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This study aimed to validate the chronic obstructive pulmonary disease (COPD) Population
Screener (COPD-PS) questionnaire as a screening tool in a cohort of Chinese subjects who
underwent a health examination, and to summarise its overall performance through a meta-ana-
lysis. We enrolled 997 subjects aged >40years who underwent a health examination, both lung
function and COPD-PS data were collected. The screening performance of COPD-PS was eval-
uated with a receiver operating characteristic (ROC) curve analysis, using the area under the
curve (AUC) to assess the screening accuracy. A standard diagnostic meta-analysis was used to
summarise the screening performance of COPD-PS for COPD. Of the 997 subjects, 157 were
identified as having COPD. The COPD-PS score was significantly higher in COPD patients than
controls (5.03+5.11 vs. 2.72+1.80, p <.001). At a cut-off of 4, the sensitivity and specificity of
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COPD-PS for identifying COPD were 74.52 and 70.24%, respectively, with an AUC of 0.79. Eight
studies (including this study) were included in this meta-analysis. The pooled estimates for
COPD-PS were as follows: sensitivity of 0.66 (95% Cl: 0.47-0.63), specificity of 0.86 (95% Cl:
0.84-0.89), positive likelihood ratio of 3.00 (95% Cl: 1.65-5.47), negative likelihood ratio of 0.43
(95% Cl: 0.35-0.52) and diagnostic odds ratio of 7.24 (95% Cl: 3.91-13.40). The AUC of the sum-
mary ROC curve was 0.78. COPD-PS appears to be a useful tool for screening individuals with a
high risk of COPD and guiding the selection of individuals for subsequent spirometry
examination.

KEY MESSAGES

e COPD-PS is a simple and useful method to screen COPD.
e The combination of COPD-PS with other tools may improve the screen performance.

1. Introduction third leading cause of mortality in the USA [4]. The dir-
ect and indirect costs of COPD were about 32 billion
and 20.4 billion US dollars per year, respectively [4].

Considering the irreversible process of COPD, early

Chronic obstructive pulmonary disease (COPD) is a
common disease that involves persistent respiratory
symptoms and irreversible airflow limitation, and it is

raising great public concern worldwide [1,2]. Data
from a cross-sectional study in China revealed that the
overall prevalence of spirometry-defined COPD was
8.6%, corresponding to 99.9 million people with COPD
in China [3]. COPD is one of the most important
causes of mortality worldwide, and it poses heavy eco-
nomic and social burdens. In 2003, COPD was the

identification of subjects at high risk of COPD and
early diagnosis of COPD may help to improve the
comprehensive management of patients with COPD,
reduce symptoms, improve health status, prevent
acute exacerbations, and ultimately, reduce mortality.

A standard lung function test using spirometry is
the “gold standard” method to diagnose COPD [4].
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However, there are several challenges to lung function
test in China. First, there is a lack of equipment for
spirometry in China, with the equipment mainly being
located in tertiary hospitals rather than in hospitals of
all levels, and the quality of spirometry tests in tertiary
hospitals requires improvement [5,6]. Second, there is
no evidence that conducting spirometry tests to diag-
nose COPD in asymptomatic individuals improves
health-related quality of life, morbidity, or mortality, so
spirometry tests for early detection in the general
population without preselection of at-risk patients
may waste healthcare resources [7,8]. A simple ques-
tionnaire or tool may help to identify cases with a
high risk of airflow limitation, enhance the detection
rate of COPD, and optimise the allocation of med-
ical resources.

In 2008, a Clinician Working Group in the US devel-
oped a simple and self-administered questionnaire,
the COPD Population Screener (COPD-PS), to screen
for subjects in the general population at high risk of
COPD. It consists of an item on age, an item on cigar-
ette smoking, and three COPD-related items (breath-
lessness, productive cough and activity limitation) [9].
In recent years, COPD-PS has been validated in several
countries and it appears to be an adequate tool for
large-scale screening for COPD requiring further spir-
ometry testing [10,11]. As there is no report on the
utility of COPD-PS in Chinese, this study aimed to
investigate the screening performance of COPD-PS in
a Chinese cohort undergoing a health examination,
and to summarise the overall screening accuracy of
COPD-PS for identifying COPD cases using a
meta-analysis.

2. Patients and methods
2.1. Patients

Subjects who underwent a health examination at the
Health Management Centre of the Affiliated Hospital
of Zunyi Medical University (Zunyi, China) were pro-
spectively recruited between June and September
2020. Subjects aged >40years without known chronic
respiratory diseases (including bronchiectasis, asthma
and COPD) were enrolled. Subjects with acute respira-
tory symptoms or malignancies such as lung cancer
were excluded. All the subjects signed an informed
consent form. The study was approved by the Ethics
Committee of the Affiliated Hospital of Zunyi Medical
University (no. 2018-45) and was conducted based on
the principles outlined in the Declaration of Helsinki.
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2.2. Data collection

The subjects completed a simple questionnaire to col-
lect the following demographic and clinical data: age,
sex, cigarette smoking history, body mass index (BMI,
kg/m?), lung function with forced expiratory volume in
the first second (FEV,), forced vital capacity (FVC),
FEV,/FVC ratio and FEV,% Pred.

2.3. Spirometry examination

First, the subjects underwent a simple spirometry
examination (Medikro Pro spirometer, Medikro Oy,
Finland) focussed on lung ventilation function con-
ducted by well-trained technicians. Then, subjects with
pre-bronchodilator FEV,/FVC <0.7 underwent a stand-

ard post-bronchodilator  spirometry examination
(MasterScreen, CareFusion, Germany). COPD was
defined as post-bronchodilator FEV,/FVC <70%,

according to the Global Initiative for Chronic

Obstructive Lung Disease (GOLD) criteria [4].

2.4. COPD-PS questionnaire

The subjects completed the Chinese version of the
COPD-PS questionnaire by themselves. If they had any
questions on the questionnaire, a trained physician
helped them to complete it. The COPD-PS question-
naire consists of five items, three on COPD-related
symptoms (5-point scale), one on cigarette smoking
(3-point scale) and one on the subject’s age (four cate-
gories). These five items are then scored 0, 1 or 2 with
a summed total score ranging from 0 to 10 [9].
Calculation of the COPD-PS scores was performed by
two independent blinded investigators using predeter-
mined scoring criteria.

2.5, Statistical analysis

The data are presented as mean *standard deviation.
Intergroup differences were assessed for significance
using the Mann-Whitney U test. A receiver operating
characteristic (ROC) curve and the area under the ROC
curve (AUC) were used to assess the screening per-
formance of COPD-PS for COPD. Further, we deter-
mined the COPD-PS score cut-off associated with the
sensitivity and specificity optimising Youden’s index
[12]. The statistical analyses were performed in SPSS
21.0 (IBM Corp., Armonk, NY), and differences with
p < .05 were considered statistically significant.
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Table 1. Clinical characteristics of included subjects.

COPD Control p Value
Number 157 840
Age (year) 64.75+10.48 58.06+11.68 <.001
Gender
Male 112 452 <.001
Female 45 388
BMI 22.36+3.55 23.58 +£3.55 <.001
Lung function test
FEV1 (L) 1.56 +0.67 2.45+0.71 <.001
FVC (L) 2.63+0.89 3.09+0.86 <.001
FEV1/FVC (%) 57.71+8.86 79.56 £5.46 <.001
FEV1 Pred% 66.76 £22.12 99.51+£17.26 <.001
Smoking status
Never smoker 51 440 <.001
Ever smoker 39 113
Current smoker 67 288
GOLD stage
| 45 —
I 75 —
ln 27 —
\% 10 —
COPD-PS score 5.03+2.11 2.72+1.80 <.001

COPD-PS: chronic obstructive pulmonary disease population screener;
FEV;: forced expiratory volume in the first second; FVC: forced vital cap-
acity; GOLD: global initiative for chronic obstructive lung disease.
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Figure 1. Receiver operating characteristic (ROC) curve of the
use of COPD-PS to discriminate between COPD patients and
controls. COPD-PS: chronic obstructive pulmonary disease
population screener.

2.6. Meta-analysis

The meta-analysis was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement and methods rec-
ommended by the Cochrane Diagnostic Test Accuracy
Working Group [13]. We used PubMed, Scopus and
Web of Science to systematically identify studies on
COPD-PS published before July 2020. The following
search terms were used in each database: “Chronic
obstructive pulmonary disease”, “COPD”, “COPD-PS”,
“COPD Population Screener,”, “sensitivity”, “specificity”
and “accuracy”. We included original clinical research
articles that reported true positive (TP), false positive
(FP), false negative (FN) and true negative (TN) data
on the use of COPD-PS for identifying COPD. Only
articles published in English were considered. Two
reviewers (YG and YZ) independently evaluated the
studies initially based on the titles and abstracts and
subsequently based on the full text. They assessed the
quality of the included studies using a revised version
of QUADAS-2 [14].

We calculated pooled estimates of sensitivity, speci-
ficity, positive likelihood ratio (PLR), negative likelihood
ratio (NLR) and diagnostic odds ratio (DOR), along
with 95% confidence intervals (Cls). Heterogeneity
among the included studies was evaluated based on
Cochran’s Q test and /* examination, I> > 50% indi-
cated significant heterogeneity and a random effects
model was used to pool the data, and P < 50% indi-
cated low risk of heterogeneity then a fixed effects
model was used to pool the data [15,16]. The overall
screening performance of COPD-PS was assessed
based on the summary ROC (SROC) curve. Potential
publication bias was evaluated using Deeks’ test [17].
All meta-analysis procedures were performed by using
Stata 15.0 (Stata Corp., College Station, TX) and Meta-
DiSc 1.4 for Windows (XI, Cochrane Colloquium,
Barcelona, Spain) [18,19]. p <.05 indicated statistical
significance.

3. Results
3.1. Characteristics of the included subjects

There were 997 subjects included in this study, with
157 cases of COPD, corresponding to an incidence of

Table 2. Performance of COPD-PS in detecting COPD with various cut-off values.

Cut-off value Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%)
3 85.99 51.67 24.95 95.18
4 74.52 70.24 31.88 93.65
5 54,78 86.43 43.00 91.09
6 43.31 92.38 51.52 89.71
7 26.11 96.43 57.75 87.47




15.74%. The mean age of the subjects was
59.12+11.75years, and the percentage of males was
56.57% (564/997). In the COPD group, the patients
had a higher age (64.75+10.48 vs. 58.06+11.68,
p <.001), a higher percentage of males (71.34 vs.
53.81%, p <.001) and a higher percentage of current/
ever smokers (67.52 vs. 47.61%, p < .001) compared to
the control group. The numbers of COPD patients
with GOLD stages |, II, lll and IV were 45, 75, 27 and
10, respectively. The clinical characteristics of included
subjects are summarised in Table 1.

3.2. Screening performance of COPD-PS

The COPD-PS score was significantly higher in patients
with COPD than in subjects without COPD (5.03+2.11
vs. 2.72+1.80, p <.001). The COPD-PS score increased
with the GOLD stage (p <.001). A ROC curve was cre-
ated to summarise the screening performance of
COPD-PS for COPD, and the AUC was 0.79 (Figure 1).
As the cut-off was raised, the sensitivity of COPD-PS
decreased, while the specificity increased (Table 2). At
the optimum cut-off of four points, COPD-PS had a
sensitivity of 74.52% and a specificity of 70.24%.

3.3. Meta-analysis

Next, we performed a meta-analysis of a total of eight
studies (including this study) involving 1139 patients
with COPD and 13,555 controls [9,10,20-24]. These
studies were published from 2008 to 2018, across five
countries (two in the USA, two in Japan, two in Spain,
one in Greece and one in China). The subjects were
from primary care centres/hospitals (n =4), the general
population (n=3) and a health examination centre
(n=1). All the subjects underwent spirometry examin-
ation. The clinical characteristics of the patients are
listed in Table 3. The quality assessment of the
included studies is shown in Figure 2.

There was significant heterogeneity among
included studies with respect to the sensitivity P =
88.20%; p < .05) and specificity (> = 99.30%; p < .05).
Thus, the random effects model was chosen to pool
the data. The accuracy of COPD-PS for identifying
COPD was assessed, with pooled estimates of sensitiv-
ity of 0.66 (95% Cl: 0.47-0.63) (Figure 3), specificity of
0.86 (95% Cl: 0.84-0.89) (Figure 4), PLR of 3.00 (95%
Cl: 1.65-5.47), NLR of 0.43 (95% Cl: 0.35-0.52) and
DOR of 7.24 (95% Cl: 3.91-13.40) (Figure 5). The SROC
curve showed that the AUC was 0.78 and the Q value
was 0.71 (Figure 6). The results of fixed effect model
were also presented in Supplementary Material 1.

Table 3. Clinical summary of included studies.

Age
requirement

GOLD

Study

Cut-off P FP FN N

definition

COPD

Source of subjects

Control

(I/1/11v)

Year Country  COPD
NA

number

Author
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134
1607
17
31
143
2595
6293
590

30
50
27
10
21
155
22
40

48
597
144

15
157
288
546
250

74
17
86

83
103
196
108
117
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y care clinics
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Subjects underwent

GP/SS

Gene
Prima
Prima
Gene
Gene
Prima

182
2204
261
46
2883
6839
84

71/73/8/1
45/75/27/10
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153
101

7
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USA
Japan
Spain
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COPD: chronic obstructive pulmonary disease; FN: false negative; FP: false positive; GOLD: Global Initiative for Chronic Obstructive Lung Disease; TN: true negative; TP: true positive; NA: not available.
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Figure 2. Quality assessment of studies on COPD-PS. COPD-PS: chronic obstructive pulmonary disease population screener.
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Figure 3. Forest plot of sensitivity COPD-PS with random-effects model. The point estimates of sensitivity from each study are
shown as solid circles. Error bars indicate 95% Cls. COPD-PS: chronic obstructive pulmonary disease population screener.
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Pooled Specificity = 0.86 (0.85 to 0.86)
Chi-square = 1054.56; df= 7 (p = 0.0000)
Inconsistency (I-square) = 99.3 %

Figure 4. Forest plot of specificity of COPD-PS with random-effects model. The point estimates of specificity from each study are
shown as solid circles. Error bars indicate 95% Cls. COPD-PS: chronic obstructive pulmonary disease population screener.
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Figure 5. Forest plot of diagnostic odds ratio of COPD-PS with random effects model. The point estimates of specificity from
each study are shown as solid circles. Error bars indicate 95% Cls. COPD-PS: chronic obstructive pulmonary disease popula-

tion screener.

Although significant heterogeneity among included
studies was identified, a meta-regression analysis was
not performed to investigate the source of heterogen-
eity due to the limited number of included studies.
There was low likelihood of publication bias based on
Deeks’ funnel plot (p =0.37; Figure 7).

4, Discussion

Identifying a simple method to screen COPD is of
great importance to find COPD cases early and opti-
mise medical resource allocation, and thus improve
the management of patients. In this study, we vali-
dated COPD-PS in a Chinese cohort of health examin-
ation, and we also found that COPD-PS could play a
role in screening for COPD. These findings were fur-
ther confirmed by our meta-analysis.

The COPD-PS score was developed more than
10years ago and has not previously been validated in
a Chinese cohort. We performed a clinical study at a
health examination centre in West China, and the
results showed that the COPD-PS score is increased in
patients with COPD. ROC analysis suggested that
COPD-PS has the potential to identify COPD cases
(AUC = 0.79). With increasing cut-off values, the sensi-
tivity of COPD-PS score in screening for COPD
decreased. At a cut-off of 4, the sensitivity and specifi-
city of COPD-PS were 74.52 and 70.24%, respectively.
The positive predictive value is 31.88%, which means
that the probability that subjects with a positive
COPD-PS screening test truly have COPD is quite low.
The negative predictive value is 93.65%, which means
that among those who had a negative COPD-PS
screening test, the probability of being non-COPD was
as high as 93.65%. When compared with other studies,
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Figure 6. Summary receiver operating characteristic (SROC) curve of COPD-PS as a screening tool for COPD. COPD-PS: chronic
obstructive pulmonary disease population screener. Q: The maximum joint value of sensitivity and specificity of COPD-PS.
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the source of our subjects was from health examin-
ation centre at a tertiary care centre, not at primary
care, and the incidence of COPD was as high as
15.74%. Thus, whether our results are acceptable for
general population remains unclear. Additionally, in
this study, we removed subjects with acute respiratory
symptoms or malignant diseases, and how to screen
COPD or whether COPD-PS is useful for such a popula-
tion to remain unclear. Anyway, our results suggest
that COPD-PS is a useful tool for identifying subjects
at high risk of COPD.

The results of our meta-analysis of the screening
performance of COPD-PS also showed moderate
pooled estimates of sensitivity (0.66) and high specifi-
city (0.86). The SROC curve, which assesses overall
screening performance and depicts the trade-off
between sensitivity and specificity, indicated an AUC
of 0.78; Q value, the intersection point of the SROC
curve with a diagonal line from the left upper corner
to the right lower corner of the ROC space and corre-
sponding to the maximum joint value of sensitivity
and specificity for COPD-PS, is 0.71, both AUC and Q
value suggest a moderate accuracy. The DOR value
combines sensitivity and specificity data into a single
number ranging from 0 to infinity; higher DOR values
indicate better discriminatory performance. The mean
DOR in our meta-analysis was 7.24, suggesting that
COPD-PS is a useful COPD screening tool. Similarly,
the pooled PLR value (3.00) suggested that COPD
patients are approximately three times more likely to
have a positive COPD-PS result than controls. The
pooled NLR value (0.43) suggested that a subject has
a 43% likelihood of having COPD even with a negative
COPD-PS assessment. Importantly, COPS-PS is not a
tool for making a final diagnosis of COPD, it is a
screening tool to identify subjects at high risk of
COPD who may need further spirometry examination.
Based on the results of the meta-analysis, COPD-PS
may be a useful tool for large-scale screening for
COPD in the general population.

COPD-PS has several advantages. First, it is a simple
and easy to use tool; there was no significant differ-
ence in the mean COPD-PS score between internet-
based or paper and pencil-based methods, and the
predictive utility of COPD-PS did not differ between
methods of administration, even after accounting for
age and smoking status [25]. Second, COPD-PS can be
combined with other tools to improve the identifica-
tion of COPD cases. For example, Soriano et al.
reported that the combination of COPD-PS and peak
expiratory flow (PEF) measurements at recommended
thresholds in primary care is a useful, reliable strategy

ANNALS OF MEDICINE . 1205

for finding new COPD cases, leading to a 90% reduc-
tion in the number of spirometry tests performed [24].
COPD-PS combined with COPD-6 could potentially be
used by clinicians to identify individuals at risk of
COPD and to select patients for spirometry measure-
ment [26]. Thus, we suggest that COPD-PS should be
used with other tools, which may substantially reduce
the number of unnecessary spirometry tests. In add-
ition, it is important to note that COPD-PS is a tool to
screen for COPD, rather than to diagnose COPD; it
cannot replace spirometry to make a final diagnosis
of COPD.

This study has several limitations that should be
noted. First, we enrolled subjects who underwent a
health examination at a health examination centre in
a tertiary care centre, in the meta-analysis, two of the
studies only included smokers [22,23], these subjects
do not represent the general population, so the results
of this study should be interpreted with caution when
applied to general population, or subjects at primary
care, or subjects with specific smoke history. Second,
we only included eight studies in this meta-analysis,
which may not be enough to draw a final conclusion.
Third, although the results of Deeks' test suggested a
low possibility of publication bias, it cannot conclude
that there is no funnel asymmetry since only eight
studies were included this meta-analysis [27]. Last but
not least, we identified significant heterogeneity
among included studies, the performance of the
COPD-PS may be overestimated and should be treated
with caution. So, current findings should be validated
in more countries, location types (i.e. hospitals, etc.)
and target groups with specific conditions to fully
assess the role of COPD-PS as a screening tool.

In summary, COPD-PS is a simple tool that may be
useful for screening for COPD. The combination of
COPD-PS and other tools may help to improve screen-
ing performance for COPD.
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