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Background and Objective: The International Primary Airways Group (IPAG) questionnaire is a useful tool for screening for
chronic obstructive pulmonary disease. The cut-off score of the IPAG questionnaire is investigated in Japan. However, its validity has
not been examined according to sex, which was the aim of this study.
Methods: We included 4364 participants aged 40 years or older, all current and ex-smokers and never-smokers, who completed the
IPAG questionnaire and underwent spirometry. The IPAG questionnaire consists of eight items and the cut-off score is set to 17. We
calculated the odds ratios of airflow limitation for each of the eight questions, by sex. We performed receiver operating characteristic
analysis, calculating the area under the curve, sensitivity, and specificity for each sex.
Results: For both men (n=2784) and women (n=1580), only three questions were independent risk factors of airflow limitation. The
odds ratios for age (≥70 years), wheezing, and smoking history (≥50 pack-years) were 10.61, 3.50, and 2.40, respectively, for men (all
p<0.001), and 4.30 (p<0.001), 2.32 (p=0.026), and 5.69 (p=0.014), respectively, for women. For men and women, the areas under the
curve were 0.741 and 0.670, respectively. The sensitivity and specificity values, respectively, were as follows: 83.6% and 47.1% for
men with a cut-off score of 17; 80.0% and 53.7% for men with a cut-off score of 18; 56.7%, and 65.9% for women with a cut-off score
of 17; and 76.7% and 43.9% for women with a cut-off score of 15.
Conclusion: Regardless of sex, only three IPAG questions were deemed useful as screening for airflow limitation. The cut-off scores
for men and women may be appropriately set at 18 and 15, respectively, in the Japanese population.
Keywords: sex differences, respiratory airflow, screening, questionnaire, chronic obstructive pulmonary disease

Introduction
Chronic obstructive pulmonary disease (COPD) is now preventable and treatable, and early detection is crucial for its
proper clinical treatment. Spirometry is the gold standard method for the early detection of COPD. However, it is difficult
to screen the general population using spirometry, since it is not available in many settings. Its implementation rate in the
primary care setting is also low.1 Consequently, questionnaires have been developed and used to screen patients for the
early detection of COPD.2–5 One of these is the COPD diagnostic questionnaire of the International Primary Airways
Group (IPAG), a simple and useful tool to screen patients in primary care and the general population for COPD.6–11 It has
been externally validated for use in many countries6–10,12 and was deemed effective in Japan.11,13 Many of these studies
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included current or ever-smokers,7–10,12,13 and a few included never-smokers.6,11 Therefore, never-smokers should be
screened as early as possible to detect COPD, similar to that being done for smokers.

In a recent systematic review, it was estimated that 6.16% of women have COPD, and that the rate of increase in
COPD prevalence is higher in women than in men.14 COPD risk factors differ between men and women.15 Furthermore,
women experience diagnostic delays compared with men in terms of COPD despite having a higher prevalence of
anxiety and a history of exacerbations.16 Additionally, sex differences among patients with COPD were reported,
including respiratory symptoms, comorbidities, acute exacerbations, and the effect of smoking.17–19 For example, de
Torres et al20 reported that even among male and female patients matched for forced expiratory volume in 1 s (FEV1),
female patients experienced a higher degree of dyspnea and had a poorer quality of life. In addition, many studies have
shown anatomical differences between men and women.21,22 Therefore, the focus on the sex differences in COPD is
important in its care efforts when considering differences in lung function and disease burden. However, the IPAG
questionnaire does not currently consider sex differences in COPD.

We hypothesized that COPD-related sex differences would affect the overall score in the IPAG questionnaire, as well
as the scores for individual questions. However, the cut-off score for the IPAG questionnaire is 17 regardless of sex.23

The purpose of the present study was to investigate the validity of the IPAG questionnaire as a screening method for
airflow limitation depending on sex.

Materials and Methods
Study Design and Participants
A retrospective epidemiological survey was performed on 4427 participants aged 40 years or older, including both
smokers and never-smokers. We defined smokers were current or ex-smokers in the same category. They were recruited
from 17 hospitals in the Saitama, Ibaraki, Shiga, Kyoto, Osaka, Kagoshima, and Okinawa prefectures, Japan. They
participated in full medical checkup,24 attended voluntary health examinations, undertook regularly scheduled check-ups,
or undertook screening in outpatient clinics from July 2008 to July 2009. Full medical checkup is conducted to
accomplish early detection and treatment of disease. Regularly scheduled check-ups were defined as compulsory annual
health examinations undertaken by employees, as per the Industrial Safety and Health Law. Patients undertaking to
screen in outpatient clinics were defined as those who had not been diagnosed with respiratory disease and were
attending hospital outpatient clinics for the management of other chronic conditions. The study was approved by the
Ethics Review Committee of Nagasaki University Graduate School of Biomedical Sciences (approval number:
13061341) and was conducted according to the principles of the Declaration of Helsinki. All participants provided
written informed consent before participation.

Measures
The study participants completed the IPAG questionnaire and underwent spirometry. The IPAG questionnaire consists of
eight items (21 response choices) related to age, smoking history, body mass index (BMI), coughing, sputum, and
allergies. Each question was scored individually, and the total score ranged from 0 to 38. The management handbook for
the IPAG questionnaire recommends that it be used for current smokers with a cut-off score of 17; ie, a score of 17 or
more by a current smoker is indicative of COPD.23

Spirometry was conducted by trained staff using spirometers that satisfied the medical equipment standard of the
Japanese Respiratory Society. FEV1 and forced vital capacity (FVC) were measured, and the FEV1/FVC ratio was
calculated. Predicted FEV1 was calculated using the equation recommended by the Special Committee of Pulmonary
Physiology (Japan Respiratory Society).25 Participants whose FEV1/FVC ratio was 70% or less were defined an airflow
limitation. The severity of the disease was categorized from stage I to IV based on the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) criteria.26 Bronchodilator reversibility testing was not performed as the questionnaire
is used for screening purposes only.
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Statistical Analysis
The study participants were divided into male and female groups. Differences in continuous variables were compared
using the t-test for normally distributed variables and the Mann–Whitney U-test for non-normally distributed variables.
Categorical variables were compared using the Chi-squared test. A multiple logistic regression model was performed,
which included the eight items from the IPAG questionnaire as independent variables and airflow limitation as to the
dependent variable; odds ratios were calculated separately for each group. Sensitivity and specificity were calculated at
1-point intervals, from the minimum to the maximum score in the IPAG questionnaire.

The sensitivity and specificity of the total score for identifying participants with airflow limitation were calculated
using the receiver operating characteristic (ROC) curve, and the areas under the curve (AUCs) were calculated.
Participants with missing values in the IPAG questionnaire and those with unclear spirometry results were excluded.
Data are expressed as median (interquartile range) values, mean ± standard deviation values, or numbers (percentages).
All analyses were performed using a commercial statistical software package (IBM SPSS Statistics for Windows, version
24.0; IBM Corp., Armonk, NY, USA) and a p- value of 5% was considered a significant difference.

Results
Figure 1 illustrates the flow of participants in this study. After excluding 63 participants with missing values in the IPAG
questionnaire and those with unclear spirometry results, we analyzed the results of the remaining 4364. Their character-
istics according to sex are summarised in Table 1. There were 2784 male (63.8%) and 1580 female (36.2%) participants.
Overall, 285 had airflow limitations—a prevalence of 6.5%; the prevalence among men and women was 8.1% and 3.8%,
respectively. Among the participants with airflow limitation, 82.8% had a COPD severity of stage I–II based on the
GOLD criteria.

The prevalence of airflow limitation and the corresponding odds ratio for each of the eight questions are presented in
Table 2 for male and Table 3 for female participants. For both groups, only three questions were independent predictors
of airflow limitation: age, smoking history, and wheezing. Among male participants, the odds ratios for age (≥70 years),
wheezing, and smoking history (≥50 pack-years) were 10.61, 3.50, and 2.40, respectively. Among female participants,
the odds ratios for age (≥70 years), wheezing, and smoking history (≥50 pack-years or more) were 4.30, 2.32, and 5.69,
respectively.

The ROC curve for each sex is illustrated in Figure 2. The sensitivity and specificity of the male and female
participants are shown in Table 4. Among men, the AUC was 0.741; the sensitivity and specificity were 83.6% and

Figure 1 Flowchart of the study participants.
Note: Overall, 4427 participants were included in this study, of which 2784 were men and 1580 were women.
Abbreviation: IPAG, International Primary Airways Group.
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Table 1 Characteristics of Study Participants

Total (n = 4364) Men (n = 2784) Women (n = 1580) P-value

Age, years 53 (46–60) 54 (47–61) 51 (46–60) <0.001*

Current or ex-smoker 2906 (66.6) 2370 (85.1) 536 (33.9) <0.001*

Smoking history, pack-years 27.1 ± 22.1 29.9 ± 22.7 14.6 ± 13.8 <0.001*

BMI, kg/m2 24.0 ± 3.4 24.5 ± 3.2 23.1 ± 3.5 <0.001*

FVC, L 3.2 ± 0.8 3.6 ± 0.8 2.6 ± 0.6 <0.001*

FEV1, L 2.6 ± 0.7 2.9 ± 0.7 2.1 ± 0.5 <0.001*

%FEV1, % 90.9 ± 16.3 87.6 ± 15.4 96.8 ± 16.1 <0.001*

FEV1/FVC, % 81.8 ± 8.4 80.8 ± 8.8 83.6 ± 7.4 <0.001*

FEV1/FVC < 70 285 (6.5) 225 (8.1) 60 (3.8) <0.001*

Total score of IPAG questionnaire 16.5 ± 5.6 17.5 ± 5.7 14.8 ± 4.7 <0.001*

COPD Stage

I/II/III/IV 79/157/44/5 61/121/38/5 18/36/6/0 0.353

Notes: *P<0.05. Values are presented as medians (interquartile ranges), numbers (percentages), or means ± standard deviations.
Abbreviations: BMI, body mass index; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s; %FEV1, percentage of predicted FEV1;
IPAG, International Primary Airways Group; COPD, chronic obstructive pulmonary disease.

Table 2 Prevalence of Airflow Limitation and Odds Ratios for Male Participants

Question Total Number (n = 2784) Number with AL (n = 225) Odds Ratio 95% CI P-value

1. Age, years

40–49 914 (32.8) 22 (2.4) Reference

50–59 940 (33.8) 54 (5.7) 2.25 1.35–3.75 0.002*

60–69 546 (19.6) 55 (10.1) 3.94 2.35–6.61 <0.001*

70+ 384 (13.8) 94 (24.5) 10.61 6.46–
17.44

<0.001*

2. Smoking history, pack-years

0–14 979 (35.2) 47 (4.8) Reference

15–24 530 (19.0) 30 (5.7) 1.38 0.84–2.28 0.206

25–49 904 (32.5) 93 (10.3) 2.15 1.46–3.16 <0.001*

50+ 371 (13.3) 55 (14.8) 2.40 1.54–3.73 <0.001*

3. BMI, kg/m2

< 25.4 1786 (64.2) 148 (8.3) 2.20 0.93–5.20 0.072

25.4–29.7 832 (29.9) 71 (8.5) 2.13 0.89–5.12 0.091

> 29.7 166 (6.0) 5 (3.6) Reference

4. Weather affects cough

Yes 952 (34.2) 86 (9.0) 1.15 0.85–1.56 0.362

No or no cough 1832 (65.8) 139 (7.6) Reference

(Continued)
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Table 2 (Continued).

Question Total Number (n = 2784) Number with AL (n = 225) Odds Ratio 95% CI P-value

5. Phlegm without a cold

Yes 880 (31.6) 89 (10.1) 1.05 0.74–1.50 0.776

No 1904 (68.4) 136 (7.1) Reference

6. Phlegm in the morning

Yes 551 (18.4) 51 (10.0) Reference

No 2273 (81.6) 174 (7.7) 1.14 0.76–1.71 0.533

7. Wheeze frequency (any)

Never 2494 (89.6) 160 (6.4) Reference

Sometimes or often 290 (10.4) 65 (22.4) 3.50 2.44–5.03 <0.001*

8. Have or had any allergies

Yes 445 (16.0) 33 (7.4) Reference

No 2339 (84.0) 192 (8.2) 1.08 0.71–1.65 0.714

Notes: *P<0.05. Values are numbers (percentages) of participants.
Abbreviation: AL, airflow limitation.

Table 3 Prevalence of Airflow Limitation and Odds Ratios for Female Participants

Question Total Number (n=1580) Number with AL (n = 60) Odds Ratio 95% CI P-value

1. Age, years

40–49 567 (35.9) 15 (2.6) Reference

50–59 554 (35.1) 17 (3.1) 1.14 0.56–2.34 0.718

60–69 276 (17.5) 8 (2.9) 1.04 0.41–2.58 0.942

70+ 183 (11.6) 20 (10.9) 4.30 2.04–9.04 <0.001*

2. Smoking history, pack-years

0–14 1352 (85.6) 47 (3.5) Reference

15–24 129 (8.2) 8 (6.2) 1.76 0.77–4.04 0.18

25–49 83 (5.3) 2 (2.4) 0.60 0.14–2.61 0.496

50+ 16 (1.0) 3 (18.8) 5.69 1.42–22.69 0.014*

3. BMI, kg/m2

<25.4 1217 (77.0) 48 (3.9) 3.70 0.49–27.96 0.205

25.4–29.7 290 (18.4) 11 (3.8) 2.45 0.30–19.97 0.402

> 29.7 73 (4.6) 1 (1.4) Reference

4. Weather affects cough

Yes 242 (15.3) 13 (5.4) 1.49 0.76–2.96 0.248

No or no cough 1338 (84.7) 47 (3.5) reference

(Continued)
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47.1%, respectively, for a cut-off score of 17, and 80.0% and 53.7%, respectively, for a cut-off score of 18. Among
women, the AUC was 0.670; the sensitivity and specificity were 56.7% and 65.9%, respectively, for a cut-off score of 17,
and 76.7% and 43.9%, respectively, for a cut-off score of 15.

Figure 2 Receiver operating characteristic (ROC) curves for International Primary Airways Group questionnaire scores by sex (men: , women: ). The area under the
ROC curve was 0.741 for men and 0.670 for women.

Table 3 (Continued).

Question Total Number (n=1580) Number with AL (n = 60) Odds Ratio 95% CI P-value

5. Phlegm without a cold

Yes 338 (21.4) 19 (5.6) 1.38 0.71–2.68 0.341

No 1242 (78.6) 41 (3.3) Reference

6. Phlegm in the morning

Yes 167 (10.6) 10 (6.0) Reference

No 1413 (89.4) 50 (3.5) 0.79 0.34–1.84 0.586

7. Wheeze frequency (any)

Never 1433 (90.7) 48 (3.3) Reference

Sometimes or often 147 (9.3) 12 (8.2) 2.32 1.11–4.88 0.026*

8. Have or had any allergies

Yes 384 (24.3) 9 (2.3) Reference

No 1196 (75.7) 51 (4.3) 2.10 0.96–4.59 0.065

Notes: *P<0.05. Values are numbers (percentages) of participants.
Abbreviation: AL, airflow limitation.
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Discussion
In this study, we revealed that the validity of the questionnaire differed according to sex and that three of the eight
questions could be used to independently identify participants with airflow limitation. The odds ratios for the three
questions—relating to age, smoking history, and wheezing—also differed according to sex.

Previous studies comparing the validity of IPAG with COPD-PS showed that the AUCs of IPAG and COPD-PS were
0.775 and 0.747, respectively. The IPAG questionnaire was a useful screening tool for the Japanese.11 In addition,
Kawayama et al13 reported that AUCs of IPAG questionnaire were 0.791, and the IPAG questionnaire was a useful tool
for the Japanese population.

Sørheim et al27 reported that women in their study were more likely to develop COPD despite being younger than
men, having a later onset of smoking, and having smoked less. Women may be more susceptible to the effects of
cigarette smoking than men.28 This may be why the odds ratio for airflow limitation was the third-highest for the IPAG
question related to smoking history for men; in contrast, the odds ratio was the highest for that question for women.
Among male participants aged ≥70 years, the prevalence of airflow limitation was 24.5%, similar to that in the Nippon
COPD Epidemiology study (24.4%).29 The odds ratio for airflow limitation in men was the highest for the IPAG question
related to age (≥70 years). Therefore, in the IPAG questionnaire, the patient’s age may be the most useful question to
identify airflow limitation in men.

In the present study, both sets of odds ratios differed from those reported by Price et al.3 We discovered that the
weight of each question was different for men and women. Therefore, we believe that a scoring system that considers sex
is required for COPD screening in the Japanese. For both men and women, the three questions on the questionnaire that
could be used to effectively identify participants with airflow limitations were the same as those of men and women
combined in previous studies in Japan.13,30 Old age, a history of profuse smoking, and the presence of wheezing are also
important items in the COPD screening questionnaire developed by Samukawa et al.31

In the study in the US in which the scoring system for the IPAG questionnaire was developed, almost all questions
were statistically significant predictors of COPD.3 This difference between Western and Japanese patients may be due to
different clinical phenotypes of COPD, as such phenotypes differ even within the Japanese population.32 Questions
relating to BMI, coughing, phlegm, and allergies were unable to identify participants with airflow limitation in this study.
In the question relating to BMI, the values may be set too high for the Japanese population, for whom the normal value is
18.9–24.5 kg/m2. In this study, more than 60% of men and more than 70% of women had a BMI of less than 25.4, falling

Table 4 The Sensitivity and Specificity of Different Cut-off Scores for Identifying Participants with Airflow
Limitation

Cut-Off Men Women

Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)

14 90.7 27.2 80.0 38.0

15 87.1 35.9 76.7 43.9

16 84.9 42.2 58.3 61.8

17 83.6 47.1 56.7 65.9

18 80.0 53.7 56.7 70.5

19 72.0 63.4 50.0 77.1

20 68.9 67.6 41.7 86.1

21 66.2 71.3 35.0 87.4

Notes: The cut-off values are for scores in the International Primary Airways Group questionnaire, out of a possible 38. Participants above the
cut-off value are deemed to have airway limitation.
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within the lowest of the three categories in the question. However, Ogura et al30 reported that BMI was an ineffective
measure of COPD even when modified for Japanese patients.

In the present study, over 80% of the participants with airflow limitation were mild or moderate cases, according to
the GOLD severity classification. We hypothesize that this is the reason why the questions in the IPAG questionnaire
relating to coughing and phlegm were not diagnostically useful in this study.

The question related to allergies is useful in differentiating COPD from asthma. However, many patients have
overlapping syndromes of COPD and asthma,33 and the purpose of the IPAG questionnaire is to screen for COPD, not
differentiate between COPD and asthma. Therefore, we demonstrated that questions relating to age, smoking history, and
wheezing are most important for the early detection of participants with airflow limitation in Japan.

With the cut-off of 17 points recommended in the IPAG diagnosis and management handbook,23 the sensitivity and
specificity differed depending on sex in this study. We have revealed that cut-off scores of 18 and 15 may be appropriate for
men and women, respectively. Various groups in Japan have examined cut-off values for the IPAG questionnaire. According
to Kawayama et al13 and Tsukuya et al11 cut-off scores of 19.5 and 20, respectively, may be more appropriate for Japanese
patients. In contrast, Arimura et al34 reported that the cut-off score should be lowered to 14, whereas Ogura et al30 in a study
that targeted participants of full medical checkup, deemed a cut-off score of 17 appropriate. In the present study, among men,
a cut-off score of 17 yielded a sensitivity and specificity of 83.6% and 47.1%, respectively, and a cut-off score of 18 yielded
values of 80.0% and 53.7%, respectively. Price et al3 reported AUC, sensitivity, and specificity values, for a cut-off score of
16.5, of 0.816, 80.4%, and 57.5%, respectively. Although the AUC for men in this study was lower than that reported by Price
et al (0.741 vs 0.816), the sensitivity and specificity for a cut-off score of 18 was similar to those reported by Price et al.3

Additionally, unlike in the study by Price et al3 the participants in the present study included never-smokers. In contrast,
among women, a cut-off score of 16 yielded a sensitivity and specificity of 58.3% and 61.8%, respectively, and a cut-off score
of 15 yielded values of 76.7% and 43.9%, respectively. The AUC was lower in women than in men and, for any given cut-off
score, the sensitivity was higher in men and the specificity was higher in women. Furthermore, the AUC and sensitivity for
women in this study were lower than those reported by Price et al.3 If the IPAG questionnaire is used for screening among the
Japanese population using a cut-off of 17, there is a risk that women with airflow limitation may be overlooked. Therefore, we
suggest that the cut-off score should be lowered to 15 for women, to detect those with airflow limitation.

In future studies, the combination that abbreviated the three questions version of IPAG and spirometry needs to
investigate in international communities and longitudinal prospective studies following up them. If the three questions of
IPAG are useful tool for screening for airflow limitation, we can screen more simply and in a short time.

This study has two main limitations. First, reversibility testing was not conducted. Therefore, participants with airflow
limitation may have had lung diseases other than COPD. However, the questionnaire is a screening tool for early
detection, not for diagnosis. Second, there were current or ex-smokers in the same category. Therefore, future studies
might be separated them. Our study also has two main advantages. First, the sample size was large. Second, to our
knowledge, this was the first study to identify sex differences in a COPD screening tool.

Conclusion
The validity of the IPAG questionnaire among Japanese participants differed according to sex in this study; it was
deemed less effective for women than for men. Regardless of sex, only three of the eight questions, those relating to age,
wheezing, and smoking history, were deemed useful in identifying airflow limitation. The risk of airflow limitation posed
by these three questions differed according to sex. A cut-off score of 18 may be appropriate for men and a score of 15 for
women, in the Japanese population. Our findings suggest that early airflow obstruction in primary care and the general
population may be detected more successfully by changing the cut-off score depending on sex the three questions may be
a simple screening tool for airflow limitation. The current IPAG questionnaire is recommended as a useful tool for
screening airflow limitations in Japan.
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