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a b  s t  r a  c t

Introduction:  The English PUMA questionnaire  emerges as  an effective  COPD case-finding  tool. We aimed

to use the  PUMA questionnaire  in combination with  peak  expiratory flow rate  (PEFR)  to improve  case-

finding efficacy in Chinese  population.

Methods:  This cross-sectional,  observational  study  included two  stages:  translating  English  to  Chinese

PUMA  (C-PUMA)  questionnaire  with  linguistic  validation  and psychometric evaluation, followed by

clinical validation.  Eligible  participants  (with  age ≥40 years,  respiratory symptoms, smoking history

≥10  pack-years)  were  enrolled  and  subjected  to three questionnaires  (C-PUMA, COPD assessment  test

[CAT],  and  generic health survey [SF-12V2]),  PEFR measurement,  and confirmatory  spirometry. The C-

PUMA  score and  PEFR were  incorporated into a PUMA-PEFR  prediction  model  applying  binary logistic

regression  coefficients  to estimate  the  probability  of COPD (PCOPD).

Results: C-PUMA  was finalized through  standard  forward–backward  translation processes and  confir-

mation  of good readability,  comprehensibility, and  reliability.  In  clinical validation,  240  participants

completed  the  study.  78/240 (32.5%) were  diagnosed  with  COPD.  C-PUMA  exhibited  significant validity

(correlated with  CAT or  physical component  scores of SF-12V2,  both  P <  0.05,  respectively). PUMA-PEFR

model  had  higher diagnostic  accuracy  than C-PUMA  alone (area  under  ROC  curve,  0.893  vs. 0.749,  P <  0.05).

The best  cutoff values  of C-PUMA  and PUMA-PEFR model  (PCOPD) were ≥6  and  ≥0.39,  accounting  for

a  sensitivity/specificity/numbers  needed to  screen of 77%/64%/3  and  79%/88%/2, respectively.  C-PUMA

≥5 detected  more  underdiagnosed  patients, up  to 11.5% (vs. C-PUMA  ≥6).

Conclusion:  C-PUMA is well-validated.  The PUMA-PEFR model  provides more accurate  and  cost-effective

case-finding efficacy  than C-PUMA  alone in at-risk,  undiagnosed  COPD patients. These  tools  can  be useful

to detect COPD early.

© 2024 The Author(s).  Published by  Elsevier  España, S.L.U. on  behalf  of SEPAR  This  is an open  access

article under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Chronic obstructive pulmonary disease (COPD) is the seventh

leading cause of poor health and the third leading mortality disease

worldwide.1 Despite increasing awareness of COPD burden, COPD

Abbreviations: C-PUMA, Chinese PUMA questionnaire; CAT, COPD assessment

test;  COPD, chronic obstructive lung disease; DA, diagnostic accuracy; FEV1 , forced

expiratory volume in the first second; FVC, forced vital capacity; MCS, mental com-

ponent  score; NNS, numbers needed to screen; NPV, negative predictive value; PC,

primary care; PCOPD ,  probability of COPD; PCS, physical component score; PEFR, peak

expiratory flow rate; PPV, positive predictive value; SF-12V2, short-form 12-item

health survey version 2; %PEFR, percent predicted peak expiratory flow rate.
∗ Corresponding author.
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remains highly underdiagnosed worldwide, ranging from 65% to

80% in the community,2 and a substantially high proportion of

underdiagnosis occurs in primary care (PC).3–5 Underuse of spirom-

etry is the strongest predictor for underdiagnosis.6 Low symptom

perception and insufficient awareness of risk  factors by the patients

and their clinicians are also important contributing factors.2,7

Additionally, a large-scale study (n  =  30,874) by Lamprecht et al. dis-

covered that COPD underdiagnosis was also associated with male

gender, younger age, never and current smoking, lower education,

no previous spirometry, and less severe airflow limitation.6 Hence,

an effective COPD case-finding strategy to identify at-risk persons

for confirmatory spirometry is urgently needed.

Currently, screening for COPD in  asymptomatic adults is  not

recommended by the US Preventive Services Task Force.8,9 How-

ever, case-finding for early COPD identification in  those with
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respiratory symptoms or exposure risks is  advocated.10 The lat-

ter often present to healthcare facilities, particularly in PC, where

are the optimal places to catch COPD early. Case-finding tools

in PC include questionnaires, handheld devices, or  a  combina-

tion of both.11,12 Symptom-based questionnaires, such as the

COPD diagnostic questionnaire,13,14 COPD Population Screener

questionnaire (COPD-PS),15,16 and lung function questionnaire,17

are commonly used tools. These questionnaires exerted a  poor

to fair diagnostic accuracy (DA, indicated by  the area under

the receiver operating characteristic curve [AUROC] =  0.64–0.71),

a wide range of sensitivity (63–91%), and specificity (45–70%).

Compared with questionnaires, case-finding tools using handheld

devices, such as simplified spirometers,14,16 or peak expiratory

flow meters18,19 exhibited better DA (AUROC = 0.80–0.88), similar

sensitivity (76–88%) and higher specificity (72–95%). Addition-

ally, combined questionnaires and handheld devices improved

DA (AUROC = 0.87–0.91).14,18,19 Taken together, questionnaires are

simple and sensitive but less specific case-finding tools. A ques-

tionnaire needs linguistic validation before being widely used in

people who speak different languages. Applying handheld devices

can elevate specificity and reduce the numbers needed to screen

(NNS). Different countries should establish their own case-finding

strategies.

Recently, the English PUMA questionnaire (7 items, score

0–9, higher scores indicating a higher diagnostic rate) has

emerged as a  new effective COPD case-finding tool with

acceptable DA and predictive performance (AUROC =  0.76, sensi-

tivity/specificity/NNS =  74%/65%/4 at the cutoff score ≥5) in Latin

American countries.20 Additionally, Au-Doung et al. reported that a

translated Chinese PUMA version (for Cantonese) exhibited similar

performance (AUROC = 0.753; sensitivity/specificity =  77%/63% at

the cutoff score ≥6) in Hong Kong.21 In Taiwan, a recent nationwide

telephone interview survey of the general population revealed that

COPD was largely underdiagnosed.22 Taiwan lacks an effective, val-

idated Chinese questionnaire for early identification of COPD so

far. Thus, Chinese PUMA (for Taiwanese) can be a  feasible solu-

tion. Additionally, monitoring peak expiratory flow rate (PEFR) is

widely used in PC for asthma control in Taiwan. The present study’s

primary objective was to form a  linguistically validated Chinese

PUMA (C-PUMA, Mandarin version) and examine its DA with or

without the combination of PEFR in  Taiwan. The other objectives

included the reliability and validity of C-PUMA and the predictive

performance of different diagnostic modalities.

Methods

Study Design

This cross-sectional, observational study was conducted in a

medical center in Taiwan, from December 2019 and April 2022.

The study comprised two stages (Fig. 1), including linguistic vali-

dation and psychometric evaluation based on the guideline23,24 to

form the finalized C-PUMA, which was applied for clinical valida-

tion in the targeted population (validation cohort). The linguistic

validation involved the translation of the English PUMA to  the tra-

ditional Chinese version and the adaption of Chinese culture. The

psychometric evaluation examined the reliability and validity of

the translated questionnaire. The targeted population was invited

to pulmonary outpatient clinics, where their demographic infor-

mation, questionnaires of C-PUMA, COPD assessment test (CAT,

Chinese version, licensed from the Mapi Research Trust organi-

zation), short-form 12-item health survey (SF-12V2, traditional

Chinese version 2, licensed from the QualityMetric Inc.), PEFR

measurements, and confirmatory post-bronchodilation spirome-

try were obtained (Fig. 2A).  All participants completed the study

Fig. 1. Framework for linguistic and clinical validation. C-PUMA: the finalized ver-

sion of the Chinese PUMA questionnaire; EnV1: English version 1; ChV0: Chinese

version 0, and so forth; PEFR: peak expiratory flow rate.

flow on the same day. This study was  approved by the Institutional

Review Board (approval number: 2019-05-009CC and 2019-08-

007AC). All participants signed informed consents.

Study Participants

The targeted population was at-risk persons without a  previous

diagnosis of COPD. They presented to our  medical center-affiliated

pulmonary clinics because of chronic respiratory symptoms (e.g.

cough, dyspnea, phlegm). These persons might come from the

community without any referrals or  being referred by non-

pulmonologists. They were enrolled if they met  all the following

criteria: aged ≥40 years; current or  ex-smokers with a  smoking

history of ≥10 pack-years, or ≥50 pipes/year, or ≥50 cigars/year,

and/or biomass smoke (wood or  coal, for cooking or heating)

exposure ≥100 h/year; reporting any respiratory symptoms. The

exclusion criteria are listed in Appendix A.  The PEFR was  mea-

sured using a  Mini-Wright peak flow meter (Micropeak, Micro

Medical Limited, Rochester, UK) before bronchodilation according

to the ERS recommendations.25 The best PEFR was adopted from

three correct blows when participants exerted maximal expira-

tory efforts in  a standing position. Spirometry measurement was in

accordance with the standards from the American Thoracic Soci-

ety/European Respiratory Society (Appendix A). The diagnosis of

COPD, stage of airflow limitation, and COPD grouping were based

on the 2017 Global Initiative for Chronic Obstructive Lung Disease

(GOLD) report.10

Translation and Formation of the Chinese PUMA Questionnaire

The original English PUMA questionnaire (Appendix B) was

translated to the Chinese versions using forward–backward trans-

lation methods with the assistance of the professional TransPerfect

Translations, Inc. (New York, USA). The translation process is  illus-

trated in  Fig. 1 and detailed in  Appendix A. The final format of

C-PUMA was determined after the pilot test.
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Fig. 2. Study flowchart of participants (A) and the distribution of participants categorized by the cutoff values of the PUMA questionnaire and peak expiratory flow rate (B).

An  abnormal CXR includes overt bronchiectasis (n = 6), interstitial lung disease (n = 5), pleural effusion (n  = 2), lobar infiltration (n =  4), pneumoconiosis (n = 1), and lung mass

(n  = 4). Questionnaires include a COPD assessment test, a  Chinese PUMA questionnaire (C-PUMA), and a short-form 12-item health survey, Chinese version 2. PUMA+ and

PEFR+  indicate C-PUMA scores ≥6 and PEFR <79% predicted value, respectively.

Table 1

Reliability and Validity of Translated Chinese PUMA in the Pilot Test and Validation Cohort.

Numbers Statistical Analysis Coefficient P-Value Grade Remark

Reliability

Test–retest

reproducibilitya

35 (pilot test) Pearson correlation 0.83 <0.001 Very strong Test 1  correlated with test 2

35  (pilot test) Intraclass correlation 0.90 <0.001 Excellent Test 1  correlated with test 2

Internal  consistencyb 35 (pilot test –  test 1) Cronbach’s  ̨ 0.64 – Moderate The average inter-correlation

among the C-PUMA items

35  (pilot test –  test 2) Cronbach’s  ̨ 0.72 – High

240 (validation cohort) Cronbach’s  ̨ 0.63 – Moderate

Validity

Concurrent validityc 240 (validation cohort) Spearman rho 0.25 <0.001 Weak C-PUMA correlated with CAT

Predictive validityd 240 (validation cohort) Spearman rho −0.30  <0.001 Weak C-PUMA correlated with

SF-12V2-PCS

240  (validation cohort) Spearman rho 0.24 0.711 C-PUMA correlated with

SF-12V2-MCS

CAT: COPD assessment test; MCS: mental component score; PCS: physical component score; SF-12V2: short-form 12-item health survey version 2.
a The  test–retest reproducibility, indicating the temporal stability of the translated PUMA (ChV2), reflected the extent to  which the participants’ responses remained

consistent  on different occasions.
b The internal consistency examined the homogeneity of the ChV2, which reflected whether the questionnaire items were consistent in measuring the same construct (the

probability of being diagnosed with COPD).
c The concurrent validity tested the associations of the  C-PUMA with accepted standards, such as CAT, for COPD-specific symptoms.
d The predictive validity indicates the  ability of C-PUMA to predict health status, such  as SF-12V2.

Reliability and Validity of the Translated PUMA Questionnaire

The reliability was examined by test–retest reproducibility and

internal consistency, and the validity was presented as concur-

rent and predictive validity.24 The details are  shown in  Table 1.

In the pilot test, the confusing wording was revised through

the face-to-face feedback from the first 10 respondents, and the

test–retest reproducibility was  examined in 35 eligible participants

who repeated to answer the draft Chinese PUMA (ChV2, Fig. 1)  one

or two weeks apart. Afterward, the C-PUMA format was  finalized.
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In the validation cohort, the concurrent validity tested the associ-

ations of the C-PUMA with accepted standards, such as the CAT,

because CAT is a  COPD-specific questionnaire representing symp-

tom  burdens,10 and CAT was reported to act as a COPD case-finding

tool.18,26 The predictive validity indicates the ability of C-PUMA

to predict health status, represented by the SF-12V2. The SF-12V2

measures generic health-related quality of life and is presented

with physical and mental component summaries (PCS and MCS,

respectively; higher scores indicate better health, Appendix A).

Combined Variables to Generate a COPD Prediction Model

A binary logistic regression model using the enter method was

applied to examine the independent variables related to COPD diag-

nosis and to generate an equation for estimating the probability

of COPD (PCOPD). Subsequently, a logit model was generated using

the independent variables to calculate PCOPD. The log odds ratio of

participants with or without COPD is expressed as follows:

ln

[

PCOPD

1 − PCOPD

]

= logit(PCOPD) =  f (x) =  ˇ0 + ˇ1X1 + ˇ2X2 + ·  · · + ˇiXi

where ˇ0 is the coefficient of the constant, and ˇi is the coeffi-

cient(s) of the independent variable(s) Xi. This equation can be

transformed as follows27:

PCOPD =
ef (x)

1 + ef (x)

where PCOPD can be directly calculated by  computer software, and

this model can serve as a case-finding tool.

Statistical Analysis

Based on the recent review for cross-cultural adaption and

psychometric validation research,24,28,29 and the epidemiological

data from our similar study,18 the sample size was  35 for the

pilot test and 240 for the validation cohort (Appendix A). The

test–retest reproducibility was examined by  the Pearson corre-

lation coefficient and the intraclass correlation coefficient (ICC,

deemed excellent between 0.75 and 0.9).29,30 The internal con-

sistency was determined by Cronbach’s  ̨ coefficient (moderate

if >0.5; high if >0.7).29 The concurrent and predictive validity

was determined by  Spearman’s rank correlation coefficient29,31

between the C-PUMA and CAT or SF-12V2, respectively.

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 eval-

uated by a Chi-square test. The performance of different diagnostic

modalities was determined and compared using AUROC analy-

sis. An AUROC of 0.6–0.7, 0.7–0.8, 0.8–0.9, and 0.9–1.0 indicates

poor, fair, good, and excellent DA, respectively.32 The best cutoff

value of different modalities was calculated using the Youden index

to determine the sensitivity, specificity, positive predictive value

(PPV), negative predictive value (NPV), and NNS. Statistical analy-

sis was performed using SPSS Statistics for Windows, Version 20.0

(IBM Corp., Armonk, NY, USA). The comparisons of AUROC values

were performed using MedCalc version 17.5.5 (MedCalc Software

bvba, Ostend, Belgium). A two-sided P-value <0.05 was  considered

significant.

Results

Linguistic Validation and Psychometric Evaluation of C-PUMA

During the translation process, the expert panels selected the

plainest Chinese expressions to maximize their readability and

comprehensibility. In the pilot test, the first 10 participants indi-

cated the ChV2 was  clear, easily understood, and had no comments

on its format during face-to-face feedback, and 35  participants

confirmed its reliability. Thereby, the C-PUMA format was final-

ized (Appendix C). The reliability and validity are summarized in

Table 1.

Patient Characteristics in the Validation Cohort

Two hundred eighty-six consecutive participants were invited,

and 240 completed the study (Fig.  2A) without missing data. Sev-

enty eight of 240 (32%) were newly diagnosed COPD patients,

who were categorized by stage I (37, 47%), II (34, 44%), and III

(7, 9%) or by group A (60, 77%), B (15, 19%), C (2, 3%) and D  (1,

1%),  respectively. Compared with non-COPD cases, COPD patients

were older and presented higher C-PUMA scores, more symp-

tom burdens (higher CAT and less SF-12-PCS scores), and lower

lung function parameters (Table 2). Based on the cutoff values

of C-PUMA and PEFR, the participants were categorized into four

subgroups: PUMA−/PEFR−,  PUMA+/PEFR−,  PUMA−/PEFR+, and

PUMA+/PEFR+ (Fig. 2B),  and their baseline characteristics were

shown in Table A1 in  Appendix A. The PUMA+/PEFR+ subgroup

identified the most COPD patients (43 of 78, 55%) and contained

the highest COPD proportion (43 of 49, 87.8%) across these four sub-

groups. Additionally, the majority of participants (132, 55%) directly

came from the community without any referrals, followed by refer-

rals from PC  (86, 35.8%) and from non-pulmonary clinics (22, 9.2%)

in the same hospital, respectively.

Diagnostic Accuracy and Predictive Performance of C-PUMA and

PEFR

C-PUMA demonstrated an acceptable DA (AUROC = 0.749)

(Fig. 3)  and the best cutoff score ≥6 (Table 3). Compared with

score ≥5, which was the best cutoff score reported by the original

English PUMA,20 score ≥6 demonstrated lower sensitivity, higher

specificity, less NNS (Table 3), and higher accuracy (true positive

plus true negative rate, 68.3% vs. 54.6%), but misdiagnosed more

COPD patients up to 11.5% (false negatives, 18 vs. 9,  Fig. 4A and B).

Looking deeply into the participants’ score distribution (Fig.  4C),

88.5% of COPD patients had scores ≥5, and 84.6% of non-COPD cases

presented scores ≤6. Interestingly, a  similar portion of COPD and

non-COPD cases had their scores overlapped (score 5–6: 43.6% vs.

46.3%; score 4–7: 75.6% vs. 79%). Compared with C-PUMA, PEFR

exhibited higher DA (Fig. 3) and predictive performance (Table 3)

with the cutoff value of percent predicted PEFR (% PEFR) <79%,

which value was  recently validated in another similar case-finding

study in Taiwan.18

Integrate PUMA and PEFR to form a  Prediction Model

The independent factors to  predict the diagnosis of  COPD are

listed in  Table A2 (Appendix A).  The univariate logistic regres-

sion indicated that age, smoking pack-years, best PEFR, %PEFR,

CAT, C-PUMA, and SF-12V2-PCS scores were significant variables.

Among these, collinearity existed in the following pairs: best

PEFR-%PEFR, C-PUMA-age, C-PUMA-smoking pack-years, C-PUMA-

CAT, C-PUMA-SF-12-PCS. Thus, we  adopted the C-PUMA score and

%PEFR for multivariate logistic regression, and both variables were

statistically independent and remained in the model (Table A1).

The logit model, which incorporated PUMA score and %PEFR into

a prediction model, namely the PUMA-PEFR model, was expressed

as follows:

logit(PCOPD)  = f  (x) = 4.274 +  (0.493 × PUMA) +  (−0.091 × %PEFR)

4
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Table  2

Baseline Characteristics in the Validation Cohort.

Total Non-COPD COPD P-Valuea

Numbers (%) 240 162 (68) 78 (32)

Age,  years 64 ± 12 61  ± 11  69 ± 11 <0.001

Male, n (%) 224 (93) 150 (93) 74 (95) 0.592

BMI  25.7 (23.7, 28.3) 26  (24.2, 28.7) 25.1 (23.1, 27.3) 0.186

Current smoker, n (%) 76 (32) 52  (32) 24 (31) 0.118

Smoking pack-years 34 (19, 50) 30 (16, 42) 41 (26, 56) 0.001

Biomass exposure, n (%) 16 (6.7) 8 (4.9) 8 (10.3) 0.165

Questionnaire score

C-PUMA 5 (4, 7) 5 (4, 6) 6 (6, 7) <0.001

CAT  4 (2, 6) 3 (1, 6) 4 (3, 8) <0.001

SF-12V2  PCS 63 (52, 68) 65  (58, 69) 53 (43, 65) <0.001

SF-12V2  MCS  88 (74, 97) 88  (71, 95) 88 (78, 99) 0.184

Peak flow meter

Best PEFR, L/min 460 (363, 530) 500 (440, 560) 330 (245, 400) <0.001

PEFR,  % pred. 91 (77, 104) 98  (89, 107)  70 (54, 81) <0.001

Pre-BD spirometry

FEV1 , L 2.45 ± 0.72 2.77 ± 0.54 1.79 ± 0.58 <0.001

FEV1 , % pred. 92 ± 21 101 ± 15  74 ± 21 <0.001

FVC,  L 3.31 ± 0.77 3.49 ± 0.69 2.93 ± 0.81 <0.001

FVC,  % pred. 92 ± 16 95  ± 13  86 ± 19 <0.001

FEV1/FVC ratio 74 ± 11 79  ± 5 61 ± 10 <0.001

Post-BD spirometry

FEV1 , L 2.54 ± 0.71 2.83 ± 0.55 1.93 ± 0.6 <0.001

FEV1 ,  % pred. 95 ± 20 103 ± 14  79 ± 20 <0.001

FVC,  L 3.42 ± 0.75 3.55 ± 0.69 3.16 ± 0.82 <0.001

FVC,  % pred. 95 ± 16 96  ± 15  93 ± 17 <0.001

FEV1/FVC ratio 74 ± 11 80 ± 5 61 ± 10 <0.001

Bronchoreversibility (+)b 28 (12) 4 (3) 24 (31) <0.001

Data are presented as numbers (%) for categorical variables, or median (interquartile range) for continuous non-parametric variables, or mean  ± SD for continuous parametric

variables.  BD: bronchodilation; BMI: body mass index; C-PUMA: Chinese PUMA questionnaire; CAT: COPD assessment test; FEV1: forced expiratory volume in first second;

FVC:  forced vital capacity; MCS: mental component score; PCS: physical component score; PEFR: peak expiratory flow rate; SF-12V2: short-form 12-item health survey

questionnaire; % pred.: percent predicted value.

The  bold words highlight the items with significant P values.
a P-value is estimated with Chi-square test for categorical variables, Mann–Whitney U test for continuous non-parametric variables, or t-test for continuous parametric

variables, respectively.
b Positive bronchoreversibility indicates an increase in FEV1 and/or FVC ≥200 mL and ≥12% of baseline level after bronchodilation.

Fig. 3. Diagnostic accuracy according to the  ROC curve analysis. The ROC curve and

AUROC value of the three diagnostic modalities in the validation cohorts. *P <  0.05,

vs. PUMA; #P < 0.05 vs. %PEFR. Statistical evaluations were performed using MedCalc.

ROC:  receiver operating characteristic curve; AUROC: area under the ROC; CI: confer-

ence  interval; %PEFR: percent predicted peak expiratory flow  rate; PCOPD: probability

of COPD.

The aforementioned equation was  transformed as follows:

PCOPD =  exp

[

4.274  + (0.493  × PUMA) + (−0.091  ×  %PEFR)

1 + exp[4.274 + (0.493  × PUMA) +  (−0.091  × %PEFR)]

]

The estimated PCOPD can be readily calculated by entering the

two  variables into preset computer software, as demonstrated in

Table 4.  The AUROC comparisons indicated that the PUMA-PEFR

model (PCOPD)  exhibited the best DA (Fig. 3). The best cutoff value

for the PUMA-PEFR model is  PCOPD ≥0.39, accounting for high accu-

racy (85.4%, Appendix A, Fig. A2) and good predictive performance

(Table 3).

Discussion

The present study applied the standard forward–backward

translation processes to form the C-PUMA, followed by  confirma-

tion of reliability, validity, and clinical performance. C-PUMA alone

showed fair DA,  which was  enhanced by the PUMA-PEFR prediction

model. These tools might act as effective COPD case-finding tools

in PC.

Linguistic validation and psychometric evaluation are necessary

before a  translated questionnaire is widely used in the targeted

population. Although another Chinese PUMA questionnaire (HK-

PUMA, for Cantonese) was  reported by Au-Doung PLW et al. in Hong

Kong,21 the details of the validation process were not reported. In

the present study, excellent test–retest reproducibility (Table 1)

indicates that C-PUMA measures a  non-biased concept over time,

and moderate-to-high internal consistency reflects that each item

of C-PUMA constantly links to  COPD diagnosis. This process ensured

5
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Table  3

Predictive Performance of Different Diagnostic Modalities in the Validation Cohort.

Sensitivity Specificity PPV NPV Youden Index NNS

PUMA score (C-PUMA)

PUMA ≥4 97 17  36  93 0.15 3

PUMA ≥5 88 38  41  87 0.27 4

PUMA ≥6a 77 64 51 85 0.41 3

PUMA ≥7 45 85  58  76 0.29 3

PEFR predicted value

%PEFR <79%b 84 86  69  94 0.70 2

PUMA-PEFR prediction model

PCOPD ≥0.38 79 87  75  90 0.67 2

PCOPD ≥0.39a 79 88 77 90 0.68 2

PCOPD ≥0.40 77 88  76  89 0.65 2

C-PUMA: Chinese PUMA questionnaire; NNS: numbers needed to screen; NPV: negative predictive value; PCOPD: probability of COPD; PEFR: peak expiratory flow rate; PPV:

positive predictive value.

The bold words indicate the  optimal values determined in this study.
a Indicates the best cutoff value determined by  the Youden index.
b The cutoff value of %PEFR was based on our recent study, which had an  identical study design and similar participants.15

Fig. 4. Distributions of study participants based on the PUMA cutoff score of 5 (A), 6 (B),  and individual PUMA scores from 1 to 9 (C). The  proportion of summation numbers

in  participants with PUMA scores ranging from 5  to  6  and from 4 to 7 in COPD or non-COPD groups is  shown in the left upper corner of panel C.

Table 4

Case Demonstration in the PUMA-PEFR Prediction Model in the Validation Cohort.

Independent Variables PCOPD
a COPD Diagnosis Post-Bronchodilation Value

C-PUMA % PEFR FEV1/FVC % FEV1

Median value of different group

Non-COPD 5 98 0.102 No 0.80 103

COPD 6 70 0.703 Yes 0.61 79

Demonstration in selected cases from the validation cohort

Case 1 3 87 0.103 No 0.72 107

Case 2 3 49 0.785 Yes 0.64 73

Case 3 5 84 0.288 No 0.83 97

Case 4 5 79 0.694 Yes 0.61 89

Case 5 8 102 0.257 No 0.79 102

Case 6 8 66 0.901 Yes 0.69 96

% PEFR: percent predicted peak expiratory flow rate; PCOPD: probability of COPD.
a Entering the values of PUMA and %PEFR into a preset computer program immediately calculates the probability of COPD.
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that C-PUMA was qualified before use in clinical validation. Addi-

tionally, C-PUMA exhibited weak but significant association with

CAT (concurrent validity) and SF-12V2-PCS (predictive validity),

indicating C-PUMA potentially links to COPD-specific symptom

burdens and generic physical health status, respectively. Therefore,

the translated C-PUMA is  well-linguistically validated and suitable

for use in the Chinese population.

Currently, PUMA has been reported in Latin American countries

(original and externally validated English version),20,33 and in Hong

Kong (Chinese validation for Cantonese).21 Compared with these

PUMA studies (see the details in Table A3, Appendix A), our  study

had a similar study design except for the two major differences –

respiratory symptoms and study settings. It might be concerned

that in addition to  age and smoke (tobacco or biomass) exposure,

this study added respiratory symptoms to  the inclusion criteria. The

previous PUMA studies usually recruited subjects during routine

spontaneous or scheduled appointments unrelated to the study in

PC, irrespective of respiratory symptoms. However, the US Preven-

tive Services Task Force recommended against screening for COPD

in asymptomatic adults in 2016,8 which was reaffirmed in 2022.9 In

contrast, the GOLD guideline recommended case-finding in  symp-

tomatic patients.10 The present study was conducted in a  medical

center, and patients seldom presented to our pulmonologist clin-

ics without respiratory symptoms. Moreover, these symptomatic

patients might benefit from timely diagnosis and treatment. This

concept was proved in a  very recent multicenter, randomized, con-

trolled trial reported by  Aaron et al.34 They used a  case-finding

method to identify adults in  the community with respiratory symp-

toms without a previous diagnosis of COPD or  asthma. Patients with

confirmed diagnosis was assigned to  receive either pulmonologist-

directed treatment or usual care for 1 year. They found that the

interventional group had less healthcare utilization for respiratory

illness in comparison with the usual-care group. Therefore, res-

piratory symptoms might play an important role while initiating

a case-finding strategy for early COPD detection, and these case-

finding tool-detected patients had beneficial health outcomes from

pulmonologist care.

The other difference is  clinical settings. The impact of clinical

settings on the case-finding efficacy of any specific question-

naire has not been reported to  date. Interestingly, the DA of our

hospital-based PUMA study (AUROC 0.749) was  similar to that

in previously PC-based (AUROC 0.704–0.753) or population-based

(AUROC 0.734) studies (Table A3). As to predictive performance,

in terms of the best cutoff score/sensitivity/specificity, our  data

(≥6/77%/64%) are almost identical to  that in  the HK-PUMA cohort

(≥6/76.5%/63.3%).21 However, there are variations in sensitivity

(51.5–77%), specificity (62.1–81.6%), PPV (39.1–59.9%), and NPV

(63.3–88%) across these PUMA studies (Table A3). Different clin-

ical settings and COPD incidence (18.7–45.1%) are the possible

contributing factors. Collectively, PUMA exhibited similar DA but

variable performance, indicating PUMA can be reliably used in

English and Chinese populations, but different countries/regions

must establish their own cutoff value before being widely used.

In the present study, the best C-PUMA cutoff score is ≥6, which

had a more cost-effective NNS of 3 (vs. ≥5, NNS = 4), but at a cost

of missing more COPD patients up to 11.5%. Recently, CH Lin et al.

reviewed different case-finding approaches and found that COPD

incidence in PC ranged from 10% to 26% in those aged ≥40 years

with a smoking history.11 Considering the high incidence of COPD in

at-risk patients (e.g., 32% in  the present study and 48.8% in our  pre-

vious report18) and large underdiagnosis in the general population

in Taiwan,22 we  suggest the C-PUMA cutoff score ≥5 is appropriate

for generalized use in  PC to  reduce COPD underdiagnosis if apply-

ing C-PUMA alone. Similarly, the HK-PUMA study also proposed

that a cutoff score ≥5, which elevated sensitivity (91.2%) and NPV

(92.7%), was more suitable than the Youden index-determined cut-

off score ≥6 for their early detection strategy.21 Interestingly, the

best English PUMA cutoff score also varied between ≥5 and ≥6

(Table A3).20,33 This might be speculated based on our  data that

a substantial and equal portion of COPD and non-COPD cases had

their scores overlapped between this range. That is, the cutoff score

of 5 or 6 has limited discrimination between COPD and non-COPD

cases. Therefore, a secondary tool, such as PEFR, can enhance case

discrimination in  a  case-finding approach.

This study found that PEFR was more accurate than C-PUMA,

which was  consistent with the recent studies that reported PEFR

was  also better than different questionnaires.18,19,35 However, the

cutoff values of PEFR might largely vary across different stud-

ies, such as %PEFR <79%18 or  <80%,36 PEFR <350, or  <250 L/min

(for males and females, respectively).19 By contrast, COPD-PS was

found to be more accurate than PEFR (cutoff value ≤2.2 l/s  m2).37

These discrepancies might be ascribed to different peak flow

meters, clinical settings (PC vs. hospital), and various COPD

incidences (17.4–49%) (summarized in  Table A4, Appendix A).

Additionally, Perez-Padilla et al. reported that %PEFR ≥70% could

effectively exclude those with severe airflow limitation (FEV1 <50%

predicted).38 Jithoo et al. suggested using PEFR with appropri-

ate cutoff values could effectively reduce confirmatory spirometry

numbers.39 Take together, PEFR is a useful case-finding tool but

needs validation accordingly.

Combined various questionnaires and PEFR has been reported

to serve as effective case-finding approaches in  different study

designs. In Spain, Soriano et al. reported that  a  combined modal-

ity selecting those with COPD-PS score ≥4 and pre-bronchodilation

PEFR ≤2.2 l/s  m2 exhibited higher DA (AUROC 0.761) than that with

COPD-PS (AUROC 0.715) or PEFR (AUROC 0.664) alone. This com-

bined modality can reduce 90% of spirometry tests.37 In the US,

Martinez et al. developed the novel CAPTURE questionnaire and

classified the risk levels by scores (low: 0–1; middle: 2–4; high:

5–6)  or by PEFR (high: males <350 L/min, females <250 L/min) for

identification of clinically significant COPD (those with predicted

FEV1 <60% and/or exacerbation risk).19 They reported that the

combined modality resulted in the best DA (AUROC 0.9057), fol-

lowed by PEFR (AUROC 0.8783) and CAPTURE (AUROC 0.7954).

They concluded that those with middle scores should measure

PEFR and those with high scores or middle scores with low PEFR

should undergo spirometry. Identical case-finding protocol using

the translated Spanish CAPTURE plus PEFR in  those who spoke

Spanish replicated identical results.40 Following these case-finding

approaches, clinicians should independently evaluate two sepa-

rate parameters (questionnaire scores and PEFR) to determine who

should be subjected to confirmatory spirometry. This approach is

likely to miss COPD patients who lack symptom perception (less

symptom scores, such as case 2  in Table 4)  or  have preserved

or mildly impaired lung function (less PEFR reduction, such as

case 4 in  Table 4). A prediction model possibly minimizes this

risk. A prediction model can incorporate different factors into a

single number, which number represents an integrated evalua-

tion. Various COPD prediction models have been used to predict

the risks of underdiagnosis41,42 and the probability of diagnosis.18

Recently, we incorporated age, CAT scores, smoking pack-years,

and %PEFR to predict PCOPD.
18 This integrated model exhibited the

best DA (AUROC 0.866), compared to  CAT (AUROC 0.666) or %

PEFR (AUROC 0.832) alone. In  this study, the integrated PUMA-PEFR

model exhibited the best DA again. However, regarding combined

questionnaires and PEFR, the evidence of whether a prediction

model exerts better case-finding efficacy than evaluating two  inde-

pendent variables is lacking. Clinicians can develop their own

combined modality based on available tools.

The strength of this study is that C-PUMA was  well-translated

and validated before use in clinical validation. There are some lim-

itations. First, the data were driven in a medical center, not in  PC.
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Actually, the healthcare system in  Taiwan lacks mandatory referral

regulations, and any outpatient has the freedom to  visit any spe-

cialist in any hospital without a  referral.43 Therefore, in the present

study, 90.8% of participants came from the community, that is, our

data will be very similar to those generated in  PC. Nevertheless,

validation in genuine PC is required to expand its generalizability.

Second, a substantial portion of newly diagnosed COPD patients had

mild disease (group A 77% or  stage I 47%). Although new evidence

has shown that case-finding tool-detected patients might benefit

from specialist care,34 the optimal medication choice has not been

well-established.

Conclusions

Our data are in  line with the conclusions of a  recent review by

Aaron SD et al. that the use of combined tools has shown better diag-

nostic accuracy than either tool alone and that the combined use

of a questionnaire and a handheld device is a  more effective strat-

egy for identifying individuals at increased risk for COPD, although

questionnaires used alone are still valuable tools to predict COPD.12

In Taiwan, C-PUMA is well-linguistically and clinically validated.

The best cutoff score is ≥6. However, the cutoff score ≥5 is con-

sidered appropriate to  detect more undiagnosed COPD patients if

applying C-PUMA alone. Furthermore, the PUMA-PEFR prediction

model exhibits the best DA. Applying these new tools in PC can

provide an opportunity to reduce COPD underdiagnosis.
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