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ABSTRACT

Background and Objective: Symptom-based questionnaires and handheld lung function devices are widely used for COPD
case finding, but the optimal combination remains unclear. This study aimed to compare the diagnostic accuracy (DA) of various
combinations of handheld lung function devices and questionnaires and develop a COPD case-finding strategy.

Methods: This cross-sectional, prospective, observational study enrolled participants aged >40years with respiratory symp-
toms and > 10 smoking pack-years. Participants completed three questionnaires (COPD diagnostic questionnaire [CDQ], lung
function questionnaire; COPD Population Screener) and 2 handheld lung function devices (peak flow meter, microspirometer),
followed by spirometry to confirm COPD (post-bronchodilation FEV,/FVC <0.7). DA is assessed using the area under the ROC
curve (AUROC).

Results: Among 224 participants, COPD incidence was 29%. Individually, handheld devices showed significantly higher DA
than questionnaires (AUROC 0.678-0.69 for questionnaires vs. 0.807 for peak expiratory flow rate [PEFR] and 0.888 for FEV,/
FEV; all pairwise p<0.05). FEV,/FEV,-based combinations outperformed PEFR-based combinations (all n=224; AUROC
0.897-0.903 vs. 0.810-0.818; p<0.05). The CDQ and FEV,/FEV, combination reached the highest DA (AUROC 0.903). FEV,/
FEV, <0.76 was the optimal cutoff value. A two-staged strategy (sensitivity/specificity 0.82/0.84) was proposed: low-risk partic-
ipants (CDQ <13) need no further testing; middle-risk (CDQ 14-26) should undergo FEV,/FEV,; and high-risk (CDQ >27) and
middle-risk with FEV,/FEV, <0.76 require confirmatory spirometry. This approach would reduce misdiagnoses and save costs
and time compared to FEV,/FEV alone.

Conclusion: FEV,/FEV, and CDQ combination achieves the highest DA. A two-staged, risk-stratified strategy combining CDQ
and FEV,/FEV, can be accurate and cost-effective to detect at-risk, undiagnosed COPD subjects. External validation is required.

Abbreviations: BD, bronchodilation; CAT, COPD assessment test; COPD, chronic obstructive lung disease; FEV, forced expiratory volume in the first second; FEV,, forced expiratory volume
in six seconds; FVC, forced vital capacity; NPV, negative predictive value; %PEFR, percent predicted peak expiratory flow rate; PEFR, peak expiratory flow rate; PPV, positive predictive value.
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Summary

« COPD case-finding tools that integrate handheld lung
function devices and questionnaires demonstrate su-
perior accuracy compared to individual approaches.

« Combining FEV,/FEV, with COPD Diagnostic

Questionnaire (CDQ) achieves the highest accuracy
(area under ROC=0.903).

« We propose a two-stage, risk-stratified strategy utilis-
ing FEV,/FEV, and CDQ for accurate, cost-effective
identification of at-risk, undiagnosed individuals.

1 | Introduction

Chronic obstructive pulmonary disease (COPD) is an important
cause of morbidity and mortality and has been the third lead-
ing cause of death worldwide [1-3]. COPD burden is increasing.
However, COPD remains largely underdiagnosed worldwide at an
estimate of around 20%-80% [4-8], and a substantially high pro-
portion of underdiagnosis occurs in primary care (PC) [7, 9, 10].
Underuse or unavailability of spirometry are significant factors for
underdiagnosis. In addition, younger age, non-smoker, lower edu-
cation, less severe airflow limitation, lack of symptom perception,
and low disease awareness are also attributable factors [8, 11, 12].
In Taiwan, a recent nationwide telephone interview survey of the
general population revealed that COPD was largely underdiag-
nosed due to low COPD awareness and spirometry underuse [13].
Hence, we urgently need an effective COPD case-finding strategy
to identify at-risk subjects who require a spirometric diagnosis.

Currently, the US Preventive Services Task Force recommends
against screening COPD in asymptomatic adults [14, 15]. By con-
trast, case-finding to detect COPD in those with respiratory symp-
toms or exposure risks is advocated [15, 16]. These symptomatic
cases often present in PC, which are optimal occasions to catch
COPD early. COPD case-finding tools include questionnaires,
handheld lung function devices, or a combination of both [17, 18].
The COPD diagnostic questionnaire (CDQ), lung function ques-
tionnaire (LFQ), and COPD Population Screener (COPD-PS) ap-
pear to be the most commonly used questionnaires in PC [17, 19].
Overall, these questionnaires corresponded to a wide range of di-
agnostic accuracy (DA, represented by the area under the receiver
operating characteristic curve, AUROC 0.65-0.81), and predic-
tive performance in terms of sensitivity (49%-91%), and speci-
ficity (37%-90%) [18, 20-25]. Even using the same questionnaire
in different studies, the AUROC values, sensitivity, and specific-
ity also largely varied in CDQ (0.71-0.80, 0.63-0.91, 0.37-0.72)
[20, 22, 23, 25], COPD-PS (0.65-0.79, 0.56-0.8, 0.48-0.9) [20, 21],
and LFQ (0.72-0.81, 0.49-0.73, 0.58-0.68) [20, 24], respectively.
The varying performances may be related to different populations,
such as clinical settings or symptom prevalence. Spyratos et al.
compared CDQ, LFQ, and COPD-PS in the same PC population,
finding similar AUROC values (0.794-0.809). However, COPD-PS
showed the highest sensitivity (0.9 vs. 0.72 and 0.68 for CDQ and
LFQ) but the lowest specificity (0.56 vs. 0.74 and 0.79) [20]. This
highlights that even similar questionnaires in the same population
can differ in diagnostic characteristics. Thus, validating question-
naires for specific regions is crucial to ensure reliable and consis-
tent application across diverse settings.

Compared with questionnaires, case-finding using handheld lung
function devices, such as the commonly used microspirometers
(indicated by the ratio of forced expiratory volume in first over
six seconds, FEV,/FEV,) [22, 25] or peak expiratory flow meters
[26, 27] exhibited a higher and constant DA (AUROC 0.82-0.88),
sensitivity (0.76-0.88) and specificity (0.71-0.78). A combined mo-
dality using a questionnaire and a handheld lung function device
further improved DA (AUROC 0.866-0.906) [18, 25-27]. COPD
case-finding tools applying questionnaires alone are simple but
less reliable. By contrast, using a handheld lung function device
alone elevates accuracy but requires more time, effort, and costs.
A combined modality might balance their drawbacks. However,
the best-combined modality has not been identified by directly
comparing different combinations. In this study, we aimed to in-
vestigate which combination can achieve the best accuracy and
establish a case-finding strategy. Additionally, the optimal cutoff
ratio of FEV,/FEV, will be determined.

2 | Methods
2.1 | Study Design

This prospective, cross-sectional, observational study was con-
ducted in a medical centre from January 2018 to January 2020.
The primary objective was to compare the DA of various combi-
nations of handheld lung function devices and questionnaires for
identifying COPD. The other objectives included the predictive
performance of different diagnostic modalities and establishing
an effective case-finding strategy accordingly. Eligible partici-
pants were invited in pulmonary outpatient clinics. During their
visit, demographic information, responses to four questionnaires,
including CDQ (8 items, score range 0-38), LFQ (5 items, score
range 5-25, licensed from the Mapi Research Trust), COPD-PS
(5 items, score range 0-10, licensed from the QualityMetric Inc.,
the 3 questionnaires detailed in the Supporting Information), and
COPD assessment test (CAT, traditional Chinese version, permit-
ted from the GSK Inc.), measurements of pre-bronchodilation
FEV,, FEV, (by the microspirometer- COPD-6, model 4000,
Vitalograph Inc., Lenexa, Kansas, USA), peak expiratory flow rate
(PEFR, model 4300, Vitalograph Inc., Lenexa, Kansas, USA), and
confirmatory post-bronchodilation spirometry were obtained (See
Figure S1 for study flow in the Supporting Information). Since
the three questionnaires have not been officially translated into
Chinese versions, we performed a simplified linguistic validation
with a small pilot test to minimise misunderstandings for Chinese
population (see Supporting Information for details). The items and
scores of CDQ, LFQ, and COPD-PS are summarised in Table S1 in
the Supporting Information. All participants completed the study
flow in a single day. This study was approved by the Institutional
Review Board (approval number: 2017-07-006C). All participants
signed informed consent.

2.2 | Study Participants

Participants attending our pulmonary clinics with chronic
respiratory symptoms were enrolled if they met all of these
criteria: age>40years, no prior COPD diagnosis, current or
former smokers with >10 pack-years, and at least one chronic
respiratory symptom (cough, dyspnoea, or phlegm lasting
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>4weeks). They might come from the community without
any referrals or being referred by non-pulmonologists. The fol-
lowing participants were excluded if they: (1) coincided with
asthma (Supporting Information), clinically overt bronchiecta-
sis (Supporting Information), lung cancer, active tuberculosis,
or other known specific pulmonary disease; (2) presented with
comorbidity that might significantly interfere with lung func-
tion measurements (e.g., neuromuscular disease, thoracic cage
deformity, uncontrolled medical disease, post lung resection,
etc.); (3) underwent active infection 3weeks before enrollment;
(4) were unwilling or unable to perform lung function tests.
The measurement of PEFR and spirometry followed the stan-
dards of the American Thoracic Society/European Respiratory
Society (Supporting Information). The performance of the mi-
crospirometer was based on the manufacturer's recommenda-
tions. Measurements were repeated to obtain three technically
satisfactory efforts, and the best values were recorded. The di-
agnosis of COPD (defined by post-bronchodilation FEV,/FVC
<0.7) and stages of airflow limitation were based on the 2017
Global Initiative for Chronic Obstructive Lung Disease (GOLD)
report [28].

2.3 | Statistical Analysis

The sample size was calculated by comparing the AUROC val-
ues of different diagnostic modalities. Previous studies showed
that the AUROC value was between 0.64 and 0.71 for question-
naires (CDQ, COPD-PS, LFQ) [21, 29-32] or between 0.83 and
0.88 for PEFR [26, 27] and FEV,/FEV, [22, 33]. In the present
study, we supposed the AUROC value was 0.7 for questionnaires
and 0.8 for PEFR or FEV,/FEV,, respectively. Given a type I
error of 0.05, a type II error of 0.2, and the ratio of subjects with
versus without COPD of 3, the minimal required sample size
was 212 (Figure S2 in the Supporting Information).

Data are presented as means + SD or median (interquartile) or
number (%), as appropriate. Continuous variables are compared
using a t-test or Mann-Whitney U test. Categorical data were
evaluated by a Chi-square test. The performance of different diag-
nostic modalities was determined and compared using AUROC
analysis. The best cutoff value of different modalities was calcu-
lated using the Youden index to determine the sensitivity, spec-
ificity, positive predictive value (PPV), negative predictive value
(NPV), and numbers needed to screen (NNS). The agreement
between COPD diagnoses based on pre-bronchodilation FEV,/
FEV, and post-bronchodilation FEV,/FVC was evaluated using
the Kappa coefficient. Statistical analysis was performed using
SPSS Statistics for Windows, Version 20.0 (IBM Corp., Armonk,
NY, USA). AUROC values were compared using MedCalc ver-
sion 17.5.5 (MedCalc Software, Ostend, Belgium). A two-sided p
value <0.05 was considered significant.

3 | Results
3.1 | Patient Characteristics
Two hundred sixty-three consecutive participants were in-

vited, and 224 completed the study (Figure S1 in the Supporting
Information). Sixty-six of 224 (29%) were newly diagnosed COPD

patients, who were categorised by GOLD stage I (38, 58%), 11
(25, 38%), and I1I (3, 4%). None of the participants had used any
COPD-specific medication. Compared with non-COPD cases,
COPD patients were older and had a lower BMI, higher symp-
tom burdens (indicated by the questionnaire scores), and lower
lung function parameters (Table 1). Additionally, the majority of
participants (161, 72%) directly came from the community with-
out any referrals, followed by referrals from PC (47, 21%) and
institutional non-pulmonary clinics (16, 7%), respectively.

3.2 | Diagnostic Accuracy and Predictive
Performance in a Single Modality

When used alone, the three questionnaires showed similar DA,
but each outperformed the CAT (Figure 1A). The best cutoff val-
ues for questionnaires are shown in Table 2. Even with similar
DA, the three questionnaires exhibited various predictive per-
formances (Table 2), such as high sensitivity/low specificity for
CDQ and low sensitivity/high specificity for LFQ. Compared
with LFQ, CDQ identified fewer cases with corrected diagnoses
(true positives plus true negatives, 130 vs. 164 cases) but vastly
reduced misdiagnosed COPD patients (false negatives, 9 vs. 40
cases) (Figure 2A,B). As to pre-bronchodilation handheld lung
function devices alone, the AUROC value in every single pa-
rameter (PEFR, percent predicted PEFR [%PEFR], FEV,, FEV,,
or FEV,/FEV,) was significantly higher than that in any ques-
tionnaire (p <0.05 for any pairwise comparisons). The microspi-
rometer is more accurate than the peak flow meter (AUROC:
FEV,>PEFR; FEV,/FEV,>PEFR and %PEFR; all p<0.05),
and the FEV,/FEV, reached the highest DA (Figure 1B). The
best cutoff values for handheld lung function device parameters
are shown in Table 2. Compared with PEFR, the FEV,/FEV,
showed better predictive performance (Table 2) and reduced
misdiagnosed COPD patients (Figure 2C,D). The optimal FEV/
FEV, cutoff of <0.76 effectively predicts post-bronchodilation
FEV,/FVC <0.7, with fair to good agreement (Kappa: 0.644)
and a concordance rate of 84.8% (Table S2 in the Supporting
Information).

3.3 | Diagnostic Accuracy in Different
Combinations

Figure 1C illustrates the DA and comparisons by combining
different questionnaires and handheld lung function device pa-
rameters. There was no difference among PEFR-based or FEV,/
FEV,-based combinations, but FEV,/FEV,-based combina-
tions were significantly better than PEFR-based combinations.
Combining CDQ and FEV,/FEV, reached the highest DA, and
CDQ had the best sensitivity. Thus, this combined modality was
applied to our two-staged case-finding strategy.

3.4 | Development of a Two-Staged, Risk-Stratified
Combined Modality

Based on the distribution of participants' CDQ scores, we first
reported that the CDQ can differentiate risk levels for COPD
diagnosis (see Figure S3 in the Supporting Information for
details on the development of risk stratification). Participants
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TABLE1 | Baseline characteristics.

Total Non-COPD COPD p value
Numbers (%) 224 158 (71) 66 (29%)
Age, year 64.9+11.8 61.9+10.9 71.9+11.1 <0.001*
BMI 25.5(22.8-28.1) 26(23.9-28.7) 23.8 (22.2-26.3) 0.001°
Male, N (%) 200 (89) 140 (89) 60 (91) 0.612¢
Current smoker, N (%) 86 (38.4) 64 (40.5) 22 (33.3) 0.314¢
Smoking pack-years 30 (18-50) 30 (17.5-45) 42.5 (20-53) 0.065°
Questionnaires
CDQ 21 (17-24) 19 (15-23) 23 (19-25) <0.001°
LFQ 16 (15-18) 17 (16-19) 15 (13-17) <0.001°
COPD-PS 4 (4-5) 4(3-5) 5 (4-6) <0.001°
CAT 4(2-7) 4(2-7) 5(3-7) 0.048
Peak flow meter (Pre-BD)
PEFR, L/min 495 (400-560) 515 (450-580) 400 (280-460) <0.001°
PEFR, % pred. 96 (84-108) 101 (91-111) 82 (55-96) <0.001°
Microspirometer (Pre-BD)
FEV,, L 2.49+0.8 2.74+0.7 1.9+0.71 <0.001?
FEV,, L 3.18+0.96 3.39+0.88 2.66+0.96 <0.0012
FEV,/FEV 0.78£0.08 0.81+0.06 0.71+0.07 <0.001*
Pre-BD spirometry
FEV,, L 2.52+£0.77 2.76 £0.66 1.93+0.7 <0.001*
FEV,, % pred. 95+20 101+15 81+22 <0.0012
FVC,L 3.25+0.88 3.4+0.84 29+09 <0.001?
FVC, % pred. 91+17 92+16 86+19 0.0132
FEV,/FVC 0.77£0.1 0.82+0.05 0.66+0.08 <0.001*
Post-BD spirometry
FEV,,L 2.59+0.77 2.83+£0.66 2.02+£0.7 <0.0012
FEV,, % pred. 98+19 103+16 85+21 <0.001*
FVC, % pred. 3.37+0.86 3.48+£0.82 3.1+£0.92 0.0022
FVC, % pred. 94+17 95+15 92+19 0.3022
FEVI/FVC 0.77+0.09 0.82+0.05 0.65+0.06 <0.0012
BDR (+), N (%)¢ 11 (4.9) 2(1.3) 9 (13.6) <0.001¢

Note: Data are presented as numbers (%) for categorical variables, or median (interquartile range) for non-parametric variables, or mean + SD for parametric variables.
Abbreviations: % pred., % of predicted value; BD, bronchodilation; BMI, body mass index; CAT, COPD assessment test; CDQ, COPD diagnostic questionnaire;
COPD-PS, COPD population screener questionnaire; FEV, forced expiratory volume in first second; FEV, forced expiratory volume in 6s; FVC, forced vital capacity;
LFQ, lung function questionnaire; PEFR, peak expiratory flow rate.

aIndependent t-test, COPD versus non-COPD.

bMann—Whitney U test, COPD versus non-COPD.

¢Chi-Square test, COPD versus non-COPD.

4BDR indicates brochoreversibility, defined by an increase in FEV, >200mL and > 12% from baseline after inhalation of 400 ug of salbutamol.

were categorised into low (score 0-13), middle (score 14-26), had a similar portion of non-COPD and COPD cases (77% vs.
and high (score 27-38) risk groups, with a corresponding 82%), indicating the need for a secondary tool to improve case
COPD incidence of 0% (0/26), 31% (54/175), and 52% (12/23), discrimination. Applying a microspirometer in the middle-
respectively (Figure 3A). Additionally, the middle-risk group risk group correctly identified 78% (42/54) of COPD cases but
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FIGURE1 | Diagnostic accuracy according to the ROC curve analysis. The ROC curves and pairwise comparisons are shown in the upper and

lower panels based on the questionnaires alone (A), handheld lung function devices alone (B), and systemic combinations of questionnaires and

handheld lung function devices (C), respectively. Statistical evaluations were performed using MedCalc. %PEFR, percent predicted peak expiratory
flow rate; %PEFR, percent predicted PERR; AUROC, area under the ROC; CAT, COPD assessment test; CDQ, COPD diagnostic questionnaire; CI,
conference interval; COPD-PS, COPD population screener; FEV,, forced expiratory volume in the first second; FEV, forced expiratory volume in six

seconds; LFQ, lung function questionnaire; PEFR, peak expiratory flow rate; ROC, receiver operating characteristic curve.

missed 22% (12/54) of COPD cases (Figure 3B). Based on this
observation, we proposed a two-staged, risk-stratified com-
bined modality (Figure 3C): first, submit all cases to CDQ.
Second, the low-risk group requires no further workup; the
middle-risk group should be tested using a microspirometer,
then submit those with FEV,/FEV,<0.76 to confirmatory
spirometry; the high-risk group directly undergoes confir-
matory spirometry. This strategy resulted in high predic-
tive performance (Figure 3D and Table 2), similar to FEV,/
FEV,. Moreover, compared with a single modality (Table 3),
this combined modality accurately diminished misdiagnosed
COPD patients (vs. LFQ or FEV,/FEV,). Additionally, using
a single modality significantly reduced costs and lung func-
tion test time compared to regular spirometry for all partici-
pants but risked missing some COPD cases depending on the
tool. FEV,/FEV, provided the best balance of benefits and
limitations. Combining modalities further improved cost-
effectiveness and reduced test time compared to FEV,/FEV,
alone (Table 3).

4 | Discussion

This study performed systemic comparisons of DA among the
five COPD case-finding tools. We first identified that the DA was
significantly higher in FEV,/FEV, (vs. PEFR) or FEV,/FEV,-
based (vs. PEFR-based) combinations, respectively. CDQ exhib-
ited the highest sensitivity, while the FEV,/FEV, presented the
largest specificity among the five case-finding tools. Based on
these findings, we showed that a two-staged, risk-stratified com-
bined modality using CDQ and FEV,/FEV, could be an accu-
rate and cost-effective case-finding strategy. In addition, FEV,/
FEV,<0.76 can serve as the optimal cutoff value for using a mi-
crospirometer in Taiwan.

Recently, Schnieders et al. reported that LFQ acted as a
slightly more robust tool, followed by CDQ and COPD-PS
in a systemic review; however, the meta-analysis demon-
strated the contrary despite a lack of statistical significance
[19]. Direct comparisons can help clarify this issue, and cur-
rently available comparisons are summarised in Table S3 in
the Supporting Information. As to the DA, our data showed
indiscriminative AUROC values among the three question-
naires, which is consistent with the reports from Spyratos
et al. in Greece (AUROC 0.794-0.809) [20] and Bastidas et al.
in Columbia (AUROC 0.65-0.68) [34]; in contrast, Zhou found
a slightly higher DA in LFQ (AUROC 0.785) than that in
CDQ (AUROC 0.731) and COPD-PS (AUROC 0.745) in China
[35]. Although the statistical significance varies across these
four studies, the AUROC values are very close in each indi-
vidual study. These observations might be expected because
all three questionnaires evaluate four common aspects- age,
smoking intensity, phlegm, and dyspnoea- the key clues
suggesting COPD diagnosis based on the GOLD recommen-
dation [28]. Regarding the predictive performance, our data
showed that CDQ had the highest sensitivity, whereas LFQ
exerted the best specificity. However, these results were in-
consistent with previous studies (Table S3 in the Supporting
Information [20, 34, 35]). Surprisingly, the sensitivity, spec-
ificity, PPV, and NPV in each questionnaire (CDQ, LFQ, or
COPD-PS) largely varied across these studies. The different
clinical settings (community- vs. hospital-based participants)
and COPD incidence (10.9%-36.3%) might broadly impact the
questionnaires' predictive performance. Taken together, CDQ,
LFQ, and COPD-PS exhibit similar but unsatisfactory DA and
largely variable predictive performance. A secondary tool,
such as a handheld lung function device, is needed to improve
DA, and the selected questionnaire should be validated before
being widely used in their country.
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TABLE 2 | Predicted performance of different diagnostic modalities to detect undiagnostic COPD patients.

Best cutoff Youden % correct
value? Sensitivity Specificity PPV NPV index NNS classification®

Questionnaire alone

CDQ >19 0.86 0.46 0.40 0.89 0.33 3.4 58

LFQ <14 0.39 0.87 0.57 0.78 0.27 2.9 73

COPD-PS >5 0.59 0.67 0.43 0.80 0.26 4.4 65

CAT >3 0.83 0.36 0.35 0.84 0.19 5.2 50
Handheld lung function device alone

PEFR, L/min <450 0.73 0.77 0.57 0.87 0.50 2.3 76

FEVl/FEV6 <0.76 0.79 0.87 0.72 0.91 0.66 1.6 85
Combined modality (a proposed two-staged strategy)

CDQ plus Algorism in 0.82 0.84 0.68 0.92 — 1.7 83

FEV,/FEV, Figure 3C

Note: Refer to Table 1 for other abbreviations.

Abbreviations: NNS, numbers needed to screen; NPV, negative predictive value; PEFR, peak expiratory flow rate; PPV, positive predictive value.

Indicates the best cutoff value determined by the Youden index.
bIndicates true positive plus true negative rate.

In this study, either the PEFR or microspirometer alone ex-
erted higher DA than any questionnaire alone (Figure 2), con-
sistent with recent reviews' reports [17, 19]. The meta-analysis
by Zhou et al. reported a high pooled DA (AUROC 0.91) and
predictive performance (sensitivity 0.85, specificity 0.85) from
31 studies that applied various handheld lung function devices
to measure PEFR, FEV,/FEV,, and FEV,/FVC [36]. However,
only scarce studies (summarised in Table S4 in the Supporting
Information) concurrently examined PEFR and FEV,/FEV,
in an individual study, and direct compassions of DA are
lacking to date [37, 38]. Similar to questionnaires, PEFR and
FEV,/FEV, exhibited significant variations in sensitivity
and specificity in these studies (Table S4 in the Supporting
Information). Again, this inconsistency might result from dif-
ferent clinical settings and COPD incidence. In this study, we
first demonstrated that the FEV,/FEV, had higher DA than
PEFR, which is consistent with the results of indirect com-
parisons in a meta-analysis [36]. Although PEFR, FEV,, and
FEV, are all effort-dependent, PEFR examines the maximal
flow rate soon (usually <0.5s) after initiating a forced expi-
ration, which may not fully capture the degree of airflow lim-
itation and easily leads to considerable variability. In contrast,
the FEV,/FEV, provides a more comprehensive assessment of
airflow obstruction by measuring the proportion of exhaled
volume during different periods. Moreover, a reduced PEFR
has less discrimination between obstructive and restrictive
lung abnormalities, and the diagnosis of COPD remains de-
pendent on post-bronchodilation FEV,/FVC <0.7 based on
the GOLD recommendation [16]. Recently, the FEV, has been
regarded as a simplified alternative to an FVC manoeuvre
[39,40]. The FEV,/FEV, could be as reliable as the FEV,/FVC
ratio to detect airway obstruction, but the pre-bronchodilation
FEV,/FEV, cutoff values largely varied, ranging from 0.70 to
0.80 across different studies [17, 19, 36]. Overall, a handheld
lung function device measuring the FEV,/FEV, effectively de-
tects undiagnosed COPD, but every country should establish

its cutoff value. FEV,/FEV,<0.76 is validated in Taiwan for
future clinical application.

Indirect comparisons across studies have been reviewed re-
garding the DA of combining different tools [17, 19]. Lin et al.
found that combining PEFR and different questionnaires had
higher DA than either alone [17], and Schnieders et al. reported
that combining a microspirometer and a questionnaire was
as capable as a microspirometer alone [19]. In this study, we
first demonstrated discriminative DA by directly comparing
different combined modalities (Figure 2C). Interestingly, no
difference existed among the different PEFR-based or FEV,/
FEV,-based combinations, but FEV,/FEV, ratio-based combi-
nations are superior to PEFR-based combinations. These results
indicate a handheld lung function device, irrespective of any
combined questionnaire, plays an essential role in determining
DA, and applying a device measuring FEV,/FEV, rather than
PEFR can improve DA.

In addition to DA, the cost-effectiveness of a diagnostic mo-
dality is another concern. Soriano et al. reported that a diag-
nostic modality using the COPD-PS and PEFR could reduce
90% of spirometry tests if they only submit those with either
or both tests positive to spirometry [41]. In this study, since
the FEV, FEV,-based combined modality can improve DA,
choosing an adequate questionnaire based on its diagnos-
tic characteristics becomes an important issue. A higher-
sensitivity questionnaire has fewer misdiagnosed cases but at
a higher cost of confirmatory tests, such as CDQ, in our data
(Figure 2A, Table 3). In contrast, a questionnaire with higher
specificity results in more misdiagnosed cases but saves more
diagnostic costs, such as LFQ (Figure 2B, Table 3). Although
the FEV,/FEV, alone can somewhat balance questionnaires’
drawbacks by reducing misdiagnosed cases (vs. LFQ) and sav-
ing more spirometry costs (vs. CDQ) (Figure 2C, Table 3), this
strategy still needs lots of effort and expenses in submitting
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Total Total
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FIGURE 2 | Distributions of study participants based on the cutoff values and COPD diagnosis in CDQ (A), LFQ (B), FEV,/FEV, (C), and PEFR

(D). Refer to Figure 1 for abbreviations.
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CDQ score range
Cc D
Undiagnosed cases Patient numbers categorized by left screening
algorism and diagnosis of COPD
Non- COPD subtotal

Stage 1: CDQ €DQ 013 €DQ 14 - 26 CDQ 27 - 38 COPD

Algorism (+) 26 54 80
Stage 2: Microspirometerl No further tests | | Fev.Fev, <076 ” FEV,/FEV, 2 0.76 | )

Algorism (-) 132 12 144

v

| Confirmatory spirometry

| subtotal 158 66 224

FIGURE 3

| Development of the two-staged, risk-stratified COPD case-finding strategy based on the study findings. The distributions of study

participants are shown based on the CDQ score alone (A) or combined CDQ score and FEV,/FEV (B). Therefore, we propose the two-staged, risk-
stratified diagnostic flow (C) and tabulate the diagnostic results following this algorithm (D).

all participants to a microspirometer. Compared with the
FEV,/FEV, alone, our two-staged risk-stratified combined
modality further reduced misdiagnosed COPD patients and
saved more lung function medical expense and operating
time (Table 3). Our risk-stratified concept is similar to an-
other combined modality reported by Martinez et al. in the US
[27]. They developed the novel CAPTURE questionnaire and
classified the risk levels by the CAPTURE scores (low: 0-1;
middle: 2-4; high 5-6) or by PEFR (high: males <350L/min,
females <250L/min) to identify clinically significant COPD
(those with FEV, <60% predicted and/or exacerbation risk).
They concluded that those with middle scores should measure
PEFR and those presenting high or middle scores with low
PEFR should undergo spirometry.

Regular spirometry, although accurate, often consumes signifi-
cant medical resources and yields a low diagnostic rate, making
it inefficient for widespread COPD detection [14]. Case-finding
strategies utilising single tools, such as questionnaires or hand-
held lung function devices, offer cost-effective alternatives with
optimal or suboptimal diagnostic accuracy depending on the tool
used, and handheld lung function devices generally outperform
questionnaires in this regard [18, 38, 42, 43]. Notably, compared
to single-tool approaches, combined modalities further enhance
diagnostic performance and cost-effectiveness by improving the
identification of undiagnosed COPD cases [38, 43]. Our findings
(Table 3) align with these reports. Consequently, the proposed
strategy provides feasibility for broader implementation, partic-
ularly in resource-limited settings.
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In this study, we enrolled symptomatic patients, in whom
most of the newly diagnosed COPD patients had mild ob-
struction levels (GOLD stage I 58%). It might be argued that
these case-finding tool-detected patients’ medication options
and benefits have not been well-established. Recently, Aaron
et al. have demonstrated that in undiagnosed, symptomatic
patients, CDQ-detected COPD patients might benefit from
pulmonologist-directed treatment by improving symptoms,
lung function, and life quality and reducing healthcare util-
isation for respiratory illness compared with usual care from
a PC practitioner over 1-year follow-up [44]. Therefore, a
symptom-driven case-finding strategy might benefit early
COPD detection and health promotion.

The strength of this study is that we performed systemic com-
parisons of DA among five case-finding tools and reasonably
established our case-finding strategy. There are also some lim-
itations. First, nearly 90% of study participants and COPD cases
were male, reflecting Taiwan's significantly higher smoking
prevalence among men (male-to-female ratio~9-10:1, per a na-
tionwide health survey) and smoking-related COPD prevalence
(ratio~9:1, per a nationwide COPD survey [13]). Details are in
the Supporting Information. This gender imbalance may bias
findings and limit the generalizability of the case-finding strat-
egy to other countries. Second, the optimal PEFR must vary be-
tween different genders. The female participants were limited;
thus, the optimal cut-off value of female PEFR requires more
female participants to establish if applying PEFR as a case-
finding tool. Similarly, the optimal cut-off value for the FEV,/
FEV, for females could also require more female participants.
Third, this strategy is based on a smoking population and may
overlook COPD cases in non-smokers, highlighting the need for
an alternative approach. Fourth, this strategy was developed in
amedical centre, where COPD prevalence may be higher than in
PC, even though 93% of participants were community-based and
similar to a typical PC population. This setting may introduce a
bias toward higher sensitivity compared to real-world PC. Fifth,
it is acknowledged that this two-staged strategy has been de-
rived in this cohort of patients, where it seems to perform well;
however external validation with a separate cohort is required.

In conclusion, this study aligns with the conclusions of a recent
review by Aaron SD et al. that using combined tools has shown
better DA than either tool alone. Combining a questionnaire and
a handheld lung function device is a more effective strategy for
identifying individuals at increased risk for COPD. However,
questionnaires used alone are still valuable tools for predict-
ing COPD [12]. Handheld lung function devices, rather than
questionnaires, play a crucial role in determining DA, and the
FEV,/FEV, is better than PEFR. A two-staged, risk-stratified
combined modality using CDQ and FEV,/FEV, can be an accu-
rate and cost-effective case-finding strategy for COPD detection.
This strategy deserves further validation and implementation in
PC to detect at-risk, undiagnosed COPD in Taiwan.

Author Contributions

Po-Chun Lo: conceptualization (equal), data curation (lead), for-
mal analysis (equal), investigation (equal), writing — original draft
(lead). Hsin-Kuo Ko: formal analysis (lead), investigation (equal),

methodology (equal), writing — original draft (equal). Kun-Ta Chou:
investigation (equal), methodology (lead), visualization (lead), writing
- original draft (equal). Yi-Han Hsiao: data curation (equal), investi-
gation (equal), software (equal), visualization (equal). Diahn-Warng
Perng: conceptualization (equal), formal analysis (lead), methodology
(lead), writing - review and editing (equal). Kang-Cheng Su: con-
ceptualization (lead), funding acquisition (lead), investigation (lead),
methodology (equal), project administration (lead), writing - review
and editing (lead).

Ethics Statement

This study was performed in accordance with the Declaration of Helsinki.
This human study was approved by the Institutional Review Board, Taipei
Veterans General Hospital—approval: 2017-07-006C. All adult partici-
pants provided written informed consent to participate in this study.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data generated or analyzed during this study are available from the
corresponding author upon reasonable request.

References

1. R. Lozano, M. Naghavi, K. Foreman, et al., “Global and Regional Mor-
tality From 235 Causes of Death for 20 Age Groups in 1990 and 2010:
A Systematic Analysis for the Global Burden of Disease Study 2010,”
Lancet 380 (2012): 2095-2128.

2. C. E. Rycroft, A. Heyes, L. Lanza, and K. Becker, “Epidemiology of
Chronic Obstructive Pulmonary Disease: A Literature Review,” Inter-
national Journal of Chronic Obstructive Pulmonary Disease 7 (2012):
457-494.

3. World Health Organization, “Chronic Obstructive Pulmonary Dis-
ease (COPD),” 2023, https://www.who.int/news-room/fact-sheets/de-
tail/chronic-obstructive-pulmonary-disease-(copd).

4.R. A. Wise and D. P. Tashkin, “Preventing Chronic Obstructive Pul-
monary Disease: What Is Known and What Needs to Be Done to Make
a Difference to the Patient?,” American Journal of Medicine 120 (2007):
S14-S22.

5.D.M. Mannino, R. C. Gagnon, T. L. Petty, and E. Lydick, “Obstructive
Lung Disease and Low Lung Function in Adults in the United States:
Data From the National Health and Nutrition Examination Survey,
1988-1994,” Archives of Internal Medicine 160 (2000): 1683-1689.

6. L. Shahab, M. J. Jarvis, J. Britton, and R. West, “Prevalence, Diagno-
sis and Relation to Tobacco Dependence of Chronic Obstructive Pul-
monary Disease in a Nationally Representative Population Sample,”
Thorax 61 (2006): 1043-1047.

7. M. Bednarek, J. Maciejewski, M. Wozniak, P. Kuca, and J. Zielinski,
“Prevalence, Severity and Underdiagnosis of COPD in the Primary Care
Setting,” Thorax 63 (2008): 402-407.

8. B. Lamprecht, J. B. Soriano, M. Studnicka, et al., “Determinants of
Underdiagnosis of COPD in National and International Surveys,” Chest
148 (2015): 971-985.

9. T. Takahashi, M. Ichinose, H. Inoue, K. Shirato, T. Hattori, and T.
Takishima, “Underdiagnosis and Undertreatment of COPD in Primary
Care Settings,” Respirology 8 (2003): 504-508.

10. A. Casas Herrera, M. Montes de Oca, M. V. Lopez Varela, et al.,
“COPD Underdiagnosis and Misdiagnosis in a High-Risk Primary Care
Population in Four Latin American Countries. A Key to Enhance Dis-
ease Diagnosis: The PUMA Study,” PLoS One 11 (2016): e0152266.

501


https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd)
https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd)

11. T. Ho, R. P. Cusack, N. Chaudhary, I. Satia, and O. P. Kurmi, “Under-
and Over-Diagnosis of COPD: A Global Perspective,” Breathe 15 (2019):
24-35.

12. N. Diab, A. S. Gershon, D. D. Sin, et al., “Underdiagnosis and Overdi-
agnosis of Chronic Obstructive Pulmonary Disease,” American Journal
of Respiratory and Critical Care Medicine 198 (2018): 1130-1139.

13. S. L. Cheng, M. C. Chan, C. C. Wang, et al., “COPD in Taiwan: A
National Epidemiology Survey,” International Journal of Chronic Ob-
structive Pulmonary Disease 10 (2015): 2459-2467.

14. U. S. P. S. T. Force, A. L. Siu, K. Bibbins-Domingo, et al., “Screening
for Chronic Obstructive Pulmonary Disease: US Preventive Services
Task Force Recommendation Statement,” Journal of the American Med-
ical Association 315 (2016): 1372-1377.

15.U. P. S. T. Force, C. M. Mangione, M. J. Barry, et al., “Screening for
Chronic Obstructive Pulmonary Disease: US Preventive Services Task
Force Reaffirmation Recommendation Statement,” Journal of the Amer-
ican Medical Association 327 (2022): 1806-1811.

16. A. Agusti, B. R. Celli, G. J. Criner, et al., “Global Initiative for
Chronic Obstructive Lung Disease 2023 Report: GOLD Executive Sum-
mary,” Archivos de Bronconeumologia 59 (2023): 232-248.

17.C. H. Lin, S. L. Cheng, C. Z. Chen, C. H. Chen, S. H. Lin, and H.
C. Wang, “Current Progress of COPD Early Detection: Key Points and
Novel Strategies,” International Journal of Chronic Obstructive Pulmo-
nary Disease 18 (2023): 1511-1524.

18. S. D. Aaron, M. Montes de Oca, B. Celli, et al., “Early Diagnosis and
Treatment of Chronic Obstructive Pulmonary Disease: The Costs and
Benefits of Case Finding,” American Journal of Respiratory and Critical
Care Medicine 209 (2024): 928-937.

19. E. Schnieders, E. Unal, V. Winkler, et al., “Performance of Alter-
native COPD Case-Finding Tools: A Systematic Review and Meta-
Analysis,” European Respiratory Review 30 (2021): 200350.

20. D. Spyratos, A. B. Haidich, D. Chloros, D. Michalopoulou, and L. Si-
chletidis, “Comparison of Three Screening Questionnaires for Chronic
Obstructive Pulmonary Disease in the Primary Care,” Respiration 93
(2017): 83-89.

21. M. Llordés, E. Zurdo, A. Jaén, I. Vazquez, L. Pastrana, and M. Mirav-
itlles, “Which Is the Best Screening Strategy for COPD Among Smokers
in Primary Care?,” COPD 14 (2017): 43-51.

22. P. Frith, A. Crockett, J. Beilby, et al., “Simplified COPD Screening:
Validation of the PiKo-6° in Primary Care,” Primary Care Respiratory
Journal 20 (2011): 190-198.

23. A.J. Stanley, I. Hasan, A. J. Crockett, O. C. van Schayck, and N.
A. Zwar, “COPD Diagnostic Questionnaire (CDQ) for Selecting At-
Risk Patients for Spirometry: A Cross-Sectional Study in Australian
General Practice,” npj Primary Care Respiratory Medicine 24 (2014):
14024.

24.B. P. Yawn, D. W. Mapel, D. M. Mannino, et al., “Development of
the Lung Function Questionnaire (LFQ) to Identify Airflow Obstruc-
tion,” International Journal of Chronic Obstructive Pulmonary Disease
5(2010): 1-10.

25. M. Fujita, K. Nagashima, S. Takahashi, K. Suzuki, T. Fujisawa, and
A. Hata, “Handheld Flow Meter Improves COPD Detectability Regard-
less of Using a Conventional Questionnaire: A Split-Sample Validation
Study,” Respirology 25 (2020): 191-197.

26.K. C. Su, H. K. Ko, K. T. Chou, et al., “An Accurate Prediction
Model to Identify Undiagnosed At-Risk Patients With COPD: A Cross-
Sectional Case-Finding Study,” npj Primary Care Respiratory Medicine
29 (2019): 22.

27.F. J. Martinez, D. Mannino, N. K. Leidy, et al., “A New Approach
for Identifying Patients With Undiagnosed Chronic Obstructive Pulmo-
nary Disease,” American Journal of Respiratory and Critical Care Medi-
cine 195 (2017): 748-756.

28. C. F. Vogelmeier, G. J. Criner, F. J. Martinez, et al., “Global Strategy
for the Diagnosis, Management, and Prevention of Chronic Obstructive
Lung Disease 2017 Report. GOLD Executive Summary,” American Jour-
nal of Respiratory and Critical Care Medicine 195 (2017): 557-582.

29. A. J. Stanley, 1. Hasan, A. J. Crockett, O. C. van Schayck, and N. A.
Zwar, “Validation of the COPD Diagnostic Questionnaire in an Austra-
lian General Practice Cohort: A Cross-Sectional Study,” Primary Care
Respiratory Journal 23 (2014): 92-97.

30. L. Sichletidis, D. Spyratos, M. Papaioannou, et al., “A Combination
of the IPAG Questionnaire and PiKo-6(R) Flow Meter Is a Valuable
Screening Tool for COPD in the Primary Care Setting,” Primary Care
Respiratory Journal 20 (2011): 184-189.

31. C. Z. Chen, C. C. Sheu, S. L. Cheng, et al., “Performance and Clin-
ical Utility of Various Chronic Obstructive Pulmonary Disease Case-
Finding Tools,” International Journal of Chronic Obstructive Pulmonary
Disease 16 (2021): 3405-3415.

32.N. A. Hanania, D. M. Mannino, B. P. Yawn, et al., “Predicting Risk of
Airflow Obstruction in Primary Care: Validation of the Lung Function
Questionnaire (LFQ),” Respiratory Medicine 104 (2010): 1160-1170.

33.J. Thorn, B. Tilling, K. Lisspers, L. Jorgensen, A. Stenling, and G.
Stratelis, “Improved Prediction of COPD in At-Risk Patients Using Lung
Function Pre-Screening in Primary Care: A Real-Life Study and Cost-
Effectiveness Analysis,” Primary Care Respiratory Journal 21 (2012):
159-166.

34. A. R. Bastidas, E. Tuta-Quintero, J. S. Arias, et al., “Comparison of
the Diagnostic Performance of Five Clinical Questionnaires for Chronic
Obstructive Pulmonary Disease,” Canadian Respiratory Journal 2023
(2023): 2821056.

35.J. Zhou, N. Yu, X. Li, and W. Wang, “Accuracy of Six Chronic Ob-
structive Pulmonary Disease Screening Questionnaires in the Chinese
Population,” International Journal of Chronic Obstructive Pulmonary
Disease 17 (2022): 317-327.

36.J. Zhou, X. Li, X. Wang, N. Yu, and W. Wang, “Accuracy of Porta-
ble Spirometers in the Diagnosis of Chronic Obstructive Pulmonary
Disease—A Meta-Analysis,” npj Primary Care Respiratory Medicine 32
(2022): 15.

37.Y.T. Thorat, S. S. Salvi, and R. R. Kodgule, “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 Primary
Care Respiratory Medicine 27 (2017): 32.

38.Z.Pan, A.P. Dickens, C. Chi, et al., “Accuracy and Cost-Effectiveness
of Different Screening Strategies for Identifying Undiagnosed COPD
Among Primary Care Patients (>/=40Years) in China: A Cross-
Sectional Screening Test Accuracy Study: Findings From the Breathe
‘Well Group,” BMJ Open 11 (2021): e051811.

39.J.Y.Jing, T. C. Huang, W. Cui, F. Xu, and H. H. Shen, “Should FEV1/
FEV6 Replace FEV1/FVC Ratio to Detect Airway Obstruction? A Meta-
Analysis,” Chest 135 (2009): 991-998.

40. B. Lamprecht, L. Schirnhofer, F. Tiefenbacher, et al., “Six-Second
Spirometry for Detection of Airway Obstruction: A Population-Based
Study in Austria,” American Journal of Respiratory and Critical Care
Medicine 176 (2007): 460-464.

41.J. B. Soriano, J. Molina, and M. Miravitlles, “Combining Case-
Finding Methods for COPD in Primary Care: A Large, Two-Stage De-
sign Study,” International Journal of Tuberculosis and Lung Disease 22
(2018): 106-111.

42.S. M. Haroon, R. E. Jordan, J. O'Beirne-Elliman, and P. Adab, “Ef-
fectiveness of Case Finding Strategies for COPD in Primary Care: A
Systematic Review and Meta-Analysis,” npj Primary Care Respiratory
Medicine 25 (2015): 15056.

43.S. M. Martins, A. P. Dickens, W. Salibe-Filho, et al., “Accuracy
and Economic Evaluation of Screening Tests for Undiagnosed COPD

502

Respirology, 2025



Among Hypertensive Individuals in Brazil,” npj Primary Care Respira-
tory Medicine 32 (2022): 55.

44.8S. D. Aaron, K. L. Vandemheen, G. A. Whitmore, et al., “Early
Diagnosis and Treatment of COPD and Asthma—A Randomized,
Controlled Trial,” New England Journal of Medicine 390 (2024):
2061-2073.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

503



	A Two-Staged, Risk-Stratified Strategy Combining FEV1/FEV6 and COPD Diagnostic Questionnaire Acts as an Accurate and Cost-Effective COPD Case-Finding Method
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Design
	2.2   |   Study Participants
	2.3   |   Statistical Analysis

	3   |   Results
	3.1   |   Patient Characteristics
	3.2   |   Diagnostic Accuracy and Predictive Performance in a Single Modality
	3.3   |   Diagnostic Accuracy in Different Combinations
	3.4   |   Development of a Two-Staged, Risk-Stratified Combined Modality

	4   |   Discussion
	Author Contributions
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


