
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

Ikeda BMC Pulmonary Medicine          (2025) 25:239 
https://doi.org/10.1186/s12890-025-03708-8

was approximately 5% of the total number of patients 
[1, 2]. Despite the Japanese government’s health policy 
to increase COPD awareness in 2012 [3], the awareness 
rate in 2020 was only 28% [4], which was far from the 
target. Meanwhile, Japanese patients with COPD have 
become older during this period, and deaths associated 
with COPD in the < 60-year-old age group have begun to 
decline [5]. This suggests that patients with COPD can 
live a long life in Japan if they do not die from comorbidi-
ties [5].

For more than 20 years, worldwide educational activi-
ties have focused on the early detection of COPD [6]. In 
this context, the COPD Questionnaire Study Group [7], 

Introduction
The prevalence of chronic obstructive pulmonary dis-
ease (COPD) in the Japanese population was estimated 
at 8.6% in a survey conducted in 2000 [1], and the inci-
dence rate was 8.1 per 1000 person-years in men and 3.1 
per 1000 person-years in women from 1997 to 2005 [2]. 
The number of patients diagnosed and treated for COPD 
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Abstract
Peak expiratory flow (PEF) measurement is useful for detecting moderate and severe chronic obstructive 
pulmonary disease (COPD). We aimed to validate its combined effectiveness with a questionnaire and to determine 
appropriate cutoff values in Japan. Outpatients aged ≥ 60 years with a smoking index ≥ 400 cigarette-years receiving 
non-respiratory treatment and patients with COPD receiving regular treatment underwent PEF measurements and 
pulmonary function tests. Receiver operating characteristic (ROC) curves were created to differentiate between the 
percentage forced expiratory volume in 1 s (%FEV1) values above or below 80%, based on PEF values normalized 
by height (method A) and height squared (method B). Of 98 patients, COPD was confirmed in 15 (15.3%). The 
reference values used to estimate %FEV1 < 80% derived from the ROC curve were 2.40 and 1.37 for methods A and 
B, respectively. Both methods had a high area under the ROC curve (0.92) (p < 0.001). The number of suspected 
COPD (sCOPD) cases was narrowed down from 98 to 33 and 27 using methods A and B, respectively. The 
combination of the COPD questionnaire and peak flow meter can effectively differentiate severe from the more 
severe half of moderate COPD from sCOPD cases and improve diagnosis of asymptomatic COPD cases that may 
require medication prescription by general practitioners.
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the International Primary Care Airways Group [8], and 
the Chronic Obstructive Pulmonary Disease–Popula-
tion Screener (COPD-PS) [9] questionnaires have been 
proposed as simple screening tools for COPD. How-
ever, as the reference values in these questionnaires are 
not appropriate for the Japanese population, a question-
naire customized for Japanese patients (COPD-Q) was 
developed [10]. Similar to the COPD-PS, the COPD-Q 
is composed of five questions. Screening for COPD with 
these questionnaires requires confirmation by pulmo-
nary function tests [11]. In addition, in real-world clinical 
practice, particularly among non-respiratory specialists, 
pulmonary function tests necessary for COPD diagnosis 
are not always performed [11, 12], which is believed to be 
one of the reasons for the lack of advancements in early 
COPD diagnosis.

Screening for asymptomatic mild to moderate COPD 
(Global Initiative for Chronic Obstructive Lung Disease 
[GOLD] grades 1 and 2 [6]) has been reported to contrib-
ute minimally to improving quality of life, complications, 
or mortality [13]. However, the existence of patients with 
moderate or severe COPD without subjective symptoms 
has been observed in Japanese surveys [14, 15], and cases 
of undiagnosed moderate or severe COPD that interfere 
with the treatment of comorbidities may be encountered. 
Therefore, detecting patients with moderate and severe 
COPD who have no subjective symptoms to initiate treat-
ment is urgently needed in real-world clinical practice.

Furthermore, many patients with undiagnosed COPD 
who regularly visit clinics receive medical treatment 
from physicians other than respiratory specialists [16]. 
As such, a pulmonary function measurement method 
that can be easily performed by non-respiratory special-
ists is necessary to detect patients with COPD who have 
no subjective symptoms. In recent years, the use of peak 
expiratory flow (PEF) has been investigated as a simple 
COPD detection method in real-world clinical practice 
[17, 18, 19]. PEF alone has been reported to offer excel-
lent utility in detecting moderate and severe COPD [17, 
18] while also being cost-effective [18]. However, to date, 
no reports have validated the detection of COPD by PEF 
measurement in Japanese patients.

Therefore, we aimed to investigate the effectiveness of 
combining PEF measurement with a COPD question-
naire in detecting moderate and severe COPD, especially 
severe COPD, in Japanese patients and to determine the 
appropriate cutoff value of PEF for this population.

Methods
Patients and procedure
From April 2020, all outpatients who visited Sanyudo 
Hospital were screened for cough, sputum, shortness 
of breath, and other respiratory symptoms as a precau-
tion against coronavirus disease 2019. Data from these 

screenings were used to answer the symptom questions 
in COPD-PS and COPD-Q. Therefore, screening for age 
and smoking history was added to complete the COPD 
questionnaire. Figure 1 shows the flowchart for selecting 
participants.

In both COPD-PS and COPD-Q, a smoking index ≥ 400 
(≥ 20 pack-years) equals 2 points, and age ≥ 60 years 
equals 2 points, for a total score of 4 points, which quali-
fies for COPD suspicion. This study utilized COPD-Q 
[10]. As a result of these screenings, the symptom score 
was zero; only smoking history and age contributed to the 
score. Thus, all participants aged ≥ 60 years with a smok-
ing index ≥ 400 were assigned to the group suspected 
of having COPD (sCOPD). Participants in this group 
underwent spirometry and PEF tests. The spirometry test 
identified patients with unrecognized COPD, who were 
then included in the COPD group for receiver operating 
characteristic (ROC) curve analysis. COPD was diag-
nosed as a forced expiratory volume in 1  s/forced vital 
capacity (FEV1/FVC x 100 = FEV1%) < 70% [4, 5].

In addition, patients with COPD who regularly visited 
the Department of Respiratory Medicine at Sanyudo 
Hospital were recruited and assigned to the COPD 
group. The diagnosis of COPD was confirmed from med-
ical records in accordance with the Japanese Respiratory 
Society’s COPD Guideline, 6th edition [5]. These patients 
underwent spirometry and PEF measurement again. Sub-
sequently, the sCOPD and COPD groups were included 
in the ROC analysis. Using the normalized PEF values, 
ROC curves were created to differentiate between %FEV1 
values above or below 80%, which is the cutoff value 
between mild and moderate COPD [5, 7].

Sorting of sCOPD with ROC
Among participants in the sCOPD group, those with 
FEV1% ≥70% were allocated to the smoker-without-
COPD (non-COPD smoker) group, and the rest were 
allocated to the unrecognized COPD group. Participants 
in the sCOPD group were then sorted using the reference 
value obtained from ROC analysis (Fig. 1).

Equipment and method
A Mini-Wright® (ATS scale; Clement Clarke Interna-
tional) was used to measure PEF, and a CHESTGRAPH 
HI-105® (Chest Corporation) was used to test pulmonary 
function. The predicted FEV1 value was obtained using 
the normal prediction formula of the Japanese Respira-
tory Society ([FEV1 (L)] = 0.036x[height (cm)]-0.028x[age 
(years)]-1.178) [20]. The percentage of predicted FEV1 
(%FEV1) was obtained for each participant.

Surveys were conducted from May 2023 to October 
2023. Patients with a history of lung cancer treatment, 
pulmonary mycobacteriosis, or asthma were excluded 
from both the COPD and sCOPD groups.
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Statistical analysis
ROC curves were created, and detectability for the two 
normalizing methods was compared using Bell Curve 
for Excel® (Social Survey Research Information Co., 
Ltd.). Between-group comparisons were made using the 
Mann–Whitney U test. Changes in the COPD detec-
tion rate after adding the peak-flow meter were analyzed 
using the chi-square test.

Ethical considerations
This study was approved by the Ethics Committee of 
Sanyudo Hospital (approval no. 2023-0426-2; April 26, 
2023) and performed in accordance with the Declaration 
of Helsinki and the Ethical Guidelines for Medical and 
Health Research Involving Human Subjects [21] issued 
by the Ministry of Health, Labour and Welfare. Written 
informed consent was obtained from all patients prior to 
testing.

Results
The average number of targeted participants who were 
≥ 60 years old and not taking any respiratory medication 
was 1045 per month. The cardiology, gastroenterology, 
and diabetes departments, along with pulmonology, were 
the main clinical departments at Sanyudo Hospital. Some 
patients attended multiple departments, resulting in 
duplicated counts across departments. Patients ≥ 60 years 
old constituted 80.1% of the total outpatients in these 
departments. Figure 1 shows the flowchart for the extrac-
tion of unrecognized COPD and smoker-without-COPD.

Additional surveys regarding smoking habits were con-
ducted on 540 patients who provided informed consent 
(excluding those in the acute or subacute stages of the 
disease), 227 of whom had a smoking index ≥ 400 ciga-
rette-years and were ≥ 60 years old. Only 21 participants 
were female; thus, the survey was restricted to male par-
ticipants (206). Pulmonary function tests were performed 
on 98 participants (sCOPD group). Of these, 15 partici-
pants with obstructive disorders (FEV1% [FEV1/FVC x 
100] < 70%) were transferred to the COPD group, while 

Fig. 1  Flowchart for the extraction of unrecognized COPD and smoker-without-COPD (non-COPD smoker) cases from suspected COPD (sCOPD) cases 
who visited the hospital for non-respiratory treatment, and the sorting of sCOPD cases (within the square with broken lines). Gray arrows indicate COPD 
and non-COPD identification using the spirometry test. Closed arrows indicate discrimination using the reference value
Abbreviations: COPD, chronic obstructive pulmonary disease; PEF, peak expiratory flow
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the remaining 83 were included in the smoker-without-
COPD group (gray arrow). These 15 patients with FEV1% 
<70% who frequently visited the hospital were consid-
ered to have undetected COPD [22, 23]. Their dyspnea 
severity was grade 0 according to the modified Medical 

Research Council classification [24]. Table  1 shows the 
distribution of airflow obstruction severity in the 15 
patients with COPD screened from the sCOPD group.

Meanwhile, the average number of outpatients for pul-
monary medicine was 532 per month, and 106 had symp-
tomatic COPD. Sixty-four male patients with COPD 
underwent pulmonary function tests and PEF measure-
ment. Therefore, 79 participants were allocated to the 
COPD group, including the 15 patients with COPD from 
the sCOPD group. The mean age of the smoker-without-
COPD and COPD groups was 71.0 ± 8.4 and 75.1 ± 7.2 
years, respectively, with the COPD group being signifi-
cantly older (p = 0.001). The smoking index was 793 ± 463 
and 1020 ± 528, respectively, and was significantly higher 
in the COPD group (p < 0.001). Patients in the COPD 
group were classified according to the staging of airflow 
obstruction [25] (Table 2). Those in the smoker-without-
COPD group were also classified by FEV1 relative to the 
reference value (%FEV1) (Table 3).

From the PEF values normalized by height (PEF/Ht) 
(method A) and height squared (PEF/Ht2 × 100) (method 
B), ROC curves (Fig. 2) were created for each condition 
to discriminate between %FEV1 values above or below 
80%, which is the cutoff value between mild and moder-
ate COPD [5, 7]. A previous report [18] used method B 
for normalization. However, the calculation formula for 
the standard value of FEV1 shows a first-order correla-
tion with height and age in the Japanese population [20]. 
Thus, method A was employed for normalization in addi-
tion to method B. The units for PEF and height were liters 
per minute and centimeters, respectively. ROC analy-
sis was performed for 161 participants, combining the 
smoker-without-COPD and COPD groups. ROC analysis 
showed that both methods (A and B) had an AUC > 0.9, 
indicating high detectability (p < 0.001), with the respec-
tive AUCs almost overlapping (Table  4). No significant 
difference was observed in detectability between the two 
AUCs (p = 0.611; Table  4). The reference values deter-
mined from ROC analysis were 2.40 and 1.37 for meth-
ods A and B, respectively. The sensitivity and specificity 
for detecting %FEV1 < 80 at these reference values are 
shown in Table 4.

Figure 1 shows the discrimination of sCOPD using 
the reference values 2.40 and 1.37, which were derived 

Table 1  Distribution of %FEV1 in patients with COPD diagnosed 
from suspected COPD

Range for %FEV1

40–49% 50–59% 60–69% 70–79% ≥80%
Number 1 2 4 6 2
Abbreviations: %FEV1, forced expiratory volume in 1 second relative to the 
reference value; 367 COPD, chronic obstructive pulmonary disease

Table 2  Distribution of airflow obstruction severity in the COPD 
group

Severity of airway obstruction
GOLD 
4 (very 
severe)

GOLD 3 
(severe)

GOLD 2 
(moderate)

GOLD 
1 
(mild)

Number 11 23 36 9
Notes: Severity: GOLD 4, %FEV1 < 30%; GOLD 3, 30%≤%FEV1 < 50%; GOLD 2, 
50%≤%FEV1 < 80%; GOLD 1, %FEV1 ≥80%

Abbreviations: COPD, chronic obstructive pulmonary disease; %FEV1, forced 
expiratory volume 375 in 1 second relative to the reference value

Table 3  Distribution of %FEV1 in the smoker-without-COPD 
group

50%≤%FEV1 < 80% 80%≤%FEV1

Number 18 65
Abbreviations: %FEV1, forced expiratory volume in 1 second relative to the 
reference value; 381 COPD, chronic obstructive pulmonary disease

Table 4  Results from the ROC curve analysis for discriminating 
%FEV1 < 80%

AUC p Value Refer-
ence 
value

Sensitiv-
ity (%)

Spec-
ificity 
(%)

PEF/Ht 0.9203 < 0.001 2.40 84.6 84.5
PEF/Ht2 × 100 0.9178 < 0.001 1.37 88.0 81.0
Abbreviations: ROC, receiver operating characteristic; %FEV1, forced 
expiratory volume in 1 387 second relative to the reference value; AUC, area 
under the curve; PEF, peak expiratory flow; Ht, 388 height

Fig. 2  ROC curve analysis for discriminating %FEV1 < 80% by PEF/Ht or 
PEF/Ht2

Abbreviations: ROC, receiver operating characteristic; %FEV1, forced expi-
ratory volume in 1 s relative to reference value; PEF, peak expiratory flow; 
Ht, height
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from the ROC analysis of methods A and B, respectively. 
Table 5 shows changes in the number of targeted partici-
pants using methods A or B. The number of participants 
in the sCOPD group decreased from the initial 98 to 33 
(33.7%) and 27 (27.6%) when combined with methods 
A and B, respectively (gray arrow). Since ROC curves 
were created for each condition to differentiate between 
%FEV1 values above or below 80%, there was leakage 
in COPD detection from the sCOPD group: 4 using 
method A and 5 using method B (Table  5). The lowest 
%FEV1 value among these missed cases was 66.3%. When 
these reference values were applied to the COPD group 
(Table  6), 4 patients for method A and 6 patients for 
method B among the 70 patients with %FEV1 < 80% had 
a missed diagnosis (false negatives). However, the lowest 
%FEV1 for these missed COPD cases was 67.5%. There-
fore, cases of severe and very severe COPD, as well as the 
more severe half of moderate COPD (50≤%FEV1 < 65), 
were detected in both the COPD and sCOPD groups 
without exception.

Discussion
The spirometry test revealed that only 15.3% of the 98 
participants who were sCOPD based on the question-
naire alone actually had COPD (detection rate = 15.3%). 
Combining the normalized height (method A) and nor-
malized height squared (method B) criteria with the 
questionnaire narrowed down the number of sCOPD 
cases from 98 to 33 (33.6%) and 27 (27.6%), respectively. 
In addition, after applying the two methods, the number 
of detected COPD cases among sCOPD cases changed 
from 15 to 11 and 10, respectively (Table 5). Notably, the 
lowest %FEV1 value for leaked COPD was 66.3%, and the 
lowest %FEV1 for symptomatic COPD with PEF below 
these reference values was 67.5%. All very severe, severe, 
and the more severe half of moderate COPD cases 
(50≤%FEV1 < 65) could be classified within the COPD 
group (Table 6). Therefore, adding the peak flow meter to 
the COPD questionnaire can decrease the number of sus-
pected COPD cases without missing very severe, severe, 
and the more severe half of moderate COPD cases. In 
clinical practice, screening for asymptomatic mild to 
moderate COPD contributes minimally to improving 
quality of life, complications, or mortality [13]. How-
ever, some asymptomatic moderate and severe COPD 
cases require urgent treatment initiation. Thus, adding 
the peak flow meter to the COPD questionnaire may be 
an effective case-finding approach for detecting asymp-
tomatic patients with COPD who require immediate 
treatment in primary care. We consider that all the target 
cases remaining after sorting out require strong smoking 
cessation advice and do not need immediate spirometry 
testing. However, determining the most epidemiologi-
cally effective reference value remains a future challenge.

A previous study suggested that a PEF < 80% predicted 
more than 90% of COPD cases, including moderate and 
severe cases [26]. Currently, no standard value exists 
for mechanical PEF in Japanese patients. Therefore, two 
methods were employed for normalization in this study. 
ROC curves were then created to discriminate between 
mild COPD (GOLD grade 1) and more severe COPD 
(GOLD grades 2, 3, and 4). No differences were observed 
in detection ability between the two normalization meth-
ods. A previous study in a Japanese population reported 
AUCs of 0.796, 0.747, and 0.775 for COPD-Q, COPD-PS, 
and IPG, respectively [10]. Another study reported an 
AUC of 0.82, sensitivity of 90%, and specificity of 50% for 
the detection of FEV1% <70 [26]. Our study showed bet-
ter results, with an AUC of 0.92, sensitivity of 84.6–88.0, 
and specificity of 81.0–84.5. The reference value of 1.37 
becomes 2.28 when the unit L/min/cm2 × 100 is con-
verted to the unit L/s/m2, according to a previous study 
[18]. This value exceeds the reference value of 1.8 used 
to detect moderate COPD (GOLD grade 2) in another 
study [18]. This difference highlights the necessity of 
race adjustment in pulmonary function tests for COPD 
diagnosis [27]. Further validation and comparison of PEF 
normalization methods in Japanese patients are needed.

In this study, patients attending the hospital for non-
respiratory diseases (mainly cardiology, gastroenterol-
ogy, and diabetes) were recruited. In Japan, these are the 
main diseases that commonly present as comorbidities of 
COPD [23]. The choice of patients in this study is in line 
with real-world clinical practice [28]. It is also expected 
that the ratio of undiagnosed COPD cases in general 
practitioner (GP) outpatient clinics will be as high as that 

Table 5  Number of suspected COPD cases and true COPD with 
the spirometry test

Questionnaire 
alone

With method A With 
method 
B

Suspected COPD 98 33 27
Non-COPD 83 (84.7%) 22 (66.7%) 17 (63.0%)
COPD 15 (15.3%) 11 (33.3%) 10 (37.0%)
Leaked COPD 4 5
Abbreviations: COPD, chronic obstructive pulmonary disease; COPD-Q, COPD 
questionnaire; 394 FEV, forced expiratory volume; GOLD, Global Initiative for 
Chronic Obstructive Lung Disease; 395 GP, general practitioner; PEF, peak 
expiratory flow; ROC, receiver operating characteristic

Table 6  Accuracy of COPD classification using methods A and B
Diag-
nosed with 
spirometry

With method 
A

With 
method B

True False True False
Mild COPD 9 6 3 6 3
Moderate COPD 36 32 4 30 6
Severe COPD 23 23 0 23 0
Very severe COPD 11 11 0 11 0
Abbreviations: COPD, chronic obstructive pulmonary disease
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in the present study. Meanwhile, the spirometry test was 
actively performed by only 27% of GPs in northeastern 
Japan [29]. The initial costs of new purchases and techni-
cal training are significant barriers to the widespread use 
of spirometry by GPs in Japan and other countries [29, 
30]. Moreover, the COPD diagnosis rate in clinical set-
tings is extremely low in Japan [31]. Thus, the Japanese 
Respiratory Society proposed the COPD questionnaire 
for screening in GP settings [5]. After COPD screening 
with the questionnaire, GPs should refer patients sus-
pected of having COPD to a pulmonologist [5]. However, 
the ability to perform spirometry tests remains limited in 
hospital pulmonology departments. In such a situation, 
narrowing down patients suspected of COPD is needed. 
This study revealed that GPs can effectively identify 
asymptomatic severe and the more severe half of mod-
erate COPD using a peak flow meter without having to 
resort to spirometry tests. A GP’s recommendation for 
patients to stop smoking is the first treatment for mild 
asymptomatic COPD before medication [5].

This study is the first investigation focusing on the use 
of peak flow meters for detecting COPD in Japan. Out-
side Japan, a peak flow meter combined with a question-
naire and mini-spirometer has helped detect asthma and 
COPD in real-life clinical practice [19].

This study had some limitations. It was conducted at a 
single facility in a small regional city; therefore, verifying 
the results in larger populations with variations in cli-
mate and lifestyle is essential to obtain appropriate ref-
erence values. The prevalence of tobacco consumption 
among males and females is reported as 25.4% and 7.7%, 
respectively [32], making data collection from female 
patients more difficult in Japan. Multi-center studies are 
necessary to determine appropriate cutoff values for both 
male and female patients. Considering the availability of 
several mechanical instruments for PEF measurement, 
the compatibility of values from different instruments 
may need to be verified. Awareness of COPD in non-
smokers [33, 34] has increased in recent years, and these 
cases should be evaluated in future studies.

Conclusion
The reference values for detecting %FEV1 < 80% with 
normalized PEFs divided by height or height squared 
were 2.40 and 1.37, respectively. The combination of the 
COPD questionnaire and peak flow meter effectively dif-
ferentiated severe and the more severe half of moderate 
COPD from sCOPD and improved clinical efficiency in 
detecting asymptomatic COPD cases that may require 
medication prescription by GPs.

Acknowledgements
I would like to thank Mizuho Kanno for outpatient management. I also thank 
Editage (https://www.editage.jp) for English language editing.

Author contributions
Hideki Ikeda conceptualized the design of the study, acquired and analyzed 
data, and wrote the manuscript.

Funding
This study received no funding.

Data availability
All data generated in this study are available from the corresponding author 
on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Sanyudo Hospital 
(approval no. 2023-0426-2; April 26, 2023).
Clinical trial number: Not applicable.
Written informed consent was obtained from all patients prior to the test.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 1 October 2024 / Accepted: 7 May 2025

References
1.	 Fukuchi Y, et al. COPD in Japan: the Nippon COPD epidemiology study. 

Respirology. 2004;9:458–65. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​.​1​4​​4​0​-​​1​8​4​3​​.​2​​0​0​4​.​0​0​6​3​7​.​x
2.	 Kojima S, et al. Incidence of chronic obstructive pulmonary disease, and the 

relationship between age and smoking in a Japanese population. J Epide-
miol. 2007;17:54–60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​8​8​​/​j​​e​a​.​1​7​.​5​4

3.	 Ministry of Health, Labour and Welfare of Japan. Notification No. 430 of the 
Ministry of Health, Labour and Welfare. 2021. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​m​​h​l​w​​.​g​o​​.​j​p​/​​f​i​​l​e​/​​0​6​
-​​S​e​i​s​​a​k​​u​j​o​​u​h​o​​u​-​1​0​​9​0​​0​0​0​​0​-​K​​e​n​k​o​​u​k​​y​o​k​u​/​0​0​0​0​0​4​7​3​3​0​.​p​d​f

4.	 Global Initiative for Chronic Obstructive Lung Disease (GOLD). Result from 
the survey of awareness about COPD. 2023. ​h​t​t​p​​:​/​/​​w​w​w​.​​g​o​​l​d​-​​j​a​c​​.​j​p​/​​c​o​​p​d​_​​f​a​c​​
t​s​_​i​​n​_​​j​a​p​​a​n​/​​c​o​p​d​​_​d​​e​g​r​​e​e​_​​o​f​_​r​​e​c​​o​g​n​i​t​i​o​n​.​h​t​m​l

5.	 The JRS Guideline for the. Management of chronic obstructive pulmonary 
disease. 6th ed. Medical Review Co.; 2022.

6.	 Global Initiative for Chronic Obstructive Lung Disease (GOLD). GOLD 2023 
Report. 2023. ​h​t​t​p​​s​:​/​​/​g​o​l​​d​c​​o​p​d​​.​o​r​​g​/​w​p​​-​c​​o​n​t​​e​n​t​​/​u​p​l​​o​a​​d​s​/​​2​0​2​​3​/​0​3​​/​G​​O​L​D​​-​2​0​​2​
3​-​v​​e​r​​-​1​.​3​-​1​7​F​e​b​2​0​2​3​_​W​M​V​.​p​d​f

7.	 Price DB, Tinkelman DG, Nordyke RJ, Isonaka S, Halbert RJ, COPD Question-
naire Study Group. Scoring system and clinical application of COPD diagnos-
tic questionnaires. Chest. 2006;129:1531–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​8​​/​c​​h​e​s​t​.​1​2​9​
.​6​.​1​5​3​1

8.	 Martinez FJ et al. Development and initial validation of a self-scored COPD 
Population Screener Questionnaire (COPD-PS). COPD. 2008;5:85–95. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​5​4​1​2​5​5​0​8​0​1​9​4​0​7​2​1

9.	 Sichletidis L, et al. A combination of the IPAG questionnaire and PiKo-6® flow 
meter is a valuable screening tool for COPD in the primary care setting. Prim 
Care Respir J. 2011;20:184–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​1​0​4​​/​p​​c​r​j​.​2​0​1​1​.​0​0​0​3​8

10.	 Samukawa T, et al. Development of a self-scored persistent airflow obstruc-
tion screening questionnaire in a general Japanese population: the Hisayama 
study. Int J Chron Obstruct Pulmon Dis. 2017;12:1469–81. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​
1​4​7​​/​C​​O​P​D​.​S​1​3​0​4​5​3

11.	 Ruppel GL, Carlin BW, Hart M, Doherty DE. Office spirometry in primary care 
for the diagnosis and management of COPD: National lung health education 
program update. Respir Care. 2018;63:242–52. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​1​8​7​​/​r​​e​s​p​c​a​
r​e​.​0​5​7​1​0

12.	 Hashimoto S, et al. Real-world status of medical care and treatment of 
chronic obstructive pulmonary disease by respiratory specialists in Japan. 
Adv Ther. 2022;39:4509–21. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​2​3​2​5​-​0​2​2​-​0​2​1​6​7​-​5

13.	 Webber EM, Lin JS, Thomas RG. Screening for chronic obstructive pulmo-
nary disease: updated evidence report and systematic review for the US 

https://www.editage.jp
https://doi.org/10.1111/j.1440-1843.2004.00637.x
https://doi.org/10.2188/jea.17.54
https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000047330.pdf
https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000047330.pdf
http://www.gold-jac.jp/copd_facts_in_japan/copd_degree_of_recognition.html
http://www.gold-jac.jp/copd_facts_in_japan/copd_degree_of_recognition.html
https://goldcopd.org/wp-content/uploads/2023/03/GOLD-2023-ver-1.3-17Feb2023_WMV.pdf
https://goldcopd.org/wp-content/uploads/2023/03/GOLD-2023-ver-1.3-17Feb2023_WMV.pdf
https://doi.org/10.1378/chest.129.6.1531
https://doi.org/10.1378/chest.129.6.1531
https://doi.org/10.1080/15412550801940721
https://doi.org/10.1080/15412550801940721
https://doi.org/10.4104/pcrj.2011.00038
https://doi.org/10.2147/COPD.S130453
https://doi.org/10.2147/COPD.S130453
https://doi.org/10.4187/respcare.05710
https://doi.org/10.4187/respcare.05710
https://doi.org/10.1007/s12325-022-02167-5


Page 7 of 7Ikeda BMC Pulmonary Medicine          (2025) 25:239 

preventive services task force. JAMA. 2022;327:1812–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​
1​​/​j​​a​m​a​.​2​0​2​2​.​4​7​0​8

14.	 Ichinose M, Fukuchi Y, Hasegawa S. [Survey of subjective symptoms and 
the actual condition of patients receiving treatment for chronic obstructive 
pulmonary disease in Japan]. Respir Res. 2014;33:813–23. (in Japanese).

15.	 Ohbayashi H, et al. Effectiveness of the spiro-caravan campaign for early 
diagnosis of COPD in the primary clinical practice. Ann Jpn Respir Soc. 
2014;3:372–9.

16.	 Ichinose M, et al. Chronic obstructive pulmonary disease (COPD) burden 
in Japan—confronting COPD Japan survey. Nihon Kokyuki Gakkai Zasshi. 
2007;45:927–35.

17.	 Tian J, et al. Peak expiratory flow as a screening tool to detect airflow obstruc-
tion in a primary health care setting. Int J Tuberc Lung Dis. 2012;16:674–80. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​5​8​8​​/​i​​j​t​l​d​.​1​1​.​0​4​2​9

18.	 Jithoo A, et al. Case-finding options for COPD: results from the burden of 
obstructive lung disease study. Eur Respir J. 2013;41:548–55. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​1​8​3​​/​0​​9​0​3​1​9​3​6​.​0​0​1​3​2​0​1​1

19.	 Thorat YT, Salvi SS, Kodgule RR. Peak flow meter with a questionnaire and 
mini-spirometer to help detect asthma and COPD in real-life clinical practice: 
a cross-sectional study. NPJ Prim Care Respir Med. 2017;27:32. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​0​3​8​​/​s​​4​1​5​3​3​-​0​1​7​-​0​0​3​6​-​8

20.	 Sasaki H, Nakamura M, Kida K. Reference values for spirogram and blood 
gas analysis in Japanese non-smoking healthy adults. J Jpn Respir Soc. 
2001;39:S1–17. (in Japanese).

21.	 Ministry of Health. Labour and Welfare of Japan. Ethical guidelines for medi-
cal and health research involving human subjects. 2015. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​m​​h​l​w​​.​g​
o​​.​j​p​/​​f​i​​l​e​/​​0​6​-​​S​e​i​s​​a​k​​u​j​o​​u​h​o​​u​-​1​0​​6​0​​0​0​0​​0​-​D​​a​i​j​i​​n​k​​a​n​b​​o​u​k​​o​u​s​e​​i​k​​a​g​a​k​u​k​a​/​0​0​0​0​0​8​0​
2​7​8​.​p​d​f

22.	 Minakata Y, et al. Prevalence of COPD in primary care clinics: correlation with 
Non̶ respiratory diseases. Intern Med. 2008;47:77–82.

23.	 Akamatsu K, et al. Poor sensitivity of symptoms in early detection of COPD. 
COPD. 2008;5:269–73. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​5​4​1​2​5​5​0​8​0​2​3​6​3​3​0​3

24.	 Bestall JC, et al. Usefulness of the medical research Council (MRC) dyspnoea 
scale as a measure of disability in patients with chronic obstructive pulmo-
nary disease. Thorax. 1999;54:581–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​t​​h​x​.​5​4​.​7​.​5​8​1

25.	 Global Initiative for Chronic Obstructive Lung Disease (GOLD). GOLD 2021 
Report. 2021. ​h​t​t​p​​s​:​/​​/​g​o​l​​d​c​​o​p​d​​.​o​r​​g​/​2​0​​2​1​​-​g​o​l​d​-​r​e​p​o​r​t

26.	 Jackson H, Hubbard R. Detecting chronic obstructive pulmonary disease 
using peak flow rate: cross sectional survey. Br Med J. 2003;327:653–4. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​m​j​.​3​2​7​.​7​4​1​6​.​6​5​3

27.	 Davidson SR, et al. Race adjustment of pulmonary function tests in the 
diagnosis and management of COPD: a scoping review. Int J Chron Obstruct 
Pulmon Dis. 2024;19:969–80. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​4​7​​/​C​​O​P​D​.​S​4​3​0​2​4​9

28.	 Ministry of Health, Labour and Welfare of Japan. Overview of the medical 
facility (status) survey and hospital report for 2022 (Reiwa 4). (in Japanese). ​h​t​
t​p​​s​:​/​​/​w​w​w​​.​m​​h​l​w​​.​g​o​​.​j​p​/​​t​o​​u​k​e​​i​/​s​​a​i​k​i​​n​/​​h​w​/​​i​r​y​​o​s​d​/​​2​2​​/​d​l​/​1​1​g​a​i​k​y​o​u​0​4​.​p​d​f

29.	 Maiya N. The countermeasure against COPD as national policy. J. Miyagi Med. 
Association. 2014. (in Japanese). ​h​t​t​p​​:​/​/​​w​w​w​.​​m​i​​y​a​g​​i​.​m​​e​d​.​o​​r​.​​j​p​/​​k​o​u​​s​h​i​n​​_​u​​p​l​o​a​
d​s​/​3​4​8​_​1​.​p​d​f

30.	 Lim R, Smith T, Usherwood T. Barriers to spirometry in Australian general 
practice: a systematic review. Aust J Gen Pract. 2023;52:585–93. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​3​1​1​2​​8​/​​A​J​G​P​-​0​9​-​2​2​-​6​5​6​8

31.	 Koga Y, et al. Underdiagnosis of COPD: the Japan COPD real-world data epi-
demiological (CORE) study. Int J Chron Obstruct Pulmon Dis. 2024;19:1011–9.

32.	 Ministry of Health, Labour and Welfare of Japan. Comprehensive survey of 
living conditions. 2023. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​m​​h​l​w​​.​g​o​​.​j​p​/​​t​o​​u​k​e​​i​/​s​​a​i​k​i​​n​/​​h​w​/​​k​-​t​​y​o​s​a​​/​k​​-​t​
y​o​s​a​2​2​/​d​l​/​0​4​.​p​d​f

33.	 Lamprecht B, et al. COPD in never smokers: results from the populationbased 
burden of obstructive lung disease study. Chest. 2011;139:752–63. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​​1​3​7​8​​/​c​​h​e​s​t​.​1​0​-​1​2​5​3

34.	 Tan WC, et al. Characteristics of COPD in never-smokers and ever-smokers 
in the general population: results from the CanCOLD study. Thorax. 
2015;70:822–9. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​1​​​3​6​​/​t​h​​o​r​a​​x​​j​n​​l​-​​2​​0​1​5​-​2​0​6​9​3​8

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1001/jama.2022.4708
https://doi.org/10.1001/jama.2022.4708
https://doi.org/10.5588/ijtld.11.0429
https://doi.org/10.5588/ijtld.11.0429
https://doi.org/10.1183/09031936.00132011
https://doi.org/10.1183/09031936.00132011
https://doi.org/10.1038/s41533-017-0036-8
https://doi.org/10.1038/s41533-017-0036-8
https://www.mhlw.go.jp/file/06-Seisakujouhou-10600000-Daijinkanboukouseikagakuka/0000080278.pdf
https://www.mhlw.go.jp/file/06-Seisakujouhou-10600000-Daijinkanboukouseikagakuka/0000080278.pdf
https://www.mhlw.go.jp/file/06-Seisakujouhou-10600000-Daijinkanboukouseikagakuka/0000080278.pdf
https://doi.org/10.1080/15412550802363303
https://doi.org/10.1136/thx.54.7.581
https://goldcopd.org/2021-gold-report
https://doi.org/10.1136/bmj.327.7416.653
https://doi.org/10.1136/bmj.327.7416.653
https://doi.org/10.2147/COPD.S430249
https://www.mhlw.go.jp/toukei/saikin/hw/iryosd/22/dl/11gaikyou04.pdf
https://www.mhlw.go.jp/toukei/saikin/hw/iryosd/22/dl/11gaikyou04.pdf
http://www.miyagi.med.or.jp/koushin_uploads/348_1.pdf
http://www.miyagi.med.or.jp/koushin_uploads/348_1.pdf
https://doi.org/10.31128/AJGP-09-22-6568
https://doi.org/10.31128/AJGP-09-22-6568
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa22/dl/04.pdf
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa22/dl/04.pdf
https://doi.org/10.1378/chest.10-1253
https://doi.org/10.1378/chest.10-1253
https://doi.org/10.1136/thoraxjnl-2015-206938

	﻿Effectiveness of adding a peak flow meter for the identification of patients with chronic obstructive pulmonary disease in real-world clinical practice
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Patients and procedure
	﻿Sorting of sCOPD with ROC
	﻿Equipment and method
	﻿Statistical analysis
	﻿Ethical considerations

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


