Act and local
and international laws and regulations related
to data protection.

Patients

Full details of the inclusion and exclusion cri-
teria have been previously published [9]. Briefly,
the target population included consecutively
enrolled male and female outpatients at least
40 years of age, with post-bronchodilator forced
expiratory volume in 1 s/forced vital capacity
(FEV1/FVC) of less than 70%, and any of the
COPD characteristics according to the JRS ACO
diagnostic criteria.

Study Endpoints

The endpoints for this prespecified analysis
were the proportions of patients who under-
went the evaluations for each ACO diagnostic
criterion in the full analysis set (FAS), which
comprised all patients with data necessary for
ACO diagnosis and patients lacking the data
necessary for ACO diagnosis at the time of reg-
istration. Another endpoint was the proportions
of patients who met the JRS ACO diagnostic
criteria among patients with COPD, with and
without a physician’s diagnosis of asthma
complications for patients with the data avail-
able for ACO diagnosis. Further endpoints
included the proportions of ACO and non-ACO
patients who were using/not using an ICS at the
time of registration, and the demographics,
clinical characteristics, and implementation of
examinations/tests required for the ACO diag-
nostic criteria among ACO and non-ACO
patients stratified according to the use/non-use
of ICS.

Data Collection

Data were collected on examinations and tests
to confirm the ACO diagnosis according to the
JRS diagnostic criteria as reported in the primary
study [3, 8, 9]. Investigators collected data in
electronic case report forms, and patients com-
pleted self-administered questionnaires.

Statistical Analysis

The details of the statistical analysis have been
published elsewhere [9]. The planned sample
size was 700 patients determined on the basis of
the proportions of patients meeting the ACO
diagnostic criteria reported in previous studies
[10–12]. The data cutoff for this analysis was
August 2019 (i.e., identical to that of the base-
line analysis [9]). The FAS included patients
with available data for at least one item required
for ACO diagnosis, collected at one or more of
the time points after patient registration.
Numbers and proportions of patients were used
for categorical variables, and summary statistics,
including mean (standard deviation [SD]),
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median (range), quartiles, or frequency, were
used for quantitative variables. For categorical
variables, the chi-square test was used to com-
pare groups when more than 80% of cells of the
contingency table had values of 5 or more, and
Fisher’s exact test was used in other cases. For
quantitative variables with homogeneity of
variance, a one-way analysis of variance
(ANOVA) was used. For quantitative variables
with a heterogeneity of variance, Welch’s
ANOVA was used. All statistical tests were con-
ducted in an exploratory manner; no multi-
plicity adjustment or data imputation was
performed. The statistical software used for the
analysis was Statistical Analysis Software Ver-
sion 9.4 or higher (SAS Institute Inc., Cary, NC,
USA).

RESULTS

Patient Characteristics

A total of 717 patients were registered; nine
were ineligible or withdrew consent and were
excluded, and 708 patients were included in the
FAS (Fig. 1). The patient background data have
been previously described [9] and are shown in
Table S2 in the supplementary material. Of
note, 90.1% of patients were male and had a
mean age of 73.5 years. A history of smoking

was reported by 87.1% of patients, and 11.2%
were current smokers. Regarding the respiratory
function of patients at registration, the mean
post-bronchodilator FEV1/FVC% was 52.0%,
and the mean predicted post-bronchodilator
%FEV1 was 65.1%.

Proportions of Patients Who Underwent
Evaluation for Each ACO Diagnostic
Criterion

Figure 2 shows the proportion of patients who
underwent examinations/tests among the 708
FAS patients; 396 patients had the data neces-
sary for ACO diagnosis, and 312 patients lacked
the data necessary for ACO diagnosis. In the
FAS, the proportion of patients who underwent
examinations and tests for items corresponding
to overall COPD characteristics were as follows:
smoking history or exposure to air pollution
was recorded in 99.9% (707/708), 77.3% (547/
708) underwent chest computed tomography
(CT) imaging to detect emphysematous chan-
ges, and 46.9% (332/708) underwent pul-
monary diffusing capacity tests. The proportion
of patients who underwent examinations and
tests for items corresponding to characteristics
of asthma was high for examinations related to
conditions such as perennial allergic rhinitis at
100% (708/708), history of asthma before age
40 years at 97.2% (688/708), and variable or
paroxysmal respiratory symptoms at 94.5%
(669/708). The proportions of patients who
underwent laboratory and respiratory function
tests were as follows: peripheral blood eosino-
phil count, 79.8% (565/708); fractional exhaled
nitric oxide (FeNO), 63.7% (451/708); airway
reversibility, 46.8% (331/708); and totalFig. 1 Summary of patient disposition within the study

c

Fig. 2 Proportions of patients who underwent evaluation
for each ACO diagnostic criterion among overall patients
(full analysis set, N = 708), patients with data necessary
for ACO diagnosis (n = 396), and patients lacking the
data necessary for ACO diagnosis (n = 312). ACO
asthma–COPD overlap, COPD chronic obstructive pul-
monary disease, CT computed tomography, FeNO frac-
tional exhaled nitric oxide, Ig immunoglobulin, LAA low
attenuation areas
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immunoglobulin (Ig) E or specific IgE, 33.3%
(236/708).

When comparing the proportions of patients
who underwent testing for COPD items among
the 396 patients with the data necessary for
ACO diagnosis and the 312 patients lacking the
data necessary for ACO diagnosis, there was
little difference in the proportions of patients
examined in these groups. In terms of asthma
characteristics, there were no differences in the
implementation of examinations for variable or
paroxysmal respiratory symptoms and history
of asthma before the age of 40 years. However,
there were numerical differences in the pro-
portions of patients who underwent examina-
tions/tests for FeNO (89.6% vs 30.8%), total IgE
or specific IgE (48.5% vs 14.1%), airway
reversibility (60.4% vs 29.5%), and peripheral
blood eosinophil count (93.4% vs 62.5%).

Proportions of Patients Who Met the JRS
ACO Diagnostic Criteria, Among Patients
with COPD, with/without the Physician’s
Diagnosis of Asthma Complications

Among the patients who had the data neces-
sary for ACO diagnosis (n = 396), 177 had
asthma complications according to the
physician’s diagnosis and 38.4% (68/177) of
these patients met the ACO criteria. Despite
having asthma complications, 61.6% (109/
177) were not considered to meet the ACO
criteria. In contrast, of 219 patients without
asthma complications according to the
physician’s diagnosis, 15.1% (33/219) met the
ACO criteria (Table 1).

ICS Use in ACO and Non-ACO Patients

Table 2 shows the patterns of ICS use among
patients who had the data necessary for ACO
diagnosis (n = 396), who met and did not meet
the ACO criteria. Among the patients who met
the ACO criteria, 74.3% (75/101) received ICS,
and 25.7% (26/101) did not receive ICS treat-
ment. In contrast, among patients who did not
meet the ACO criteria, 35.6% (105/295) were
receiving ICS, and 64.4% (190/295) were not
receiving ICS treatment.

Asthma complications based on physician’s
diagnosis, biomarkers, patient-reported out-
comes, and exacerbations by ICS use in ACO

Table 1 Proportions of patients who met the Japanese
Respiratory Society ACO diagnostic criteria, among
patients with COPD, with or without a physician’s diag-
nosis of asthma complications

Patients with the data necessary for ACO diagnosis
(n = 396)

Physician’s
diagnosis

Total Patients
who met
ACO
criteria
(n = 101)

Patients who
did not meet
ACO criteria
(n = 295)

With asthma

complications

177

(100)

68 (38.4) 109 (61.6)

Without

asthma

complications

219

(100)

33 (15.1) 186 (84.9)

Data are n (%). This analysis was conducted using the data
of patients who had the data necessary for ACO diagnosis
(n = 396)
ACO asthma–COPD overlap, COPD chronic obstructive
pulmonary disease

Table 2 Proportions of ICS use in ACO and non-ACO
patients

Patients with the data necessary for ACO diagnosis
(n = 396)

Physician’s
diagnosis

Total Patients who
met ACO
criteria
(n = 101)

Patients who
did not meet
ACO criteria
(n = 295)

ICS use 180

(100)

75 (74.3) 105 (35.6)

No ICS use 216

(100)

26 (25.7) 190 (64.4)

Data are n (%). This analysis was conducted using the data
of patients who had the data necessary for ACO diagnosis
(n = 396)
ACO asthma–COPD overlap, COPD chronic obstructive
pulmonary disease, ICS inhaled corticosteroid
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and non-ACO patients are summarized in
Table 3. The proportions of patients who had
asthma based on a physician’s diagnosis and
received ICS were 81.3% (61/75) in the ACO
group and 57.1% (60/105) in the non-ACO
group (p\0.001 each). For ACO patients, the
mean (SD) FeNO values were 49.4 (39.3) ppb in
the ICS-use group and 43.8 (23.4) ppb in the no
ICS-use group (p = 0.420). In the ACO group,
patients using ICS had higher mean peripheral
blood eosinophil count (p = 0.003), mean
peripheral blood eosinophil ratio (p = 0.005),
and IgE level (total IgE or IgE specific to peren-
nial inhalant antigens) (p = 0.034), and more
frequent variable and paroxysmal symptoms
(p = 0.041 and p = 0.039) than those not using
ICS. In the non-ACO group, a higher proportion
of ICS users had positive IgE specific to peren-
nial inhalant antigens than patients not using
ICS (p = 0.047), and greater proportions of ICS
users had variable symptoms (p = 0.020) and
higher COPD Assessment Test (CAT) (p = 0.023)
and Asthma Control Questionnaire (ACQ)
(p\ 0.001) scores than those not using ICS. In
both the ACO and non-ACO groups, a higher
proportion of patients using ICS had at least one
exacerbation in the past year (22.7% and 12.4%,
respectively) compared with those not using
ICS (11.5% and 9.5%).

Other demographic characteristics by ICS use
are described in Table S3 in the supplementary
material. In the non-ACO group, a higher pro-
portion of patients in the ICS group had com-
plications/comorbidities compared with the
non-ICS patients (88.6% vs 72.1%; p = 0.001).
Allergic rhinitis was more frequent among non-
ACO patients using ICS than those not using
ICS (11.4% vs 4.2%; p = 0.018).

DISCUSSION

The present analysis is based on data collected
from the first large-scale ACO Registry study in
Japan, which included 708 patients with COPD
under the care of respiratory specialists from 27
facilities. The purpose was to clarify the actual
implementation status of examinations and
tests required for diagnosing ACO by respiratory
specialists on the basis of the ACO diagnostic

criteria proposed by the JRS [8] and the status of
ICS prescription for patients diagnosed with
ACO or non-ACO based on the ACO diagnostic
criteria.

We consider that the strengths of the present
study were that data were obtained from mul-
tiple centers across Japan and that patients were
assessed by respiratory specialists. In contrast,
other studies evaluating the proportions of
patients in whom examinations and tests were
implemented according to the ACO diagnostic
criteria were mainly single-center studies. These
studies, however, reported higher proportions
of patients with the data necessary for ACO
diagnosis than the proportions observed in the
present study [13–15]. A single-center study
retrospectively confirmed that the proportion
of patients with the data necessary for ACO
diagnosis was 66.9% (111/166 patients),
including 23 patients who had test results for all
ACO diagnostic items [13]. In that study, the
proportion of patients for whom each exami-
nation/test was implemented was relatively
high for airway reversibility (100%), peripheral
blood eosinophils (97.0%), FeNO (94.0%), a
history of asthma before the age of 40 years
(88.6%), and variable or paroxysmal symptoms
(86.7%). In another single-center study, 89.4%
(76/85 patients) had the data necessary for ACO
diagnosis [14]. Given the features of the present
large-scale multicenter observational study, the
present results might reflect the actual status of
testing and treatment in Japan more accurately
than previous studies.

The proportions of patients undergoing
examinations that included the presence or
absence of variable or paroxysmal respiratory
symptoms, history of asthma before the age of
40 years, and the presence or absence of allergic
rhinitis were high. Conversely, the proportions
of patients undergoing objective indicator tests
were lower than expected despite the require-
ment for study sites to have the specialists and
resources available to conduct the necessary
tests. The implementation of objective exami-
nations, in addition to subjective assessments, is
recommended by the JRS ACO Guidelines
[3, 8, 16]. As FeNO quantification is non-inva-
sive and simple, its use as a diagnostic tool
should become more widespread. A recent

Adv Ther (2022) 39:4509–4521 4515
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Japanese study concluded that, for ICS-naı̈ve
patients, FeNO of at least 25.0 ppb and blood
eosinophil count of at least 250 cells/lL had a
96.1% specificity in differentiating ACO from
COPD [17]. The proportion of patients tested for
peripheral blood eosinophil count was rela-
tively high at 79.8%, but testing for IgE was
comparatively low. The acquisition of data
necessary for ACO diagnosis can be increased
without changing the degree of invasiveness to
patients by adding tests for total IgE levels and
specific IgE levels for perennial inhalant anti-
gens at the time of blood collection. A recent
publication reported that specific IgE positivity
for Dermatophagoides pteronyssinus and house
dust was significantly higher in patients meet-
ing the criteria for ACO than in those who did
not meet the ACO criteria [14]. The proportion
of patients undergoing physiological function
tests was lower than that of blood sampling and
imaging tests. If the time required for airway
reversibility tests and the burden on the patient
are considered, it may be difficult to improve
the proportions of patients tested. Conversely,
the pulmonary diffusing capacity test has a
short testing time, is cheaper than CT, and
places a relatively minor burden on the patient.
Therefore, it is desirable to implement this test
actively.

An important finding of this study was that
38.4% of the patients diagnosed as having
comorbid asthma by physicians had ACO
according to the JRS ACO diagnostic criteria and
61.6% did not; for those diagnosed with no
comorbid asthma by physicians, 15.1% had
ACO according to the JRS criteria, and 84.9%
did not. The presence or absence of comorbid
asthma according to physicians and that based
on objective ACO diagnostic criteria were
inconsistent, suggesting that the physician’s
diagnosis of comorbid asthma may not be ade-
quate. Possible explanations for this finding
may be that the physician’s diagnosis was not
based on clear criteria and that diagnosing
asthma in patients with COPD is difficult. This
finding further emphasizes the need to carefully
establish the ACO diagnosis based on the JRS
diagnostic criteria. In the analysis of Japanese
patients (n = 416) in the KRONOS clinical trial,
which was conducted in a COPD population

that excluded patients diagnosed with comor-
bid asthma by physicians, it was reported that
13.2% (55/416) of patients had an eosinophil
count of at least 300 cells/lL, which is one of
the characteristics of asthma [18]. These results
indicate that objective indicators may help dis-
cern whether some patients with COPD con-
sidered not to have comorbid asthma by a
physician may actually be misdiagnosed. Thus,
the tests described by the ACO diagnostic cri-
teria should be conducted to confirm the pres-
ence or absence of comorbid asthma, regardless
of the physician’s diagnosis.

Another aim of the current study was to
investigate whether ACO and non-ACO
patients in real clinical practice were treated
in accordance with the recommendations of
treatment guidelines [6, 8]. We found that
74.3% of patients who met the JRS ACO
diagnostic criteria used ICS, and 25.7% did
not. ACO patients who used ICS had higher
proportions of comorbid asthma according to
a physician’s diagnosis, variable or paroxys-
mal respiratory symptoms, higher peripheral
blood eosinophil count/percentage, and
higher IgE levels, compared with those who
did not use ICS, suggesting these factors
facilitate the prescription of ICS in ACO
patients. However, patients who met these
factors did not necessarily use ICS. Of ACO
patients who did not use ICS, 44.0% had a
peripheral blood eosinophil count/percentage
greater than 5% or more than 300 cells/lL,
72.2% had high IgE levels, and 50.0% had
variable symptoms. Even in ACO patients who
were also diagnosed with comorbid asthma by
a physician, 26.9% did not use ICS. The pres-
ence or absence of ACO should be accurately
detected using the diagnostic criteria, and
appropriate treatment, including ICS, should
be prescribed for patients diagnosed with ACO
per the current guidelines [8].

Conversely, among patients who did not
meet the ACO diagnostic criteria, 64.4% were
not using ICS and 35.6% used ICS. The pro-
portion of non-ACO patients using ICS in Japan
was lower than that reported in studies con-
ducted overseas, such as KRONOS, ETHOS, and
IMPACT [18–21]. Non-ACO patients who used
ICS had higher proportions of comorbid asthma
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based on a physician’s diagnosis, variable
symptoms, and higher CAT scores and ACQ
scores than those who did not use ICS, sug-
gesting these factors may also affect the usage of
ICS. There were no differences in the frequency
of exacerbations, FeNO values, or peripheral
blood eosinophil count/percentage with or
without ICS use in this group, implying that
physicians may not attach greater importance
to exacerbation occurrence or biomarker levels
when considering whether to prescribe ICS. The
Global Initiative for Chronic Obstructive Lung
Disease 2021 guideline recommends the addi-
tion of ICS to a long-acting beta-agonist for
patients with moderate to severe exacerbations
[5]. This approach may be particularly effective
in patients with peripheral blood eosinophil
counts of more than 300 cells/lL [5]. In the
present study, some non-ACO, ICS-untreated
patients had a peripheral blood eosinophil
count/percentage greater than 5% or more than
300 cells/lL or exacerbations; these patients
may require ICS therapy.

This study had several limitations. Enroll-
ment was limited to patients from sites where
tests used for ACO diagnosis were conducted in
routine clinical practice, and specialists treated
the registered patients in a relatively well-
equipped environment. This may have affected
patient demographics and clinical outcomes,
limiting the application of this study’s results to
patient populations in other medical facilities,
including those that cannot perform the
required tests. As this study was restricted to
outpatients who could visit the study sites reg-
ularly, the results of this study cannot be
directly extrapolated to patients who make
irregular visits in primary care or inpatients. The
proportion of patients who underwent exami-
nations/tests was evaluated only within 1 year
prior to registration. Finally, the study included
both treatment-naı̈ve patients and those who
had drug treatment. Thus, there may have been
patients with ACO who did not meet the ACO
diagnostic criteria as a result of prior clinical
intervention.

CONCLUSIONS

This multicenter study conducted at 27 study
sites across Japan revealed the proportions of
patients who underwent examinations/tests by
respiratory specialists for each item of the ACO
diagnostic criteria advocated by the JRS. Over-
all, the proportion of objective laboratory and
physiological tests was lower than expected
despite the specification for sites with the spe-
cialists and resources available to conduct the
necessary tests. The presence or absence of
comorbid asthma based on the ACO diagnostic
criteria and the presence or absence of comor-
bid asthma based on the physician’s diagnosis
did not always match. In order to properly
diagnose comorbid asthma in patients with
COPD, it is sensible to actively implement not
only examinations but also objective tests that
serve as indicators of ACO diagnostic criteria.
The present findings clearly show that most
patients with ACO were being treated with ICS
as recommended in the JRS treatment guide-
lines. Attempts should be made to further
increase the proper use of ICS among these
patients in Japan.
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