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Abstract:

Objective To evaluate the effectiveness of an early detection program for chronic obstructive pulmonary
disease (COPD) in a primary care setting in Japan.

Methods Participants of 240 years of age who regularly visited a general practitioner’s clinic due to chronic
disease were asked to complete a COPD screening questionnaire (COPD Population Screener; COPD-PS)
and undergo simplified spirometry using a handheld spirometric device. Patients who showed possible COPD
were referred to a respiratory specialist and underwent a detailed examination that included spirometry and
chest radiography.

Results A total of 111 patients with possible COPD were referred for close examination. Among these pa-
tients, 27 patients were newly diagnosed with COPD. The patients with COPD were older, had lower BMI
values, and had a longer smoking history in comparison to non-COPD patients. COPD patients also had
more comorbid conditions. A diagnosis of COPD was significantly associated with a high COPD-PS score (p
<0.001) and the detection of possible airflow limitation evaluated by the handheld spirometric device (p<
0.01). An ROC curve analysis demonstrated that 5 points was the best COPD-PS cut-off value for the diag-
nosis of COPD. The combination of both tools showed 40.7% of sensitivity and 96.4% of specificity.
Conclusion The use of the COPD-PS plus a handheld spirometric device could facilitate the early detection

of undiagnosed COPD in primary care.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a com-
mon, preventable, and treatable disease characterized by per-
sistent respiratory symptoms and airflow limitation that is
not fully reversible (1). The airflow limitation is usually pro-
gressive and is associated with the inflammation of the lung
due to long-term inhalational exposure to noxious sub-
stances such as tobacco smoke. Clinically, COPD is charac-
terized by exertional dyspnea, chronic cough, and sputum
production with a gradual onset and progression.

COPD is a leading cause of morbidity and mortality
worldwide and is associated with an economic and social
burden (2, 3). It is ranked as the 10th highest cause of death

in Japan (4). COPD is a preventable and treatable dis-
ease (1). However, many patients with COPD remain undi-
agnosed and untreated (5). Patients with COPD who regu-
larly visit primary care clinics to treat other chronic diseases
often under-recognize the significance of their respiratory
symptoms, and physicians frequently miss opportunities to
diagnose COPD.

Several approaches for initial screening, including ques-
tionnaire assessments and measurements with a handheld
spirometric device, have been evaluated (6). However, the
effectiveness of these approaches in the Japanese primary
care setting has not been established.

We conducted a prospective, multi-center, cross-sectional
observational study to evaluate the effectiveness of an early
detection program using a questionnaire and assessment
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with a handheld spirometric device in the early detection of
COPD.

Materials and Methods

Study design

A prospective multi-center, observational study was con-
ducted between August 2013 and January 2014. Participants
were enrolled from 16 primary care clinics and 4 hospitals
that were affiliated with the Ishinomaki COPD Network
(ICON) (7). All of the facilities were located in Ishinomaki
and the surrounding cities in Japan.

The protocol of this study was approved by the Ethics
Committee of the Japanese Red Cross Ishinomaki Hospital
(approval number: H24-2512) and all of the participants pro-
vided their written informed consent. This study was regis-
tered with the University Hospital Medical Information Net-
work (UMIN) Clinical Trials Registry (identifier: UMIN
000011433).

Participants

Patients of >40 years of age who received outpatient care
for chronic disease at primary care clinics were included in
this study. Patients with known chronic respiratory diseases,
including asthma and COPD, and patients suffering from
acute respiratory symptoms were excluded from the present
study.

The patients were asked to complete a symptom-based
questionnaire and use a handheld spirometric device. If they
were identified as having possible COPD, they were referred
to Japanese Red Cross Ishinomaki Hospital (Ishinomaki, Ja-
pan) and underwent close examination by a respiratory spe-
cialist, which included spirometry and chest radiography.

The clinical and physiological measurements

The sociodemographic characteristics and smoking history
of each patient were recorded. The body mass index (BMI)
was calculated in kg/m’. The pack-year was calculated by
multiplying the number of packs (1 pack =20 cigarettes) of
cigarettes smoked per day by the number of years that the
person had smoked. The data regarding comorbid condi-
tions, including hypertension, hyperlipidemia, diabetes, cere-
brovascular disease, arrhythmia, ischemic heart disease, gas-
tric ulcer or gastric reflux disease, depression, insomnia, 0s-
teoporosis, and others, were obtained from uniform referral
letters.

The COPD Population Screener™ (COPD-PS™; Optu-
mlInsight Life Sciences, f/k/a QualityMetrics Incorporated,
Eden Prairie, USA) is a self-administered symptom-based
questionnaire, which was designed to identify patients with
airflow limitation in the general population (8). The COPD-
PS includes a 5-item questionnaire that evaluates the level of
breathlessness, productive cough, activity limitation, smok-
ing history, and age. The Japanese version was developed in
2012; the scores range from 0 to 10, and a score >4 sug-

gests COPD (9).

Forced expiratory volume in one second (FEV,)/forced
expiratory volume in six seconds (FEV,) ratio was measured
using a handheld spirometric device (Hi-Checker™, Takara
Tsusho, Tokyo, Japan) (10, 11). Possible airflow limitation
was defined by an FEV/FEV; ratio <0.75. The FEV/FEV
ratio can be used as a valid alternative to the FEV,/forced
vital capacity (FVC) in the diagnosis of airflow limita-
tion (12, 13).

Conventional spirometry was conducted by a well-trained
technician in accordance with the guidelines under stable
conditions (14). The spirometric results were categorized as
normal, restrictive (%vital capacity <80%), obstructive
(FEV/FVC <70%), or mixed (%vital capacity <80% and
FEV./FVC <70%) pattern.

A diagnosis of COPD was made based on the results of
spirometry (post-bronchodilator FEV//FVC <0.7), in accor-
dance with the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria (1). The severity of airflow
limitation was classified in accordance with GOLD stag-
ing (1). Chronic bronchitis was defined by the presence of
cough and sputum production for at least 3 months in each
of two consecutive years (1). Emphysema was diagnosed by
respiratory specialists based on chest radiographs.

Statistical analysis

The data are shown as the meanzstandard deviation (SD)
values unless otherwise specified. For continuous variables,
Differences between groups were assessed using Student’s t-
test or the Mann-Whitney U test. Associations between cate-
gorical variables were evaluated using Fisher’s exact test.
The distribution of the smoking status between patients with
COPD and without lung disease was analyzed using the
Kruskal-Wallis test. Receiver operating characteristic (ROC)
curves were plotted in order to estimate the diagnostic cut-
off values. An optimal cut-off value was obtained from the
highest sum of sensitivity and specificity.

All of the statistical analyses were performed using EZR
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan), a graphical user interface for the R software pro-
gram (The R Foundation for Statistical Computing, Vienna,
Austria) (15). The p values of <0.05 were considered to in-
dicate statistical significance.

Results

Out of the 482 eligible patients who were screened, 274
were identified as having possible COPD. Of the 274 pa-
tients with possible COPD, 111 patients were referred for
closer examination at Japanese Red Cross Ishinomaki Hospi-
tal. The characteristics of this possible COPD group are
shown in Table 1.

One patient could not perform the pulmonary function
tests due to a poor patient effort and was removed from the
study. Thus, 110 patients were analyzed. Among these 110
patients, the spirometric results were classified as follows:
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Table 1. Characteristics of Patients with Pos-
sible COPD.
Age,y 68.5+0.8
Male (%) 91 (82.0)
BMI, kg/m? 24.8+0.3
Smoking status, current/ex/never, n 40/53/18
Smoking history, pack-years 35.7£2.8
Spirometry*
FEV,,L 2.43+0.16
%FEV1, % 87.5£1.7
FVC, L 3.23+0.07
Number of underlying conditions 1.8+0.1
Comorbid conditions
Hypertension 90 (81.0)
Hyperlipidemia 31(27.9)
Diabetes 19 (17.1)
Insomnia 11 (9.9
Gastric ulcer or GERD 9(8.1)
Arrhythmia 6(5.4)
Ischemic heart disease 4 (3.6)
Depression 3(2.7)
Cerebrovascular disease 327
Osteoporosis 2(1.8)
Others¥ 2(1.8)
COPD-PS >4 89 (80.2)
Possible airflow obstruction: 34 (30.6)

Data are shown as mean+SD or number (%).

*One patient could not perform pulmonary function tests
due to cognitive impairment. ¥ One patient suffering from
gout, and one patient with allergic rhinitis. & Possible air-
flow obstruction was defined as FEV1/FEV ratio <0.75
using a handheld spirometric device.

BMI: body mass index, COPD-PS: COPD-population
screener, GERD: gastroesophageal reflex, FEV: forced
expiratory volume in one second, FEVe: forced expiratory
volume in six seconds, FVC: forced vital capacity, SD:
standard deviation

normal, 64 patients (58.2%); restrictive pattern, 3 patients
(2.7%); and obstructive pattern, 43 patients (39.1%). Among
the 43 patients with an obstructive pattern, 27 patients
(24.5%) were newly diagnosed with COPD. The final diag-
noses of these patients are shown in Table 2.

The patients who were newly diagnosed with COPD
(male, n=26; female, n=1) had a mean age of 73.3x1.0
years. The mean FEV, was 1.88+0.11 L and the mean pre-
dicted value of FEV, was 72.8+3.4%. The severity was clas-
sified as follows: GOLD 1, n=10; GOLD 2, n=16; and
GOLD 3, n=1. When current smokers were diagnosed with
COPD (40.7%), it was strongly suggested that they quit
smoking; 13 patients (48.1%) were treated with long-acting
bronchodilators. One patient was diagnosed with coexisting
lung cancer and underwent surgery following bronchodilator
treatment.

The comparisons of patients with COPD (n=27) and the
patients without lung disease who presented normal spi-
rometric and chest radiography findings (n=46) are shown in
Table 3. The patients with COPD were older (p=0.002), had

Table 2. Final Diagnosis of Patients with Pos-

sible COPD.
Spirometric results and diagnosis Number (%)
Normal spirometry
No lung disease 46 (40.9)
Chronic bronchitis without COPD 9(8.2)
Emphysema without COPD 7(6.4)
Sarcoidosis 1(0.9)
Old tuberculosis 1(0.9)
Obstructive pattern
COPD 27 (24.5)
No lung disease* 9(8.2)
Emphysema without COPD 2(1.8)
Old tuberculosis 1(0.9)
Chronic bronchitis without COPD 1(0.9)
Asthma 1(0.9)
Old pneumonia 1(0.9)
Bronchiectasis without COPD 1(0.9)
Restrictive pattern
Chronic bronchitis without COPD 1(0.9)
0Old tuberculosis 1(0.9)
Obesity 1(0.9)

Data are shown as number (%).
* These patients showed post-bronchodilator FEV /FVC>0.7

and normal image in chest radiograph.

lower BMI values (p=0.016) and a longer smoking history
(p<0.001). Patients with COPD also had more comorbid
conditions (p=0.020); however, the incidence of cardiovascu-
lar disease (arrhythmia and ischemic heart disease), gastric
ulcer or GERD, depression, and osteoporosis in the two
groups did not differ to a statistically significant extent.

The diagnosis of COPD was significantly associated with
a high COPD-PS score and possible airflow limitation by
the handheld spirometric device (p<0.001 and p=0.001, re-
spectively).

The ROC curve analysis demonstrated that a score of 5
points was the best COPD-PS cut-off value [area under the
curve (AUC), 0.71; 95% confidence interval (CI), 0.59-0.83]
for diagnosing COPD. The sensitivity and specificity of a
score of 5 points for the diagnosis of COPD were 63.0%
and 67.9%, respectively. A COPD score of >5 was associ-
ated with a diagnosis of COPD (p=0.011), while a COPD
score of >4 was not (Table 3). The sensitivity and specificity
of possible airflow limitation (evaluated using a handheld
spirometric device) were 51.9% and 73.0%, respectively.
The combination of both tools showed 40.7% sensitivity and
96.4% specificity. The positive predictive value and negative
predictive value were 78.6% and 83.5%, respectively. The
likelihood ratio for a positive finding (LR+) was 11.4 (95%
CI, 3.4-37.9), and the likelihood ratio for a negative finding
(LR-) was 0.62 (95% CI, 0.45-0.84).

Discussion

An early detection program for COPD using the COPD-
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Table 3. Comparison with Patients with COPD and without Lung Disease
who Presented Normal Spirometric Findings and Normal Chest Radiography.

COPD No lung disease

(n=27) (n=46) p value
Age,y 73.3x1.0 67.2+1.3 0.002%%*
Male 25 (92.6) 35 (76.1) 0.077
BMI, kg/m? 23.5+0.6 25.5+0.5 0.016*
Smoking status, current/ex/never, n 11/1472 27/9/10 0.827
Smoking history, pack-years 56.0+5.5 24.6+3.5 <0.0017%**
Spirometry
FEV,,L 1.88+0.11 2.43+0.08 <0.001%#**
%FEV1, % 72.8+3.4 94.4+2.2 <0.001%#%**
FVC,L 3.29+0.16 3.22+0.11 0.712
Number of comorbid conditions 2.1+0.2 1.5+0.1 0.020*
Comorbid conditions
Hypertension 24 (88.9) 36 (78.2) 0.206
Hyperlipidemia 6(22.2) 11 (23.9) 0.573
Diabetes 8(29.6) 2 (4.3) 0.004#
Insomnia 5(18.5) 3(6.5) 0.117
Gastric ulcer or GERD 3(11.1) 3(6.5) 0.391
Arrhythmia 2(7.4) 4(8.7) 0.609
Ischemic heart disease 1(3.7) 0(0) 0.370
Depression 0(0) 3(6.5) 0.244
Cerebrovascular disease 2(7.4) 1(2.2) 0.307
Osteoporosis 0(0) 12.2) 0.630
COPD-PS Score 5.4+0.4 4.0+£0.2 <0.0071%#%**
COPD-PS >4 25 (92.6) 35 (76.1) 0.068
COPD-PS 25 17 (63.0) 15 (32.6) 0.011*
Possible airflow obstructiont 14 (51.9) 7(15.2) 0.001%*

Data are shown as mean=SD or number (%).
#p<0.05, **p<0.01, and ***p<0.001.

p value less than 0.05 considered as significant;

T Possible airflow obstruction was defined as FEV1/FEVg ratio <0.75 using a handheld spiromet-

ric device.

BMI: body mass index, COPD-PS: COPD-population screener, GERD: gastroesophageal reflex,
FEV: forced expiratory volume in one second, FEVe: forced expiratory volume in six seconds,

FVC: forced vital capacity, SD: standard deviation

PS plus a handheld spirometric device successfully identi-
fied COPD patients in the present study. The use of these
tools could facilitate the early detection of undiagnosed
COPD (LR+, 11.4; LR-, 0.6).

COPD is a treatable and preventive disease, however,
many COPD patients who attend their primary care clinics
to undergo treatment for comorbidities remain undiagnosed
or underdiagnosed, and therefore untreated. Previous studies
have reported that the prevalence of COPD in the Japanese
general population is between 3.4 and 8.5% (5, 16). Taka-
hashi et al. found that approximately 20% of outpatients,
who underwent treatment for other diseases, had COPD that
was confirmed by spirometry in a primary care setting (17).
The use of a questionnaire with a handheld spirometric de-
vice may be useful for the early detection of COPD in pa-
tients with risk factors in the Japanese primary care setting.

To date, several screening questionnaires have been devel-
oped for patients with a high risk of COPD (6, 8, 9, 18-20).
The questionnaire of the International Primary Care Airway
Group (IPAG) has been reported to be useful for the diagno-

sis of COPD (18-20) and is described in the COPD guide-
lines of the Japanese Respiratory Society (21). Although the
sensitivity of the questionnaire was reported to be adequate,
the specificity in the Japanese population was not suffi-
cient (18). Thus, this study used the COPD-PS, which is a
brief 5-item questionnaire. With a cut-off value of >4, the
COPD-PS 67% sensitivity and 73% specificity in the gen-
eral population in Japan (9). The results of this study
showed that a COPD-PS score of 25 was associated with the
diagnosis of COPD in the primary care setting, but that a
score of >4 was not. The ROC curve analysis demonstrated
that the score of 5 points was the best COPD-PS cut-off
value for diagnosing COPD. Our observations suggest that a
cut-off value of 25 is appropriate for identifying patients in
the Japanese primary care setting.

The FEV/FEV, ratio was closely correlated with airflow
limitation, as measured by spirometry (10, 11) and a hand-
held spirometric device has been used to identify patients
with undiagnosed airflow limitations in previous stud-
ies (12, 13). The findings of the present study are in agree-
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ment with the results of these studies.

Recently, the US Preventive Services Task Force reported
that screening for COPD was not recommended for asymp-
tomatic adults, because no studies have assessed the effects
of the screening of asymptomatic adults for COPD on mor-
bidity, mortality, or health-related quality of life (22). In ad-
dition, the diagnostic yield of newly diagnosed COPD using
the COPD-PS with a handheld spirometric device was poor
in the US primary care setting (23). The cost-effectiveness
of analyzing active case-findings in cases of COPD should
be investigated in Japan.

We propose that primary care physicians pursue the case-
findings to detect possible COPD in patients with a history
of smoking and in whom the presence of breathlessness or
activity limitation is confirmed and that they then refer the
patients to pulmonary specialists. In a preliminary study, we
found that both the breathlessness component and the activ-
ity limitation component of COPD-PS were inversely corre-
lated with airflow limitation, while the components of pro-
ductive cough, smoking history, and age had no correlation
with airflow limitation in patients with already diagnosed
COPD (SK and MY, unpublished data).

Our observations support the view that patients with
COPD had more comorbid conditions. However, the pres-
ence of underlying conditions, which are considered as
comorbidities of COPD (such as cardiovascular disease,
GERD, depression, and osteoporosis) did not differ to a sta-
tistically significant different from patients without COPD. It
should be recommended that patients with possible COPD
undergo further examinations, regardless of their underlying
conditions.

The present study is associated with some limitations.
First, approximately 60% of the patients (163/274) with pos-
sible COPD declined the referral to a respiratory specialist.
Thus, we did not evaluate the sensitivity or specificity of the
use of the COPD-PS with a handheld spirometric device in
the diagnosis of COPD, nor did we determine the additive
benefit of this combination.

In conclusion, the use of COPD-PS plus a handheld spi-
rometric device was therefore found to facilitate the early
detection of undiagnosed COPD in the primary care setting.

This work was performed at the Japanese Red Cross Ishi-
nomaki Hospital, Ishinomaki, Japan.
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