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Purpose: COPD prevalence has rapidly increased in China, but the geographical disparities
in COPD prevalence remain largely unknown. This study aimed to assess city-level dispa-
rities in COPD prevalence and identify the relative importance of COPD related risk factors
in mainland China.

Patients and Methods: A nationwide cross-sectional study of COPD recruited 66,752
adults across the mainland China between 2014 and 2015. Patients with COPD were
ascertained by a post-bronchodilator pulmonary function test. We estimated the city-
specific prevalence of COPD by spatial kriging interpolation method. We detected spatial
clusters with a significantly higher prevalence of COPD by spatial scan statistics. We
determined the relative importance of COPD associated risk factors by a nonparametric
and nonlinear classification and regression tree (CART) model.

Results: The three spatial clusters with the highest prevalence of COPD were located in
parts of Sichuan, Gansu, and Shaanxi, etc. (relative risks (RRs)) ranging from 1.55 (95% CI
1.55-1.56) to 1.33 (95% CI 1.33—-1.33)). CART showed that advanced age (=60 years) was
the most important factor associated with COPD in the overall population, followed by
smoking. We estimated that there were about 28.5 million potentially avoidable cases of
COPD among people aged 40 or older if they never smoked. PM,s was an important
associated risk factor for COPD in the north, northeast, and southwest of China. After
adjusting for age and smoking, the spatial cluster with the highest prevalence shifted to
most of Sichuan, Gansu, Qinghai, and Ningxia, etc. (RR 1.65 (95% CI 1.63-1.67)).
Conclusion: The spatial clusters of COPD at the city level and regionally varied important
risk factors for COPD would help develop tailored interventions for COPD in China. After
adjusting for the main risk factors, the spatial clusters of COPD shifted, indicating that there
would be other potential risk factors for the remaining clusters which call for further studies.
Keywords: COPD, spatial clusters, kriging, classification and regression tree

Introduction

COPD is the third leading cause of mortality in China. The mortality rate of COPD
was 68 per 100,000 population in 2017." Two recent investigations in mainland
China reported that the prevalence of COPD among adults aged 40 or older was
13.6-13.7%,>* which increased by 66-67% compared with 10 years ago.*

To reduce the burden of morbidity and mortality from COPD, a better under-
standing of where has higher COPD prevalence is urgently needed. Our prior work
has found that the prevalence of COPD in the southwest of China was the highest
among seven subnational regions.” However, given the vast territory of China, it is
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of great significance to characterize the geographical dis-
parities in the prevalence of COPD at a much finer spatial
resolution such as the city level and identify spatial clus-
ters with significantly elevated COPD prevalence. These
will greatly facilitate the government to precisely deter-
mine priority intervention areas. The higher prevalence of
COPD may be attributed to a variety of local risk factors.
A better knowledge of which risk factors play a more
important role in different geographic regions would help
health authorities implement tailored intervention strate-
gies. Furthermore, after adjusting for the major known risk
factors for COPD, the remaining spatial clusters would
provide clues for other local underlying factors, which
encourage further in-depth investigations. However, these
spatial clusters with a higher prevalence of COPD before
or after adjusting for the major risk factors have not been
detected in mainland China to date.

To identify the major risk factors for COPD among the
overall population and among populations in different
regions, an analytic technique that is able to determine
the relative importance of risk factors by comprehensively
considering high-order interactions between them is
required, because in reality, multiple factors tend to be
present in the same person simultaneously. The classifica-
tion and regression tree model (CART), one of the
machine learning method, is able to deal with this.”® To
our knowledge, the CART model has not been employed
to investigate the risk factors for COPD in mainland China
so far.

We used the data from a population-based nationwide
cross-sectional study of COPD in mainland China to 1)
estimate the distribution of COPD prevalence at city level
and detect spatial clusters with high COPD prevalence; 2)
identify the relative importance of COPD related risk
factors among the overall population and among popula-
tions in different regions; and 3) detect the remaining
spatial clusters after adjusting for the main COPD-related
risk factors.

Methods
Participants and Study Design

Between December 2014 and December 2015, a sample of
adults aged 40 or older was recruited based on the inte-
grated National Disease Surveillance Point (DSP) System
The DSP
included 605 DSPs (counties/districts) across mainland

with national representativeness. system

China, covering 24% of the entire national population.’

From the DSPs, we used the probability sampling to
extract 125 counties/districts (Figure 1) which distributed
in all 31 provinces, autonomous regions, and municipali-
ties. Then, we selected 600 individuals from each of the
125 counties/districts by 5-stage complex probability sam-
pling. Detailed sampling methods were described in our
prior papers.>®

A total of 77,974 adults who had been living in the
current address for at least 6 months in the year before the
survey (permanent residents) were invited to participate.
Individuals who were not able to be interviewed or did not
provide informed consent were excluded.” At last, we
interviewed 75,107 adults. The overall response rate was
96.3%.”

The study protocol was approved by the Ethical
Review Committee of the National Center for Chronic
and Non-communicable Disease Control and Prevention,
Chinese Center for Diseases Control and Prevention (No.
201410). The written informed consents were obtained
from all participants.

Procedures

Trained interviewers interviewed individuals using
a questionnaire on the tablet to collect data on demo-
graphic characteristics, COPD associated risk factors,
medical history, and family history of respiratory diseases.
Specifically, COPD associated risk factors included smok-
ing history, exposure to second-hand smoking, hospital
admission for severe pulmonary disease in childhood,
smokers living at home in childhood, indoor exposure to
biomass, indoor exposure to coal fuel, and exposure to
dust or chemicals in the workplace. Medical history was
defined as the diagnosis made by township hospitals or
above. Other definitions can be found in our prior paper.

We obtained the mean concentration of ambient PM, 5
for each of 125 counties/districts between 2004 and 2013
from satellite-driven data.” We assumed that the partici-
pants living in the same county/district had the same level
of ambient PM, 5 exposure.

Trained and qualified staff operated the pulmonary func-
tion tests on all eligible participants using the MasterScreen
Pneumo spirometers (Jaeger, Germany) after the question-
naire interview. Both pre- and post-bronchodilator (15 mins
after administration of 400 pg salbutamol) forced vital capa-
city (FVC) and forces expiratory volume in 1 s (FEV1) were
obtained according to the recommendations by the
American Thoracic Society.'® All results were graded as

A, B, C, D, and F based on acceptable operation and
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Figure | Locations of counties/districts involved in the study**East region: AH=Anhui, SH=Shanghai, JS=Jiangsu, ZJ=Zhejiang, FJ=Fujian, |X=Jiangxi, SD=Shandong; Middle
region: HNI=Henan, HB2=Hubei, HN2=Hunan; North region: BJ=Beijing, TJ=Tianjin, SXI=Shanxi, HBI=Hebei, IM=Inner Mongolia; Northeast region: HLJ=Heilongjiang,
JL=Jilin, LN=Liaoning; Northwest region: SX2=Shaanxi, GS=Gansu, QH=Qinghai, NX=Ningxia, X]J=Xinjiang; South region: GD=Guangdong, GX=Guangxi, HN3=Hainan;
Southwest region: CQ=Chonggqing, SC=Sichuan, GZ=Guizhou, YN=Yunnan, TB=Tibet; HK=Hong Kong; MC=Macau; TW=Taiwan.

repeatability of FVC and FEV,. Grades of A, B, and C were
regarded as acceptable for analyses. We defined COPD by
a post-bronchodilator FEV1/FVC <70% as per the recom-
mendation of the 2018 Global Initiative for Chronic
Obstructive Lung Disease (GOLD)."!

All collected data were uploaded to a data management
system in real time and were assessed by reviewers and
experienced clinicians within 24 h after the investigation.
For those that did not meet the quality requirements, re-
interviews or re-pulmonary function tests were requested.

Statistical Analysis
The data were weighted to the study sampling scheme and
non-response to represent the general population aged 40

or older in mainland China.” We used #-test for continuous
variables and Chi-square test for categorical variables to
compare the characteristics of individuals with and with-
out COPD. We used “survey” package in R (version
3.4.2). All p values were two-sided and a p-value of less
than 0.05 was viewed as statistically significant.

We CART model to
a classification tree to identify the relative importance
and thresholds of COPD-related risk factors and detect
adults with the highest risk of developing COPD. The
CART model uses recursive partitioning strategies to pro-

employed the produce

duce a classification tree comprised of progressive binary
splits. It segments participants into subgroups that are
most different regarding the dependent variable. The
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model examines all independent variables and all values of
independent variables to select the optimal explanatory
variables and the optimal splits based on impurity criter-
ion. The most important independent variable associated
with the dependent variable is selected first by the model
to split participants into two branches. Within each of
these two branches, the partitioning continues and the
tree grows by examining the remaining independent vari-
ables to identify the variable that leads to the best split.
The CART model is able to deal with the high-order
interactions among multiple independent variables. It is
a nonparametric statistical method that does not request
assumptions about the distribution of the data.>®'? The
factors significantly associated with COPD in univariate

analysis (Table 1) and ambient PM, s (in the light of
significant association between ambient PM, s and COPD
reported by recent studies’) were put in the CART model.
We calculated the weighted prevalence of COPD for each
node in the classification tree and the odds ratio (OR) and
95% confidence interval (95% CI) of each identified vari-
able under survey design. We limited the depth of the
classification tree based on the statistical significance of
the OR of each identified variable. We used “rpart” pack-
age in R (version 3.4.2).

We used the ordinary kriging method to interpolate the
continuous spatial surface of COPD prevalence based on
the observed prevalence of COPD in all 125 counties/
districts and their locations (displayed by the latitude and

Table | Demographics, COPD Related Risk Factors, and Comorbidities Among Chinese Adults Aged 40 or Older in 2015

Entire COPD No COPD P
(n=66,752) (n=9134) (n=57,618)
Age, mean (SD), years 549 (I1.1) 61.4 (11.5) 53.8 (10.7) <0.0001
Women 33,615 (49.5%) | 2499 (29.4%) | 31,116 (52.7%) | <0.0001
Education level, No. (%)

Primary school or less 33,693 (47.1%) | 5217 (55.6%) | 28,476 (45.8%) | <0.0001

Middle and high school 30,213 (48.4%) | 3685 (41.6%) | 26,528 (49.5%)

College or higher 2827 (4.5%) 229 (2.9%) 2598 (4.7%)

Rural residence, No. (%) 34,743 (51.8%) | 5257 (56.9%) | 29,486 (51.0%) | 0.002
Smoking history, No. (%) <0.0001

Never smoking 40,070 (59.8%) | 3326 (38.3%) | 36,744 (63.2%)

Former smoking 6438 (8.8%) 1445 (14.6%) | 4993 (7.9%)

Current smoking 20,059 (31.4%) | 4346 (47.1%) | 15,713 (28.9%)
Pack-years of cigarette smoking, No. (%) * <0.0001

0-9 7473 (29.7%) 1339 (25.1%) | 6134 (30.9%)

10-19 3994 (17.3%) 720 (13.5%) 3274 (18.4%)

220 13,423 (53.0%) | 3414 (61.4%) | 10,009 (50.7%)
Exposure to second hand smoking, No. (%) 38,040 (56.5%) | 5319 (57.3%) | 32,721 (56.3%) | 0.62
Hospital admission for severe pulmonary disease in childhood, No. (%) | 1656 (2.7%) 350 (4.3%) 1306 (2.5%) <0.0001
Smokers living at home in childhood, No. (%) 34,857 (54.5%) | 5084 (56.5%) | 29,773 (54.2%) | 0.06
Indoor exposure to biomass, No. (%) 28,914 (40.7%) | 4602 (48.6%) | 24,312 (39.4%) | 0.0005
Indoor exposure to coal fuel, No. (%) 22,881 (34.3%) | 3237 (32.3%) | 19,644 (34.6%) | 0.29
Exposure to dust or chemicals in the workplace, No. (%) 29,808 (44.6%) | 4550 (50.6%) | 25,258 (43.6%) | <0.0001
Mean PM, 5 exposure, mean (SD), pg/m’ 60.1 (19.3) 59.4 (18.3) 60.3 (19.4) 0.51
History of tuberculosis, No. (%) 1247 (1.7%) 312 (3.4%) 935 (1.4%) <0.0001
Family history of respiratory diseases, No. (%) 16,085 (26.9%) | 2847 (35.0%) | 13,238 (25.7%) | <0.0001
Body-mass index, No. (%) (kg/m?) <0.0001

<18.5 (underweight) 1515 (2.3%) 362 (3.8%) 1153 (2.1%)

18.5-23.9 (normal weight) 28,600 (42.4%) | 4520 (49.7%) | 24,080 (41.2%)

24.0-27.9 (overweight) 25,810 (39.1%) | 3119 (33.5%) | 22,691 (39.9%)

228.0 (obese) 10,818 (16.3%) | 1132 (13.0%) | 9686 (16.8%)

Notes: Number of pack-years of cigarette smoking referred to manufactured cigarettes consumed by current smokers or former smokers.
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longitude). Ordinary kriging is a sophisticated geostatisti-
cal method based on regionalized variable theory'® that
has been widely used to generate the continuous spatial
surfaces of diseases (e-Method 1)."*'7 We used the
ArcGIS (version 10.3; ESRI Inc., Redlands, CA, USA)
to perform interpolation. The spatial surface of the esti-
mated prevalence of COPD was then converted to city-
specific polygons using zonal function in ArcGIS.

We detected the geographic clusters with a significantly
higher prevalence of COPD at city level using SaTScan
software.'® The software gradually scans a circle across
space and compares the number of observed with the num-
ber of expected cases inside the circle at each location. The
number of expected cases is calculated when the null
hypothesis is true, ie, the risk is the same inside and outside
the circle.'"®'” The discrete Poisson model was applied to
identify statistically significant clusters (p<0.05) where
higher than expected number of cases were observed.
We used the default settings of the SaTScan software
(e-Method 2).

Results

Descriptive Statistics

A total of 66,752 adults (33,137 men and 33,615 women,;
mean age 54.9 years (standard deviation (SD) 11.1)) were
included in the analyses. Those excluded from the ana-
lyses included individuals who were ineligible for pulmon-
ary function tests (2282), individuals who were ineligible
for post-bronchodilator examinations (3841), and indivi-
duals with pulmonary function tests of grades D or
F (2232). The differences in the characteristics of those
included and excluded were described in our prior paper.”
We identified 9134 patients with COPD. The factors which
were significantly different between those with and with-
out COPD included age, sex, education, residence, smok-
ing status, pack-years of cigarette smoking, hospitalization
due to respiratory diseases in childhood, exposure to
indoor biomass, exposure to dust or chemical in the work-
place, medical history of tuberculosis, family history of
respiratory  diseases, index (BMI)
(Table 1).

and body-mass

Relative Importance of Risk Factors

As such, the above factors identified by univariate analysis
and ambient PM,s were put in the CART model.
Advanced age (=60 years old) was identified as the most
important risk factor for COPD (OR (95% CI): 3.3 (3.0,

3.7)) (Figure 2A). For people aged 40 to 59, smoking was
the most important risk factor for COPD (OR (95% CI):
2.7 (2.3, 3.1)). Among people aged 40 to 59, those aged 54
or older, with a BMI of less than 23 kg/m?, and a smoking
history of more than 33 pack-years had the highest pre-
valence of COPD (37.5%) (Figure 2B). For people aged
60 or older, smoking was also the most important risk
factor for COPD (OR (95% CI): 3.1 (2.7, 3.5)). Among
people aged 60 or older, those aged 70 or older, with
a BMI of less than 25 kg/m?, had smoked for less than
28 pack-years, and lived in areas with PM, 5 concentration
between 50 and 66 kg/m? had the highest prevalence of
COPD (56.5%). Those aged 70 or older, with a BMI of
less than 25 kg/m* and a smoking history of more than 28
pack-years had the second highest prevalence of COPD
(53.9%) (Figure 2C).

CART models also identified important risk factors for
COPD by geographic
(e-Figure 1A-G). In all seven regions, smoking and

region in mainland China
advanced age were identified as important risk factors for
COPD, but the age thresholds varied by region. For example,
the age thresholds for the north and northeast were 54 and 57,
respectively, while the age thresholds for the south and mid-
dle were 65 and 63, respectively. In addition to smoking and
advanced age, PM, s was another important risk factor for
COPD in the north, northeast, and southwest, and exposure
to dust or chemical in the workplace was another important
risk factor for COPD in the middle.

Spatial Clusters Before Adjustment
Among the overall population, the predicted city-specific
prevalence of COPD by kriging analysis ranged from
8.7% (95% CI 8.6-8.8) in Ali prefecture, Tibet to 21.8%
(95% CI 21.6-22.0) in Deyang city, Sichuan (Figure 3A
and e-Table 1). Among 31 provincial capitals in mainland
China, the predicted prevalence of COPD was highest in
Chengdu, Hohhot, and Chongqing and lowest in Lhasa,
Nanning, and Zhengzhou (Figure 4).

A total of 22 significant spatial clusters of COPD were
detected among the overall population (Figure 3A and
e-Table 2). The three clusters with the highest relative
risk (RR) were located in parts of Sichuan, Gansu,
Shaanxi, Chongqing, Guizhou, and Yunnan. People living
inside the 22 clusters had a 1-55% increased prevalence of
COPD compared to those living outside the cluster (RRs
ranged from 1.01 (95% CI 1.00-1.01) to 1.55 (95% CI
1.55-1.56)) (e-Table 2).
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(5277/22998)

9.0% Prevalence
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Cc
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Never smoking Current or
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37.2% Prevalence

OR (95% Cl): 1.6 (1.4, 1.9)
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BMI225 kg/m? BMI<25 kg/m?

40.9% Prevalence
OR (95% Cl): 1.6 (1.3, 1.9)

29.6% Prevalence

Age<70 years Age > 70 years

47.7% Prevalence
OR (95% Cl): 1.5 (1.04, 2.0)

36.4% Prevalence

Smoking <28 Pack-years
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OR (95% Cl): 1.7 (1.04, 2.9)
PM, 266 pg/m? PM, 5<66 pg/m*

48.9% Prevalence
OR (95% Cl): 1.7 (1.03, 2.8)

35.4% Prevalence

PM, :<50ug/m*® PM, 5 > 50pg/m?

43.4% Prevalence 56.5% Prevalence

Age<54 years

11.0% Prevalence

53.9% Prevalence

43754 Chinese adults aged <60 years
OR (95% Cl): 2.7 (2.3, 3.1)

Current or
former smokers

14.0% Prevalence
OR (95% Cl): 2.4 (2.1, 2.9)

Age 2 54 years
23.2% Prevalence

OR (95% Cl): 1.9 (1.5, 2.4)

Smoking <14 Pack-years Smoking 2 14 Pack-years

26.7% Prevalence
OR (95% Cl): 1.8 (1.4, 2.2)

16.1% Prevalence

BMI 223 kg/m? BMI<23 kg/m?

33.6% Prevalence
OR (95% Cl): 1.6 (1.1, 2.3)

22.1% Prevalence

Smoking <33 Pack-years Smoking > 33 Pack-years

27.3% Prevalence 37.5% Prevalence

Smoking2 28 Pack-years

Figure 2 The relative importance of COPD-related risk factors among different subpopulations in mainland China, 2015. (A) Overall population. (B) Subpopulation aged 40

to 59. (C) Subpopulation aged 60 or older.

Spatial Clusters After Adjustment

The classification tree showed that non-smokers under the
age of 60 had the lowest prevalence of COPD (Figure 2).
Therefore, we characterized the adjusted geographical dis-
tributions of COPD prevalence after controlling for
advanced age (=60 years old) and smoking. With the
gradual control of these two factors, COPD prevalence
decreased dramatically (Figure 3A-C).

The distribution of COPD prevalence among subpopula-
tion aged 40 to 59 without a history of smoking is shown in
Figure 3C. The predicted prevalence of COPD was highest in
Mianyang city, Sichuan (9.7% (95% CI 9.5-9.9)) and lowest
in Shanwei, Guangdong (3.3% (95% CI 3.3-3.3)) (e-Table 1)
among this subpopulation. In 31 provincial capitals, the pre-
dicted prevalence of COPD was highest in Chengdu, Xining,
and Lanzhou and lowest in Guangzhou, Haikou, and Fuzhou
(Figure 4).

Seven significant spatial clusters of COPD prevalence
among subpopulation aged 40 to 59 without a history of
smoking were detected (Figure 3C and Table 2). Among

them, the cluster with the highest risk covered most parts
of Sichuan, Gansu, Qinghai, and Ningxia, the southwest
of Shaanxi, and the east of Tibet (RR 1.65 (95% CI 1.63—
1.67); P<0.0001). The RRs of the original clusters
detected in the southeast of China (Guangzhou and
Fujian) among the overall population were no longer
statistically significant after adjusting for advanced age
and smoking.

Sensitivity Analysis

The predicted prevalence of COPD varied substantially
by sex and smoking status (e-Figure 2A-D). We charac-
terized the spatial distribution of smoking prevalence
among people aged 40 or older, which indicated that
Sichuan, Yunnan, Fujian, Guangzhou, Inner Mongolia,
and Heilongjiang had a substantially higher level
(e-Figure 3). We ranked 31 capital cities by COPD pre-
valence among subpopulation aged 60 or older and sub-
population aged 60 or older without a smoking history

(e-Figure 4).
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Figure 3 Geographical disparities and spatial clusters of COPD prevalence among different subpopulations in mainland China, 2015. (A) Overall population. (B)
Subpopulation aged 40 to 59. (C) Subpopulation aged 40 to 59 without a history of smoking.

Discussion

Using data from a large nationwide survey in mainland
China, we found a widespread and marked disparity in the
prevalence of COPD at the city level, with the three spatial
clusters with the highest prevalence located in parts of
Sichuan, Chongging, Gansu, Shaanxi, Guizhou, and
Yunnan. Among the overall study population, advanced
age (=60 years old) was the most important risk factor
for COPD. The subpopulation of non-smoking people
under the age of 60 had the lowest risk of developing
COPD. However, a notable geographical disparity in
COPD prevalence across China among this subpopulation
still existed, with the spatial cluster of the highest COPD
prevalence shifting to the most of Sichuan, Gansu,
Qinghai, and Ningxia, the southwest of Shaanxi, and the
east of Tibet. The classification tree found that in addition
to advanced age (with different thresholds) and smoking as

two common risk factors, other important risk factors for
COPD differed by geographical region.

Previous studies on geographical disparities in COPD
prevalence in mainland China have been limited to regio-
nal (east, central, and west) or provincial level.?®?!
Additionally, these studies used self-reported COPD
cases or were conducted in a few provinces.***' Our
previous study compared the prevalence of COPD in the
seven subnational regions and reported that the prevalence
in the southwest was the highest, but a further revelation
of the disparity at a much finer spatial resolution is still
lacking.? Taking advantage of GIS and spatial scan statis-
tics, our study is the first to reveal marked geographical
disparity in COPD prevalence at the city level and the first
to detect 22 significant spatial clusters of COPD among
the overall population. In China, a vast country with one-
fifth of the world’s population, health resources are

International Journal of Chronic Obstructive Pulmonary Disease 2020:15

submit your manuscript

373

Dove


http://www.dovepress.com
http://www.dovepress.com

Wang et al

Dove

Chengdu
Hohhot
Chonggqing
Shenyang
Beijing
Xining
Lanzhou
Fuzhou
Shijiazhuang
Taiyuan
Guangzhou
Kunming
Xi'an
Tianjin
Guiyang
Changchun
Urumqi
Yinchuan
Shanghai
Nanchang
Changsha
Jinan
Hangzhou
Nanjing
Hefei
Harbin
Wuhan
Haikou

NNNoZwowzw®
OO DE L OOy~ =

-
N-_.oo-

SR | I R
10.6
10.2

Zhengzhou
Nanning
Lhasa

NN 0N
BN ~N®

Overall

Age 40-59 years

oo ©
0N

-~
oommm

20

15

NWELWNRAWEDNOENNNWOOW

B EON OO = @O B 0~ N O~ Y~ ~

10

5

&0 £
oo

COPD prevalence (%)

ek
N

Age 40-59 years and

without a history of smoking

Figure 4 Predicted COPD prevalence among different subpopulations in 31 provincial capitals of mainland China, 2015.

relatively stretched and unequally allocated.?” Identifying
these spatial clusters would help health authorities to
effectively and efficiently target COPD screening and
treatment efforts to those areas most in need.

These spatial clusters may be due to a variety of risk
factors for COPD. Our study found that smoking was the
most important modifiable risk factor for COPD in main-
land China. The prevalence of COPD was 5.7% and 14.0%
among current or former smokers and never-smokers in
people aged 40 to 59, respectively, while the prevalence of
COPD was 16.0% and 37.2% among current or former
smokers and never-smokers in people aged 60 or older.
With around 390.0 million residents aged 40 to 59 and
177.6 million residents aged 60 or older in mainland China
in 2010 (population size from the most recent national
census), the number of patients with COPD would
decrease by 28.5 million among people aged 40 or older
if they never smoked. Notably, spatial clusters of high
COPD prevalence in Guangdong and Fujian dropped out

from the original clusters after controlling for advanced
age and smoking. Besides, our sensitivity analyses
revealed that smoking prevalence was substantially higher
in these two provinces than other areas, suggesting that
smoking may play a more pivotal role in Guangdong
and Fujian. These findings imply that implementing
more intensified tobacco control strategies would substan-
tially curb the COPD epidemic in China, especially in
Guangdong and Fujian.

Our study found that geographical disparity in COPD
prevalence across China still existed after adjusting for
advanced age and smoking and the spatial cluster with
the highest COPD prevalence enlarged to most parts of
Sichuan, Gansu, Qinghai, Ningxia, the southwest of
Shaanxi, and the east of Tibet, etc., indicating that, in
these areas, there were other important factors contributing
to the local high prevalence of COPD. Further studies are
warranted to investigate the drivers behind these remain-
ing spatial clusters of high COPD prevalence.
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Table 2 Spatial Clusters of Predicted COPD Prevalence Among Chinese Adults Aged 40 to 59 Without a History of Smoking in 2015

Cluster No., Location Radius, Population No. of COPD Cases RR 95% CI P value
(km) Aged 40-59 (100,000)
Years (100,000)
Expected | Observed
I, Sichuan, Gansu, Qinghai, Ningxia, Southwest of 840.5 557.6 303 47.0 1.65 | 1.63—1.67 | <0.0001
Shaanxi, and east of Tibet
2, Liaoning, northeast of Inner Mongolia, southwest | 499.2 546.7 29.7 42.2 1.49 | 1.47-1.51 | <0.0001
of Jilin, east of Beijing, Tianjin, and northeast of
Shandong
3, Northeast of Tianjin, east of Hebei, south of 481.8 649.5 35.2 43.7 1.28 | 1.26-1.30 | <0.0001
Liaoning, middle and east of Shandong, and
northeast of Jiangsu
4, Southeast of Inner Mongolia, Shanxi, west and 3814 504.5 274 328 1.22 | 1.20-1.24 | <0.0001
middle of Hebei, west of Beijing and Tianjin, and
northeast of Shaanxi
5, Middle of Shandong 95.3 723 3.9 4.7 1.20 | 1.14-1.26 | <0.0001
6, Southeast of Chonggqing, middle and northeast of | 246.1 2759 15.0 16.3 1.09 | 1.06-1.12 [ <0.0001
Guizhou, and west of Hunan
7, East of Shaanxi, south of Shanxi, west of Henan 191.3 132.5 7.2 8.1 1.13 | 1.09-1.17 | <0.0001

Some studies have found a significant relationship
between air pollution and COPD.*>** We found that
those lived in the areas with PM, s concentration of 50
to 65 pug/m’ had a substantially higher prevalence of
COPD among adults aged 60 or older, while the classifica-
tion tree did not identify PM, 5 as an important risk factor
for COPD among adults aged 40 to 59. This implies that
the effect of PM; s on COPD may be more pronounced in
the elderly and there may be a non-linear relationship
between PM, s and COPD. Previous studies also found
a non-linear relationship between PM,s and mortality
from respiratory diseases.*>*® This non-linear relationship
might be due to the change in people’s behaviors in areas
with the highest concentration of PM, s, ie, wearing masks
and avoiding outdoor activities.?® Classification trees in
different regions present that PM, 5 was one of the impor-
tant risk factors for COPD in the north, northeast, and
southwest, but not in other regions. One possible explana-
tion is that PM, s concentration was relatively higher in
these three regions.” Another explanation is that the com-
position and toxicity of PM, 5 probably varied by region.*
Regardless of the reasons behind this regional disparity,
our study finding suggests that ambient air pollution con-
trol would have important implications to reduce the pre-
valence of COPD in the north, northeast and southwest.

Age thresholds with substantially higher COPD preva-
lence identified by classification tree were much younger
in the north and northeast than other regions, indicating
that residents in the north and northeast may develop
COPD at a much earlier age. Our previous study showed
that  the
severe pulmonary disease in childhood and the proportion

proportion of hospital admissions for
of family history of lung diseases were slightly higher in
these two regions.” This may suggest multiple reasons
including genetic and environmental factors play a role
in the younger age threshold in these regions. More atten-
tion should be paid to relatively younger population during
the process of case finding of COPD in clinical settings in
the north and northeast of China.

Our study has several strengths. First, based on the large
randomly selected samples over mainland China, this is the
first study to detect spatial clusters with a significantly higher
prevalence of COPD at the city level before and after adjust-
ing for the important risk factors. Second, the application of
the CART model allows us to determine the relative impor-
tance and thresholds of COPD-related risk factors in view of
the high-order interactions between them. Third, the large
sample size enables us to assess the regional difference in the
important risk factors for COPD. Fourth, strict quality con-

trol measures including pre- and post-bronchodilator FEV,
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and FVC measurements and data collection and manage-
ment system ensure the reliability of the data.

The limitations of our study could not be ignored. First,
the cross-sectional study design limited our ability to deter-
mine the causal relationships between risk factors and
COPD. Second, we only enrolled permanent residents with-
out a floating population. However, COPD mainly occurs in
the population over the age of 40, among which the propor-
tion of the floating population is relatively low. Therefore,
the study results are unlikely to be affected.

Conclusion

We detected 22 spatial clusters of COPD at the city level
in mainland China, which will help target efforts on pre-
vention, diagnosis, and treatment for COPD to those areas
most in need. Tobacco control would be the most effective
measure to reduce the burden of COPD among the overall
population in mainland China, especially in Guangdong
and Fujian. Around 28.5 million cases of COPD could be
prevented across mainland China if people aged 40 or
older never smoked. Ambient PM, 5 control would be of
particular importance in reducing the prevalence of COPD
in the north, northeast and southwest. The remaining spa-
tial clusters after controlling for the important risk factors
provide information about other potential local risk fac-
tors, calling for further investigations.
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