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Background: Early diagnosis and treatment of chronic obstructive pulmonary disease (COPD) can
improve pulmonary function and reduce the incidence of exacerbations of acute COPD, thereby improving
the patient’s quality of life. In China, due to limited medical resources, COPD patients often cannot be
diagnosed and treated early, so the benefits of early screening of patients with COPD high risk still lack
effective supporting data.

Methods: Based on the data collected through the “Dual-lung screening initiative” performed by the
Datan Health Center in Fengning Manchu Autonomous County on July 12 and July 19, 2020, the patients
with COPD high risk who underwent early COPD screening were evaluated. The screened patients were
mainly smokers aged over 45 and those with long-term exposure to secondhand smoke, underlying lung
diseases, a family history of lung diseases, or respiratory symptoms. After filling out the COPD-population
screener (COPD-PS) questionnaire, those who had a score of above 5 were subjected to the portable
pulmonary function test. Subjects with a forced expiratory volume in 1 s/forced vital capacity (FEV,/
FVC) ratio <0.7 were diagnosed with COPD. A cost-effectiveness analysis model was applied to assess the
screening’s economic efficiency. The model was constructed through a combination of a decision tree and a
Markov model, which enabled the simulation of the disease progression of COPD high risk patients under
the condition of being screened or not being screened, to evaluate the incremental cost-effectiveness ratio
between the two conditions.

Results: A total of 700 questionnaires were issued for screening and 379 questionnaires were valid, and
92 patients were diagnosed with COPD (24.27%). The modeling results showed that among patients with
COPD high risk, those receiving early screening had an increase in quality-adjusted life years (QALYs) by 0.28
units over those who did not, and a cost of 6,366.19 Renminbi (RMB) would be needed, which was much
lower than the set willingness-to-pay threshold (70,888.99 RMB) [an equivalent of the 2019 per capita gross
domestic product (GDP)].

Conclusions: For COPD high risk patients, receiving early screening has a cost-effective advantage over

no screening. Therefore, early screening should be vigorously promoted to COPD high risk patients.
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Introduction

Chronic obstructive pulmonary disease (COPD) is
a preventable and treatable disease characterized by
continuous airflow limitation and incomplete reversibility
that leads to a series of complications. Besides, COPD has
been recognized as an independent risk factor for lung
cancer (1,2). Early diagnosis of COPD, i.e., the diagnosis in
the early stage of COPD when the patient does not manifest
any symptoms and the lung radiographic examination
does not show obvious emphysema changes, can slow the
pulmonary function decline, reduce the incidence of acute
exacerbation of COPD, and thereby improve the patient’s
quality of life, which are of great significance for COPD
treatment (3). In China, due to limited medical resources,
early diagnosis and treatment are often not accessible to
COPD patients, which has caused the very low awareness
rate and low early diagnosis rate of COPD patients in
China, especially in rural counties or other rural areas (4).
According to the China pulmonary health (CPH) study,
among the nearly 100 million COPD patients in China,
more than 50% live in rural counties. The diagnosis rate
and pulmonary function test rate of COPD patients in these
areas are lower than those of the patients in cities (5). The
low COPD awareness rate of residents of rural counties and
the uneven development between rural counties have made
the control of respiratory diseases particularly challenging
in these rural areas.

Pulmonary function testing is the gold standard for
the diagnosis of COPD. In primary medical institutions
and rural areas, it is difficult to conduct extensive testing
and early screening on the population due to the lack
of equipment and technical personnel. Thus, to find a
simple, efficient and accurate screening method to replace
pulmonary function testing to make a more accurate
screening of COPD in primary medical institutions and
rural areas has become the focus of attention of medical
workers. Portable pulmonary function tester and COPD
screening questionnaire were two major methods for
COPD screening in rural areas at present (6-8). However,
there are still some shortcomings such as uncertain
screening standards, unstable screening population and
weak pertinence. Therefore, we attempted to first screen
for the high-risk factors for COPD in a primary screening,
which was followed by targeted pulmonary function testing
using a pulmonary function instrument. This strategy aimed
not only to improve the detection rate of COPD but also to
reduce the cost of examinations and would thus be beneficial
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to the early diagnosis and management of COPD. We
evaluated the economics of early screening for COPD high
risk patients by analyzing the data collected by the Datan
Health Center of Fengning Manchu Autonomous County
during the “Dual-lung (COPD and lung cancer) screening
initiative”. Moreover, based on the data collected during
the “Dual-lung screening initiative”, we also analyzed the
cost-effectiveness of the screening on the COPD high
risk population using a health-economic model to provide
data support for optimizing the screening strategy. We
present the following article in accordance with the MDAR
reporting checklist (available at http://dx.doi.org/10.21037/
apm-21-812).

Methods
Research subjects

In July 2020, the Fengning Manchu Autonomous
County Health Bureau implemented the “Dual-lung
screening initiative” within the county, which was jointly
undertaken by the Fengning County Hospital, primary
township hospitals, and AstraZeneca. The county hospital
was responsible for organizing screening experts and
professionals, who brought necessary detection and
testing equipment on site and provided free consultations
and health education services. They set up an expert
group to conduct consultations on screened patients and
determine the diagnosis and treatment process as well as the
subsequent treatment measures. The subjects of this study
were from the participants in the “Dual-lung screening
initiative” activities conducted in the Datan Health Center
of Fengning Manchu Autonomous County on July 7 and
July 12, 2020. They were mostly smokers aged over 45 and
people with long-term exposure to secondhand smoke,
underlying lung diseases, family history of lung disease, or
respiratory symptoms such as suffocation, wheezing, and
coughing. Exclusion criteria: (I) myocardial infarction,
stroke, or shock in the past 3 months; (II) severe heart
failure, severe arrhythmias, or unstable angina in the past
4 weeks; (III) massive hemoptysis in the past 4 weeks; (IV)
seizures that needed medical treatment; (V) unmanaged
hypertension (systolic blood pressure >200 mmHg,
diastolic blood pressure >100 mmHg); (VI) aortic aneurysm;
(VII) severe hyperthyroidism; (VIII) recent eye, ear, or
brain surgery; (IX) resting heart rate >120 beats/min;
(X) pneumothorax or giant bullae but no surgery plan;
(XI) pregnancy; (XII) tympanic membrane perforation;
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(XIII) stress urinary incontinence; (XIV) dementia, mental
disability, or consciousness disturbance; (XV) respiratory
tract infection in the past 4 weeks; (XVI) low immunity
and susceptibility to infection; and (XVII) respiratory
infectious diseases (tuberculosis, influenza). This study was
approved by the ethics committee of Fengning Manchu
Autonomous County Hospital (approval number: 2021-01),
and all subjects signed the informed consent agreement.
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013).

Screening method

In the screening, first the participants aged over 45 from
Datan Township were asked to fill out a questionnaire that
asked for the participant’s personal and contact information
plus smoking and drinking history, as well as the chronic
obstructive pulmonary disease population screener
(COPD-PS) questionnaire (9). Then, the respondents who
completed the screening questionnaires were subjected to
lung auscultation and detailed consultation. On the high-
risk population (with a COPD-PS score >5), pulmonary
ventilation function tests were performed on site with
the Jaeger Pulmonary Function Tester (MasterScreen,
CareFusion Germany 234 GmbH, Hoechberg, Germany).
Those who had a forced expiratory volume in one second/
forced vital capacity (FEV,/FVC) ratio <0.7 were diagnosed
with COPD (10), for which the County Hospital provided
a green passage for further diagnosis and treatment with
standardized medication and patient management and
follow-up while recording their diagnosis and treatment
information.

The content of the COPD screening questionnaire
included (I) basic patient information, e.g., age, sex,
living environment, smoking and drinking history,
occupational exposure, family history, medical history, etc.;
(II) investigations related to respiratory symptoms, e.g.,
experiencing frequent short of breath in the past month,
sputum, reduced activity due to breathing problems,
smoking history, and oil fume exposure history.

Model design

The clinical efficacy and economics of the screening program
were analyzed using the data collected during the screening
and the health-economic model that we devised (11),
which has already been accepted for publication in NP7
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Primary Care Respiratory Medicine. The cost-effectiveness
analysis model contains two parts, i.e., the decision tree
model and the Markov model. The decision tree model
simulates the screening process, while the Markov
model simulates the disease progression of COPD high
risk patients, in which the path of disease progression
is characterized by different severity levels (categorized
based on the percentage of forced expiratory volume
in one second (FEV)) out of the predicted value). The
model simulated 15 years in monthly cycles. The relevant
parameters of patients with COPD who did not undergo the
screening were obtained from expert interviews. The utility
values of different severity levels adopted in the model were
derived from the published literature. The costs considered
in the model included the cost of screening, the cost of
diagnosis and examination, and the cost of medication.
The information about the first two costs was obtained
through expert interviews, while the cost of medication was
calculated from the unit prices of the medicines used, which
were derived from the Chinese Hospital Drug Use Follow-
up Database of IQVIA. Both clinical efficacy parameters
and cost parameters in the model were discounted by 3.5%.
The incremental cost-effectiveness ratio, which refers to
the ratio of the increment of costs over the quality-adjusted
life year (QALY) increment under the two conditions
(undergoing screening and not undergoing screening),
was used as the main evaluation index. QALY refers to the
product of the number of the patient’s survival years and the
utility value of the intervention. In addition, we performed
One-way Deterministic sensitivity (DSA) and probabilistic
sensitivity analysis (PSA) to evaluate the stability of the
modeling results.

Statistical analysis

Quantitative data are presented as descriptive statistics:
number of cases, mean, standard deviation, minimum,
maximum, median, and the first and the third quantiles.
Qualitative data are reported as the frequency and
composition ratio. The statistical analyses were done with
R4.0.3 software, and the economic modeling was performed
in Microsoft Excel.

Results
Screening results

A total of 700 questionnaires were distributed in two
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Table 2 Demographic and clinical characteristics of the patients

Number of
Indicator (N, %) umber of cases

(proportion)
Number of questionnaires distributed 700
Number of questionnaires received 544
Number of valid questionnaires 379

High-risk group 202 (53.30%)

Low-risk group 177 (46.70%)
Final diagnosis of COPD group 92 (24.27%)
Severe COPD 19 (9.41%)
Moderate COPD 22 (10.89%)

Mild COPD 51 (25.25%)

screening sessions, of which 544 were recovered, 379 of
which were valid (7able I). Based on the questionnaire score,
177 respondents were categorized as the low-risk group and
202 respondents as the high-risk group. The latter were
subjected to pulmonary function testing, and ultimately,
92 respondents were diagnosed with COPD, accounting
for 24.27% of the total. Of these, 51, 22, and 19 patients
were diagnosed with mild, moderate, and severe COPD,
respectively, accounting for 25.25%, 10.89%, and 9.41%
of the patients who underwent pulmonary function tests
and 55.43%, 23.91%, and 20.65% of the confirmed COPD
patients.

Characteristics of screening population

The demographic and clinical characteristics of the study
population, consisting of the 379 respondents of valid
questionnaires, are shown in Table 2. The average age of
the patients was 61.07 years (range 56 to 66 years), and
men outnumbered women (64.38% vs. 35.62%). Among
them, 220 were smokers, with an average smoking history
of 31.66 years (range 20 to 40 years). The vast majority
had no history of mine dust exposure. Many patients had
hypertension, emphysema, or heart disease. The average
age of the 92 confirmed COPD patients was 62.2 years old.
Eighteen of them were female, accounting for 19.57%.

Cost-effectiveness analysis

We adopted an existing economic model to analyze the
data. The simulation results using the model and the
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Factor Statistic Value
Age (years) N 379
Mean + standard 61.07+8.17
deviation
Median [minimum- 61 [30-90]
maximum]
First quantile-third 56-66
quantile
Sex Male 244 (64.38%)
Female 135 (35.62%)
Smoker Yes 220 (58.05%)
No 144 (37.99%)

No information

Smoking history Mean + standard
(years) deviation

Median [minimum-
maximum]

First quantile-third

quantile
From a poor Yes
household
No
No information
Exposure history Yes

(mining and dust
related work)

No

Past medical
history

Hypertension

Emphysema

Cardiovascular
disease

Pneumonia

Pulmonary
Tuberculosis

Cerebral infarction

COPD-PS
questionnaire score

Mean + standard
deviation

Median [minimum-
maximum]

First quantile-third
quantile

15 (3.96%)
31.66+12.62

30 [0.5-60]

20-40

90 (23.75%)

94 (24.80%)
195 (51.45%)
45 (11.87%)

334 (88.13%)

33 (8.71%)

30 (7.92%)
23 (6.07%)

14 (3.69%)
12 (3.17%)

12 (3.17%)
6.59+1.81

6 [2-10]

5-8
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Table 3 Health-economic assessment results

Variable No screening (A) Receiving questionnaire screening only (B)
Cost (¥) 10,575 12,335
Clinical effect
Life year 1.718 2117
Quality-adjusted life year 1.143 1.420
Incremental analysis - Bvs. A
Cost increment - ¥1,760.38
Increment of quality adjusted life year - 0.28
Incremental cost-effectiveness ratio - 6,366.19

epidemiological data of the patients collected in the
screening sessions are shown in 7able 3. Among the patients
with COPD high risk, those receiving early screening had
0.28 more QALYs than those receiving no early screening,
and for each unit increment in QALY, the treatment cost
increased by 6,366.19 Renminbi (RMB). When setting the
willingness-to-pay threshold (WTP) to the equivalent of the
2019 per capita gross domestic product (GDP) (70,888.99
RMB) (12), the extra treatment cost was much lower than
the WTP, indicating that compared with patients receiving
no questionnaire screening, those receiving questionnaire
screening had a cost-effectiveness advantage.

Sensitivity analysis

We performed the One-way Deterministic Sensitivity
Analysis and Probabilistic Sensitivity Analysis to examine
the effect of changes to different parameters on the
modeling result. The results of the One-way Deterministic
Sensitivity Analysis are shown in Figure 1. The efficacy and
cost discount rate were the factors with the highest impact.
The results of the Probabilistic Sensitivity Analysis are
shown in Figure 2. When varying the model parameters
within the specified ranges, the probability that those
undergoing the questionnaire screening had a cost-effective
advantage over no screening was 100%.

Discussion

According to the 2015 global disease burden data of
COPD, 174.5 million people suffered from COPD, of
whom 3.2 million died, accounting for 2.6% of the global
disease burden (13). Recently, a large-scale population
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study on COPD was completed in China, and the results
showed that the prevalence of COPD of rural residents
(9.6%) was higher than that urban residents (7.4%), and
the total number of COPD patients nationwide has reached
99.9 million, causing a great disease burden on society (5).
COPD is a preventable and treatable disease characterized
by airflow limitation and incomplete reversibility, with an
insidious onset and only mild initial symptoms or no clinical
symptoms at all, which can often cause the patients to miss
the best timing of diagnosis and treatment (14). There
are still many problems in the diagnosis and treatment of
COPD, and the patients in primary medical institutions
lack standardized diagnosis, treatment, and management,
and they have low overall level of diagnosis and treatment.

In recent years, the Chinese government has gradually
introduced a series of related policies to strengthen the
management of COPD (15). The promulgation of these
policies means that COPD in China, especially in primary
medical institutions, will enter a new stage of more
standardized, comprehensive, and in-depth management.
Early detection, early diagnosis, and early treatment are
effective measures to delay the progression of COPD and
reduce the burden of disease. Missed early diagnosis of
COPD is quite common, and the delay in the diagnosis
is correlated with the severity of the disease. The early
detection and early intervention for COPD can decelerate the
decline of pulmonary function in patients with COPD (16),
which is of great significance for the management of the
disease. It is crucial to improve the early detection of
COPD, especially by COPD screening of asymptomatic
patients and high-risk populations (17).

County hospitals and township health centers are
the cornerstones and cores of Chinese medical system,
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One-way deterministic sensitivity analysis tornado diagram
ICER (questionnaire screening vs. no screening)
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Figure 2 Probabilistic sensitivity analysis result. PSA, probabilistic sensitivity analysis; Q, questionnaire screening; N, no screening.

and important links in achieving the goal of preventing,
treating, and controlling COPD. How to effectively screen
out potential COPD patients is an important challenge
to primary medical institutions. Currently, domestic and
foreign guidelines all recommend pulmonary function
testing as the gold standard for the diagnosis of COPD,
but this test is often not available in primary medical
institutions and rural areas, which has caused many COPD
patients in these counties delaying diagnoses and thus
miss the best time for treatment. It would be possible that
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85% of COPD patients should have been early detected
up to 5 years before end up being diagnosed (18). The
pulmonary function test generally needs to be performed
in the pulmonary function room, in which the instrument
is installed in a fixed position and needs calibration before
use, and the test takes a long time. The instrument also
needs regular maintenance, which is costly. All of these have
limited the popularization of pulmonary function tests and
have made it inconvenient to those with mobility difficulties,
so this test is not suitable for the screening on people from
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rural counties. The simple pulmonary function instrument,
being easy to operate, portable, and affordable, is suitable
and feasible to use in primary medical institutions. There
are no significant differences between the data acquired
through a multifunctional lung tester in the pulmonary
function room and the main indicators acquired through
the simple pulmonary function instrument (19-23), so the
latter can be used in primary medical institutions to conduct
examinations for the early detection of potential COPD. In
this study, we first screened the high-risk factors of COPD,
and then performed a simple on-site pulmonary function
test on people with high risk, which improved the detection
rate of COPD, decreased the detection cost, and facilitated
the early detection, early diagnosis, and early treatment
of COPD patients in primary county-level medical
institutions.

We identified COPD high risk patients from their total
COPD-PS score (=5). 202 (53.30%) patients out of 379
respondents who presented a valid questionnaire were
categorized as the COPD high risk group, of whom 92
(24.27%) were diagnosed with COPD with the portable
pulmonary function tester. This diagnosis rate of COPD
was higher than that previously obtained in rural areas of
China (9.6%), likely because the screened population in
this study was a COPD high risk population. The high
COPD detection rate in the high risk population through
the screening questionnaire also suggests that through
the screening and management of high risk factors, the
detection rate of COPD in the population can be improved
to a certain extent, and the incidence of COPD can be
further reduced through early intervention.

We found that among the 379 screened individuals,
those aged over 60 predominated, and men outnumbered
women. Some patients already had common complications
of COPD (hypertension, emphysema, heart disease,
pneumonia, tuberculosis, cerebral infarction) and a common
history of exposure to COPD risk factors (smoking) and
had a high COPD-PS score (6.59+1.81), indicating that
the prevalence characteristics of COPD patients in rural
areas are identical to those in cities in terms of sex and
age (24), but the COPD patients in rural areas generally
have inadequate COPD health education, awareness, and
attention. Among the 92 diagnosed patients in this study,
41 were already in the moderate or severe stage at the time
of diagnosis, with a poor prognosis and seriously impaired
quality of life. Therefore, it is necessary to improve the
awareness of this disease in rural areas.

In previous COPD screening, cost-effectiveness
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evaluations of the data were lacking. For this reason,
we adopted a published economic model to evaluate the
cost-effectiveness of the early screening and found that
for patients with COPD high risk, the patients who had
received early screening had greater QALYs than those
who had not been screened. Therefore, the willingness-
to-pay threshold derived from the increased QALYs was
much higher than the increased treatment cost, which
could significantly cut the high medical expenses that may
be caused by acute exacerbation of COPD in the later
stage and thus ease the pressure on local medical insurance
bureaus. The screening conducted in this study helped
improving the future quality of life of many patients and
was highly praised by the patients and their families, which
has laid a solid foundation for the continued development
of screening activities.

This screening program reported in this study still
has certain limitations. The included population was
those with underlying lung diseases. The questionnaire
survey (COPD-PS score > 5) and the pulmonary function
test (FEV/FVC <0.7) indicate obstructive ventilatory
dysfunction, which was used as the diagnostic basis
for COPD. The results of chest radiographs were not
integrated into the confirmation, so the patients with a
positive final screening result may be mistakenly included
in the population with other lung diseases that also involve
obstructive ventilation dysfunction (e.g., bronchiectasis,
bronchial asthma, bullae, lung cancer, etc.). As one of the
sponsors of the screening program, the Fengning Manchu
Autonomous County Hospital has provided a green passage
for follow-up screening to the population with a positive
screening result so that COPD patients can be confirmed
and further treatment, management, and follow up.

Moreover, we confirmed the cost-effectiveness benefit of
early screening. Therefore, in the future, we should improve
the awareness of COPD, attach more importance to COPD
screening, and strengthen medical staff’s knowledge about
COPD and pulmonary function as well as the clinical
practice training at primary medical institutions during the
two-way referral process. By employing various measures
such as Internet web pages, WeChat, etc., we should
perform patient education in local communities to improve
their COPD knowledge and their prevention and treatment
awareness and to formulate policies to encourage the use of
existing screening tools or methods in the screenings. We
should develop industry standards to standardize screening
method or strategy. In the meantime, we should actively
study COPD in Chinese rural areas to provide evidentiary
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support for the promotion of COPD screening methods or
strategies.
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