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Background: Elucidating the prevalence of asthma and chronic obstructive pulmonary
disease (COPD) is important for designing a public health strategy. Recent studies have
discriminated a phenotype of COPD with variable airflow limitation (COPD-VAL) associated
with asthma-COPD overlap syndrome. Its prevalence remains uncertain. The age and
occupational distributions in the town of Hisayama and in Japan are nearly identical. Each
disease's prevalence was estimated for the town's residents.
Methods: Tn 2008, town residents (>40 years) were solicited to participate in a health
checkup. Individuals with abnormal spirometry (forced expiratory volume in 1 s/forced
vital capacity [FEV/FVC]<70% and/or %FVC<80%) were recommended for further evalua-
tions. Two pulmonologists in a blinded fashion reviewed their medical records, including
bronchodilator reversibility. Individuals with airflow limitation were classified as having
asthma, COPD, COPD-VAL, or other diseases. The prevalence of each disease was then
estimated.
Results: A total of 2100 residents (43.4% of residents in the age group) completed
spirometry. In 455 residents with abnormal spirometry, 190 residents had further evalua-
tions, and the medical records of 174 residents were reviewed. The prevalence of asthma
with airflow limitation, COPD, and COPD-VAL, were 2.0%, 8.4%, and 0.9%, respectively. The
prevalence of COPD and COPD-VAL were higher in men and smokers than in women and
never-smokers. The prevalence of COPD, but not COPD-VAL or asthma, increased with age.
Conclusion: The prevalence of asthma with airflow limitation, COPD, and COPD-VAL were
estimated in a population of residents (> 40 years) in Hisayama.

© 2014 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Asthma and chronic obstructive pulmonary disease (COPD)
are major inflammatory diseases of the lung, with high and
rising prevalence that disturbs the health-related quality of
life of patients and imposes a substantial burden on the
socioeconomic status of countries {1,2]. To design a public
health strategy, it is crucial to have accurate knowledge of
their prevalence. In this regard, one obstacle may be the
difficult differential diagnoses, particularly in elderly resi-
dents with long-term smoking histories. Postbronchodilator
spirometry and bronchodilator reversibility testing have been
used to discriminate asthma from COPD, but these tests may
not be effective in chronic asthma patients with airway
remodeling [3]. Recent investigations have discriminated a
disease phenotype of COPD with variable airflow limitation
(COPD-VAL) as a cardinal feature of asthma-COPD overlap
syndrome [4-7]. The risk factors are increased age, bronchial
hyperresponsiveness, cigarette smoke exposure, history of
asthma, and lower respiratory tract infections during infancy.
Patients with overlap syndrome have an increased frequency
of exacerbations and an accelerated loss of lung function
[5,6]. The prevalence and risk factors in this phenotype in a
general population are unknown.

The Hisayama Study is an ongoing population-based epide-
miologic study designed to investigate the morbidity and
mortality of cardiovascular diseases and of smoking-related
diseases and their risk factors in the community in the town
of Hisayama, Japan [8,9], located in a suburban area adjacent to
Fukuoka City, a large urban center on Kyushu Island in the
southern Japan, with a stable population of 8300 people for over
40 years. From the 1960s, the age and occupational distributions
of the Hisayama population have been almost identical to
those of Japan as a whole, based on data from the national
census [10]. We aimed to estimate the prevalence of asthma

Abbreviations: COPD,
VAL, variable airflow limitation
*Corresponding author. Tel.: +81 92 642 5378; fax: +81 92 642 5389.

chronic obstructive pulmonary disease; GOLD,

with airflow limitation, COPD, and COPD-VAL in a general
Japanese population (i.e., the PAC-J Study), and then to assess
the profiles of sex, smoking history, and age distribution for the
diseases. We used the term “COPD-VAL” rather than “asthma-
COPD overlap syndrome” as the disease entity because the
study design did not intend to obtain full lines of clinical and
laboratory data to evaluate the features of overlap syndrome,
other than VAL. In addition, the diagnosis of asthma was based
on the documentation of airflow limitation to preclude the
ambiguity of “self-reported asthma” without evidence of airflow
limitation.

2. Patients and methods

In 2008, registered residents aged > 40 years were solicited to
participate in a town-wide health checkup, including spiro-
metry. The residents completed a self-reported questionnaire
on cigarette smoke exposure, prior diagnoses of asthma and/
or COPD, and respiratory symptoms. Spirometry was per-
formed under the guidelines of the Japanese Respiratory
Society [11] using a CHESTGRAPH HI-105 spirometer (Chest,
M], Inc., Tokyo, Japan). Up to four tests were used to obtain
satisfactory loop recordings. Two pulmonary physicians
assessed the results by visual inspection and excluded
residents without at least two satisfactory tests. Residents
who had poor spirometric maneuvers were excluded from
the study. Reference values for the percentage of forced
expiratory volume in 1 s predicted (%FEV,) were derived from
the Japanese criteria [11]. Residents who had FEVy/forced
volume capacity (FVC)<70% or/and %FVC<80% were recom-
mended for further evaluation in the outpatient clinics of
pulmonary medicine at Kyushu University Hospital (Fukuoka,
Japan) or Fukuoka-Higashi Medical Center (Fukuoka, Japan).
Individuals who had further evaluations underwent

the Global Initiative for Chronic Obstructive Lung Disease;
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spirometric evaluation, which included reversibility tests,
imaging analyses, and detailed interviews regarding clinical
history. For subjects with asthma or/and COPD who had
taken regular medications, the reversibility test was per-
formed after assessing periodic discontinuation of broncho-
dilators. Positive reversibility was defined as an increase of
200mL and 12% or more in the FEV,; 15min after the
inhalation of salbutamol (GlaxoSmithKline, Tokyo, Japan)
via a metered-dose inhaler with a spacer. The severity of
the airflow obstruction was based on the %FEV, in accor-
dance with Global Initiative for Chronic Obstructive Lung
Disease (GOLD) criteria (i.e., for FEV, = 80% predicted, Stage I;
for FEV,=50-79% predicted, Stage II; for FEV;=30-49% pre-
dicted, Stage III; and for FEV, < 30% predicted, Stage IV) [12].

In 2012, the medical records of the subjects who had been
further evaluated were reviewed by two pulmonary physi-
cians (K.M. and S.F) in a blinded fashion. Based on the
review, the patients were classified as having asthma with
airflow limitation, COPD, COPD-VAL, or other diseases.
Asthma with airflow limitation was defined as episodic
respiratory symptoms and airflow limitation that was fully
reversible with a postbronchodilator FEV,/FVC of 70% or
greater. Asthma was also diagnosed in patients with airflow
limitation that was not fully reversible if the patients had
VAL and a clinical history compatible with asthma such as
repeated episodes of dyspnea or/and wheeze, physician-
diagnosed asthma, or/and medications in young adulthood.
In addition, possible asthma was estimated by enumerating
patients with self-reported asthma, although these patients
were not included in the prevalence of asthma with airflow
limitation. Chronic obstructive pulmonary disease was
defined as not fully reversible airflow limitation without
VAL. Variable airflow limitation was defined as an increase
of 200 mL and 12% or more in the FEV; in the reversibility
test. Chronic obstructive pulmonary disease with variable
airflow limitation was defined as a not fully reversible airflow
limitation with VAL and without a clinical history suggestive
of asthma. If the diagnosis was inconsistent between two
reviewers, a conclusive diagnosis was determined by careful

discussion between the two reviewers. Based on the estima-
tion that subjects without further evaluation would have a
similar prevalence, the prevalence of each disease was
calculated according to the following equation:

The prevalence=a x b/cx d

where a is the number of patients classified by each disease
after reviewing their medical records; b is the number of
subjects with abnormal spirometry at the health checkup; cis
the number of subjects who received further evaluation and
whose medical records were capable of being reviewed; and d
is the total number of subjects who had completed spirome-
try in the health checkup. :

The study was approved by the Institutional Review Board
for Clinical Research of Kyushu University, Fukuoka, Japan
(Approval date: August 6, 2007, and August 10, 2009;
Approved #: 19-15 and 21-37, respectively). The study parti-
cipants provided written informed consent for medical
research. The values were expressed as the mean and
standard deviation. Comparisons between two groups were
performed using the Chi-square test or the Student t test as
needed. Whether the data showed normal distribution was
assessed by Shapiro-Wilk's W test. A P<0.05 was defined as
statistically significant.

3. Results

A total of 2100 subjects (43.4%) successfully completed spiro-
metry. Table 1 shows the subjects' characteristics. Of the 2100
subjects, 455 had an FEV,/FVC of less than 70% or a %FVC of
less than 80%; they were recommended for further evaluations
(Fig. 1). Of the 455 subjects, 190 subjects had further evalua-
tions in the clinics at Kyushu University Hospital (Fukuoka,
Japan) or Fukuoka-Higashi Medical Center (Fukuoka, Japan).
The medical records of 174 subjects were processed for the
study's assessments. The basic profiles of sex, smoking
status, age, and spirometric measures in the health checkup
were not statistically different between the individuals who

Table 1 - The subjects' characteristics.
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diseases with imaging examinations n==
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Fig. 1 - Flow diagram of the study population. COPD, chronic obstructive pulmonary disease; COPD-VAL, chronic obstructive
pulmonary disease with variable airflow limitation; FEV;, forced expiratory volume in 1 s; FVC, forced vital capacity.

Table 2 - The basic profiles in the health check up of evaluatees and nonevaluatees

onevaluatees, individuals who

were available for further evaluations and whose medical
records were available (evaluatees, n=174) and residents who
did not have further evaluations or whose medical records
were unavailable (nonevaluatees, n=281) (Table 2). All sub-
jects had spirometry, including reversibility testing. Taken
together with detailed clinical histories and the results of
imaging analyses, 16 residents were diagnosed as having
asthma with airflow limitation; 67 residents, COPD; and 7
residents, COPD-VAL (Table 3). There was no subject with an
inconsistent diagnosis that required an additional consensus
between the two reviewers. Six (37.5%) of 16 patients with
asthma and 13 (17.5%) of 74 patients with COPD or COPD-VAL
reported a previous diagnosis of asthma or COPD in the self-
reported questionnaire, which suggested that most subjects -
had been underdiagnosed. The remaining 84 residents were
diagnosed as having other diseases (43 patients) or diagnosed
as “normal” (41 residents). The other diseases included

66

bronchiectasis, interstitial lung diseases, nontuberculosis
mycobacteriosis, pneumoconiosis, diffuse panbronchiolitis,
and old inflammatory changes probably due to a past history
of tuberculosis. Twenty subjects had a %FVC<80% without
airway obstruction. According to the documentation of air-
way limitation, the prevalence of asthma with airflow limita-
tion, COPD, and COPD-VAL in residents aged > 40 years were
estimated as 2.0%, 8.4%, and 0.9%, respectively. The preva-
lence of self-reported asthma in the residents with or without
airway limitation was 4.9% (103/2100). The prevalence of
reversible airway limitation with VAL was 1.0%. The preva-
lence of irreversible airway limitation with VAL was 1.2%. The
prevalence of “irreversible airflow limitation without VAL”,
but not that of “asthma with airflow limitation”, “COPD-VAL”,
and “COPD” was 0%.

Women were more dominant among residents with asthma,
compared to residents with COPD (P<0.001). However, they



26

RESPIRATORY INVESTIGATION §3 (20I5) 22-29

Table 3 - The proﬁles of resxdents with asthma with alrﬂow lxmxtatxon, COPD, or COPD-VAL.
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9274266 7274200
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97.6+250 . - 18314199
56.3+13.4%
255.71+30.64°
57464
Coos(ziay
2/(28.6)
0(0)
0(0)

,'Values are expressed as the mean+the standard dewatlon

E forced v1ta1 capac1ty, PBD, postbronchodllator
* P<0.05; versus subjects with asthma with alrﬂow hrmtatlon
e P<0 OS versus sub)ects with COPD :

A

asthma

Emale Efemale

asthma

M ever

COPD

COPD

never

COPD-VAL

COPD-VAL

Fig. 2 - The proportion (A) by male and female sex and (B) by ever- and never-smoker in each disease phenotype. COPD,
chronic obstructive pulmonary disease; COPD-VAL, chronic obstructive pulmonary disease with variable airflow limitation.

were not more dominant in comparison to residents with COPD-
VAL (P=0.073). The sex ratio was not statistically different
between individuals with COPD or COPD-VAL (P=0.421)
(Fig. 2A). Never-smokers were more dominant among residents

67

with asthma, compared to residents with COPD (P<0.001) and
COPD-VAL (P=0.036). The ratio of ever- and never-smokers was
not statistically different between residents with COPD or COPD-
VAL (P=0.639) (Fig. 2B). Postbronchodilator airway limitation,
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Fig. 3 - The prevalence of each disease phenotype, according
to the generation. COPD, chronic obstructive pulmonary
disease; COPD-VAL, chronic obstructive pulmonary disease
with variable airflow limitation.
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Fig. 4 - The histogram of reversibility (i.e., the percent
change between the pre- and postbronchodilator FEV,)

in patients with COPD (n=67). The red line indicates the
Gaussian curve, The validity of the normal distribution was
assessed using Shapiro-Wilk's W test (P=0.008).

measured by the FEV; (% predicted) and the FEVy/FVC,
was significantly greater in the COPD and COPD-VAL groups,
compared to the asthma group. In the COPD group, 80.6% of the
residents were staged at GOLD stage I, whereas 71.4% of the
residents in the COPD-VAL group were staged at GOLD stage L
The prevalence of COPD increased with age, but there were no
any generation-associated trends for the prevalence of asthma
or COPD-VAL (Fig. 3). To evaluate the profile of reversibility, a
histogram of reversibility was obtained for individuals with
COPD (Fig. 4). The pattern of the histogram was compatible
with a normal distribution, which was confirmed by statistical
analysis using Shapiro-Wilk's W test (P=0.008).

4. Discussion

In 2004, Fukuchi et al. [13] reported for the first time a
spirometry-based study—the Nippon COPD Epidemiology
(NICE) study—on the prevalence of airflow obstruction in
Japan. In the NICE study conducted in 2000, the clinical,
spirometric, and risk factor exposure data were collected
from 2343 eligible household individuals in 18 prefectures,
aged > 40 years and demographically similar to the Japanese
population. The prevalence of airflow limitation (FEVy/
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FVC<70%) was 10.9% in the study. The NICE study did not
use reversibility testing to exclude subjects with asthma. The
study accounted for this instead by defining a group of
subjects with airflow limitation with possible asthma, based
on self-reported diagnoses and symptoms. By excluding
individuals who responded positively to any one of four
asthma-compatible questions, the COPD prevalence was
estimated as 8.6%.

From 2004 to 2005, a community-based approach has been
conducted in Takahata, a town in the eastern part of Japan,
where spirometric data were collected from 2917 residents
aged >40 years (representing 19% of the total age-matched
population) [14]. The prevalence of airflow limitation (i.e.,
FEV,/FVC<70%) was 10.6%. In the present study, the preva-
lence of asthma with airflow limitation, COPD, and COPD-VAL
were 2.0%, 8.4%, and 0.9%, respectively. The summarized
prevalence of the three diseases was 11.3%, and the com-
bined prevalence of COPD and COPD-VAL was 9.3%. These
values are slightly higher than those in the NICE study and
the Takahata study. In this study, there were many never-
smokers with COPD (17%) or COPD-VAL (29%). Many of these
individuals were females. A similar result was shown by a
subanalysis of the Burden of Obstructive Lung Disease (BOLD)
study in which lower education levels were associated with
an increased risk for COPD among female never-smokers [15].
We did not assess education levels for the study participants.

This study has several limitations regarding data inter-
pretation. The data were collected on town residents who
agreed to participate in a town-wide health checkup; they
represented 43.4% of the total age-matched population. There
was no assurance that the remaining residents had a similar
prevalence. Because participants in health checkups tend to
be highly motivated for wellbeing, nonparticipants may have
different profiles, presumably with a higher disease preva-
lence. This assumption is supported by previous studies in
which individuals in Japan underwent health checkups on
one's own initiative [16-18]. The prevalence of COPD in the
studies ranges 2.4-7.0%, which is less than the prevalence in
the present study. On the other hand, general clinics and
primary care settings in Japan report a higher prevalence of
13.6-21.9% [19,20]. However, the difference in the prevalence
of airflow obstruction may be because of the difference in the
age distribution. The NICE study, the Takahata study, and the
present study only examined patients aged > 40 years.

The classical disease concept of COPD involves airflow
limitation without apparent reversibility in spirometry. How-
ever, recent clinical studies have revealed that a considerable
proportion of patients with COPD have significant reversibility,
which shows a normal distribution in the histogram [21-23].
The histogram of reversibility in patients with COPD also
showed a pattern of normal distribution. The presence or
absence of reversibility may have no impact on decisions
regarding pharmacotherapy for COPD [24,25]. This postulation
is relevant for avoiding unnecessary preclusion of therapeutic
options for subpopulations of patients with COPD; however,
the presence of VAL may have additional significance in
deciding the content of pharmacotherapy. Gibson et al. [4]
suggest that in older patients with airflow limitation, as many
as one-half or more may have overlapping diagnoses of
asthma and COPD, (i.e., asthma-COPD overlap syndrome) {4].
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This syndrome is recognized by the coexistence of VAL in
patients with incompletely reversible airflow limitation. The
risk factors involve increasing age, bronchial hyperresponsive-
ness, cigarette smoke exposure, history of asthma, and lower
respiratory infections in infancy. Residents with overlap syn-
drome have been excluded from clinical therapy trials; there-
fore, knowledge of this syndrome and optimal therapy remain
unestablished [4]. The overlapping of asthma and COPD may
raise a clinically important concern—whether these patients
should be treated with inhaled corticosteroids in combination
with long-acting bronchodilators because their asthma-
associated components are expected to be steroid-sensitive.

Here, the prevalence of COPD-VAL was 0.9%, which was
less than 10% of the total number of individuals with COPD
(i.e., 0.9/9.3), which was far less than that of overlap syn-
drome reported previously [4,26].

The discrepancy may be attributable to study participant
recruitment. Previous studies assessed the prevalence in
residents after hospital/clinic-based recruitment, whereas
the present study assessed the prevalence after a health
checkup-based recruitment of the town's residents. The
prevalence of overlap syndrome reportedly increases with
the severity of airflow limitation. The composition of patients
with airway limitation may be less severe than that in
previous studies. A large proportion of patients with COPD
(80.6%) and COPD-VAL (71.4%) were staged at COPD stage I,
and most patients had not been diagnosed as having airflow
limitation at the health checkup.

Another limitation is that the disease entity of COPD-VAL
may not be identical to asthma-COPD overlap syndrome. The
coexistence of VAL with incompletely reversible airway
limitation is an essential feature of overlap syndrome; how-
ever, other features are also involved. We did not obtain full
lines of clinical and laboratory data such as bronchial hyper-
responsiveness, airway inflammation, and a history of lower
respiratory infection in infancy. Thus, it was difficult to
evaluate the other features of overlap syndrome. Further-
more, different definitions are used for a diagnosis of
asthma-COPD overlap [4-7]. A consensus on the definition
of “overlap” is mandatory. Despite these limitations, COPD-
VAL showed a profile that was distinct from that of COPD
because the prevalence of COPD increased with age, while no
age- or generation-associated trend was noted for COPD-VAL.
This finding may question the standing that VAL is a
normally distributed continuous variable in COPD. Thus, if
the reversibility is normally distributed, the prevalence of
COPD-VAL in each generation should be similar to the
prevalence of COPD without VAL.

A remaining concern is that the age- and generation-
related increase of COPD prevalence may be associated with
an overdiagnosis of airflow limitation in elderly patients.
Table 1 shows that the mean value of the FEV,/FVC decreased
with age. There is an opinion that the presence of airflow
limitation should be defined by the fifth percentile lower limit
of normal (LLN) (i.e., FEV,/FVC<LLN) instead of a fixed criteria
(i.e., FEV4/FVC<70%) [27,28]. An investigation of this stand-
point is underway in the currently ongoing health checkup in
Hisayama.

The prevalence of asthma in this study was defined by the
documentation of airflow limitation and by the assessment of
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medical records. Patients with asthma who showed no airflow
limitation at the health checkup visit would be individuals
with mild asthma or well-controlled asthmatics, although these
patients may occupy a large portion of asthmatics in the general
population. The prevalence of “self-reported asthma” in this
study was indeed 4.9%.

Postbronchodilator spirometry was performed 15min
after inhaling salbutamol, based on the guidelines of the
Japanese Respiratory Society [11]. Several studies provide a
rationale for using an anticholinergic agent in combination
with a f,-agonist in the reversibility test [22,29,30]. In this
case, 30 min or more would be required for maximal bronch-
odilatation. In addition, it is well known that patients with
asthma without fully reversible airflow limitation often have
no acute response to bronchodilators. These patients may be
classified as patients with chronic asthma or asthma with
marked airway remodeling. We carefully assessed the indi-
vidual medical records regarding a history compatible with
asthma; however, the study design may fail to detect such
patients.

In conclusion, the prevalence of asthma with airflow
limitation, COPD, and COPD-VAL was 2.0%, 8.4%, and 0.9%,
respectively, in residents aged =40 years from Hisayama, a
town representative of the general Japanese population. The
question arises as to whether these phenotypes have differ-
ent clinical courses. A recent study reports no difference in
the decline in the postbronchodilator FEV, in groups of
people with asthma, asthma-COPD overlap, and COPD [31],
which contrasts with previous studies that report that
patients with overlap syndrome had an increased frequency
of exacerbations and an accelerated loss of lung function
[5,6]. The clinical relevance of COPD-VAL will be evaluated in
the continuing survey of these patients.
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Background: Chronic obstructive pulmonary disease (COPD) is highly prevalent worldwide. COPD is a
treatable disease and it is important to identify COPD subjects, highlighting the need for an efficient
screening measure. Although the COPD screening questionnaire (COPD Population Screener, COPD-PS)
was developed as a screening tool, its validity is not clear in population-based studies. This study de-
termines the validity of the COPD-PS in the general Japanese population.
Methods: All registered residents living in the town of Hisayama aged above 40 were solicited to
participate in a health check-up in 2012. All subjects aged 40—79 without physician-diagnosed asthma or
lung resection were recruited, and 2357 subjects with the COPD-PS recorded and valid spirometry
measurements were analyzed. Persistent airflow obstruction (AO) was defined by post-bronchodilator
FEV{/FVC < 0.7. The sensitivity and specificity of the COPD-PS score for identifying AO was assessed
by logistic regression analysis.
Results: The prevalence of AO in this population was 6.5%. The overall area under the receiver operating
characteristic (ROC) curve for the continuous COPD-PS score was 0.748. A cut-point of 4-points is rec-
ommended, resulting in a sensitivity of 67.1% and specificity of 72.9% with an area under the ROC curve of
0.70. The positive predictive value was 14.6% and negative predictive value was 97.0%.
Conclusions: The COPD-PS appears to be an adequate measure for large scale screening of possible
airflow obstruction requiring further testing with spirometry.
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Introduction

Chronic obstructive pulmonary disease (COPD), characterized
by airflow limitation that is not fully reversible and usually pro-
gressive,! is presently the fourth leading cause of death, and it is
projected to be the third largest global cause of mortality by the
year 2030.2 COPD is high prevalent worldwide®# and also in Japan,”
and it will become one of the major health challenges. COPD is a
preventable and treatable disease with some significant extrap-
ulmonary effects,' and it would be important to identify these
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subjects. However, history and physical examination are poor
predictors of airflow obstruction (AO)® and a large number of COPD
patients have not yet been diagnosed.”®

The diagnosis of COPD has conventionally been based on
physiological pulmonary function tests using spirometry that
documents the presence of airflow limitation that is not fully
reversible, for which the threshold is a post-bronchodilator ratio of
forced expiratory volume in one second (FEV;) to forced vital ca-
pacity (FVC) of 0.7.! Spirometric testing for early detection without
pre-selection of at-risk patients may result in wasting healthcare
resources.”!? A self-administered questionnaire may identify cases
with a high likelihood of showing airflow limitation and enhance
the detection rate of COPD. Some COPD diagnostic questionnaires
have already been reported."" "> Recently, a Clinician Working
Group in the United States has developed a simpler and self-scored
questionnaire (COPD Population Screener, COPD-PS) comprised of
three COPD-related items (breathlessness, productive cough, and
activity limitation), a smoking history item, and an age item.'® They
determined the validity of the COPD-PS for the identification of
individuals at increased risk of airflow limitation among patients
from pulmonary specialist sites and from general practice.

However, few population-based studies, especially in Asian
populations, have addressed the validation of the COPD screening
questionnaire. Since considerable heterogeneity in genetic back-
ground and lifestyle exists between Asian and Western pop-
ulations,"” it is of value to determine the validity of the COPD
screening questionnaire in the general Japanese population. The
purpose of this study was to conduct the statistical validation of the
COPD-PS using the newly translated Japanese version, and to
evaluate its diagnostic cut-points for diagnostic triage.

Methods
Study population

The Hisayama Study is an ongoing population-based epidemi-
ologic study designed to investigate the morbidity and mortality of
cardiovascular diseases and of smoking-related diseases and their
risk factors in the community in the town of Hisayama, Japan. The
town is located in a suburban area adjacent to Fukuoka City, a large
urban center on Kyushu Island in the southern part of Japan. The
population of the town is approximately 8000 and has been stable
for more than the last 50 years. The age and occupational distri-
butions of the Hisayama population have been almost identical to
* those of Japan as a whole from the 1960s to the present, based on
data from the national census.'®

Study design

The local government of Hisayama solicited all registered resi-
dents aged 40 years and older to participate in a town-wide health
check-up. As there were practical difficulties in measuring lung
function in elderly patients, the chosen target group for case finding
in our study was aged 40—79 years. Of those who agreed to
participate in the health check-up with informed consent, subjects
meeting the following exclusion criteria were excluded from this
study: Subjects who had physician-diagnosed asthma or lung
resection. Eligible subjects were enrolled to the present study be-
tween June and October 2012.

Subjects attending their health check-up completed the Japa-
nese version of the COPD-PS and then were administered spirom-
etry using a CHESTGRAPH HI-105 spirometer (Chest MI, Inc., Tokyo,
Japan), in addition to their usual health check-up clinical tests.
Subjects were asked to perform at least three FVC maneuvers ac-
cording to the recommended method.'® Two pulmonary physicians

72

G. Tsukuya et al. / Allergology International 64 (2015) 49—53

assessed the results of flow-volume curves, and they excluded
subjects with poor studied data. The highest FEV; and FVC values
were recorded. Reference values for FEV1% predicted were derived
from Japanese criteria.!” Subjects who had a FEV;/FVC of less than
70% were required to have a post-bronchodilator spirometry
following inhalation of 200 ug of salbutamol (GlaxoSmithKline,
Tokyo, Japan) via a metered-dose inhaler. A total of 2643 subjects
aged 40—79 years were recruited between June and October 2012
(65.3% of the total population in that age group). There were 2357
subjects with a COPD-PS recorded and valid spirometry measure-
ments after excluding 105 subjects who had physician-diagnosed
asthma, 22 who had lung resection, and 159 who had poor stud-
ied data. Study subjects with a post-bronchodilator FEV,/FVC < 70%
were defined as persistent AO. The severity of airflow obstruction
was based upon the percent of predicted FEV;, in accordance with
Global Initiative for Chronic Obstructive Lung Disease (GOLD)
criteria (FEV; > 80% predicted, mild; 50 < FEV; < 80% predicted,
moderate; 30 < FEV; < 50% predicted, severe; FEV; < 30% pre-
dicted, very severe).!

The study protocol was approved by the Institutional Review
Board for Clinical Research of Kyushu University (Number 2137,
24—-82 & 24—123) and of Kagoshima University (Number 156 &
279), and informed consent for medical research was obtained from
the study subjects.

COPD-PS

The COPD-PS used in this study was translated and culturally
adapted from the English version using an internationally recog-
nized forward-backward methodology.”® The COPD-PS contains
five items; three assessing symptoms on a five-point scale, one on
cigarette use (three-point scale) and one on the subject’s age using
four categories. Each question is scored as a 0, 1 or 2 with a summed
total score ranging from 0 to 10. The completion of this question-
naire takes approximately 5 min. The COPD-PS is a self-scored
questionnaire aimed to help clinicians identify patients for a full
diagnostic evaluation.

Statistical analysis

Descriptive analyses [e.g., mean (standard deviation) or n (%)]
were performed on the study population at baseline for the de-
mographic characteristics of the study population and the COPD-
PS. In addition to descriptive analyses, the COPD-PS items were
assessed for floor and ceiling effects and missing data. Floor effect
refers to a high percentage of subjects scoring the lowest scores
possible while ceiling effect refers to a high percentage of subjects
achieving the highest scores possible. Floor and ceiling effects must
be interpreted in relation to the condition experienced by the
population. Items missing more than 10% of responses were
investigated.

The COPD-PS was evaluated as to its ability to correctly guide
the diagnosis of obstructive lung disease. The validation of such
tools is based on the predictive validity which basis comes from
epidemiologic theory and methods. This key property has two
major implications: Decision rules are based on scores with
threshold values, and the performance should be assessed against
the gold standard. The notion of a gold standard or external criteria
for classifying patients is essential to evaluate the accuracy of the
measure being analyzed.

The evaluation of cut-point levels was conducted through
receiver operating characteristic (ROC) curve analysis and the ex-
amination of the odds ratio, sensitivity and specificity, Positive
Predictive Value (PPV), Negative Predictive Value (NPV), and
percent correctly classified. Analysis of variance (ANOVA) was
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conducted to evaluate the COPD-PS total score, age and pack-years
smoking in relation to AO status. Significance was evaluated against
an alpha-level of 0.05. All statistical analyses were performed using
JMP software (SAS International Inc., Cary, NC) with significance set
at P < 0.05.

Results

Table 1 presents the characteristics of the 2357 subjects by
airflow limitation category following post-bronchodilator spirom-
etry. The majority of subjects (89.0%) showed an initial FEV;/
FVC > 0.7. Following post-bronchodilator spirometry, 6.5% were
found to have AO. Almost half (47.7%) of AO subjects were classified
with moderate COPD. Only 5.9% of AO subjects were classified as
severe or very severe. AQ subjects were older, included more men,
had lower BMI, had a higher number of pack-years smoking, and
had a greater proportion of former and current smokers.

Mean and median scores on the COPD-PS were higher for AO
subjects. Mean values increased from 2.4 to 3.9, while the median
COPD-PS score doubled from 2 with no AO to 4 with confirmed AO.
The response distributions for each item on the COPD-PS are pre-
sented in Table 2. There were floor effects on items 1-3, with
48.8%—82.3% of subjects responding to the lowest score. There were
no ceiling effects. There were few missing data at the item level and
none at the scale level.

The overall area under the ROC curve for the continuous COPD-
PS score was 0.748 (95% Cl 0.706—0.789, P < 0.001) (Fig. 1). The
COPD-PS was evaluated for the appropriateness of various cut-
points (Table 3). The cut-point with the best area under the ROC
curve was 4-points, with an area under the ROC of 0.70. This
resulted in a sensitivity of 67.1% and specificity of 72.9%. The posi-
tive predictive value was 14.6% and negative predictive value was

Table 1
Baseline characteristics.
Non-AQ' A0
Pre-bd’ Pre-bd*
FEV,/FVC > 70% FEV,/FVC < 70%
n 2094 110 153
age 60.4 (10.5) 65.0 (10.4) 66.6 (10.4)
Male (%) 41.5 45.5 68.0
BMI (kg/m?) 23.3(34) 22.8(34) 22.2(3.4)
Pack year
Mean (+SD) 11.5 (+19.6) 15.6 (+21.2) 31.1 (=30.6)
Median (IQR") 0 (0-19) 0 (0-30) 26.8 (0—-47.3)
Smoking status (%)
Never 59.5 52.7 28.1
Former 25.4 245 353
Current 15.1 227 36.6
COPD-PS
Mean (+SD) 24 (+1.4) 29(x14) 3.9 (x1.7)
Median (IQR%) 2(2-4) 2(2—4) 4(2-5)
%FVC 100.8 (13.3) 101.4 (13.4) 96.4(13.4)
pre-bd FEV% predicted  95.5 (14.5) 84.8 (14.5) 74.7 (14.5)
post-bd FEV,% predicted NA 91.2 (15.7) 78.0 (15.7)
pre-bd FEV,% 77.7 (6.3) 67.6 (6.3) 62.2 (6.3)
post-bd FEV,% NA 73.6 (8.6) 63.3 (8.6)
Reversibility (%) NA 29.1 17.6
COPD-stage (%)
Mild NA NA 46.4
Moderate NA NA 47.7
Severe NA NA 5.2
Very severe NA NA 0.7

' Non-AO, post-bronchodilator FEV;/FVC > 0.7; AO, post-bronchodilator FEVy/
FVC < 0.7.

¥ Pre-bd, pre-bronchodilator.

$ IQR, interquartile range.
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Table 2
COPD-PS item score distributions.

ftem n (%)

1. During The past 4 weeks, how much of the time did you feel short of
breath?

Not of the time 1940 (82.3)
A Little of the time 208 (8.8)
Some of the time 188 (8.0)
Most of the time 17 (0.7)
All the time 2(0.1)
Missing 2(0.1)
2. Do you ever cough up any “stuff,” such as mucus or phlegm?
No, never 1148 (48.8)
Only with occasional colds or chest infections 874 (37.1)
Yes, a few days a month 196 (8.3)
Yes, most days a week 64 (2.7)
Yes, everyday 72(3.0)
Missing 3(0.1)
3.1 do less than I used to because of my breathing problems in the past
12 months.
Strongly disagree 1718 (73.0)
Disagree 462 (19.6)
Unsure 123 (5.2)
Agree 43 (1.8)
Strongly agree 6(0.2)
Missing 5(0.2)
4. Have you smoked at least 100 cigarettes in your ENTIRE LIFE?
No 1348 (57.2)
Yes 1006 (42.7)
Don't know 3(0.1)
5. How old are you?
Age 35 to 49 406 (17.2)
Age 50 to 59 558 (23.7)
Age 60 to 69 823 (34.9)
Age 70+ 570 (24.2)

97.0%. When a cut-point of 4 points was used, the crude odds ratio
(OR) of COPD-PS for AO was 5.49, and the adjusted OR by gender,
age, BMI, and pack-years was 1.51 (95% CI 1.29-1.76).

Discussion

In the present population-based study, the Japanese version of
COPD-PS was validated in a general Japanese population. A diag-
nostic cut-point of 4 was selected, and the adjusted OR by gender,
age, BMI, and pack-years was significantly greater than 1.0

Sensitivity

1- specificity

Fig. 1. Receiver Operating Characteristic (ROC) Curve of COPD-PS to discriminate be-
tween AO and non-AQO states.



