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Abstract
Background: Chronic obstructive pulmonary disease (COPD) is a common public health problem worldwide. Recent studies have
reported that socioeconomic status (SES) is related to the incidence of COPD. This study aimed to investigate the association
between SES and COPD among adults in Jiangsu province, China, and to determine the possible direct and indirect effects of SES on
the morbidity of COPD.
Methods: A cross-sectional study was conducted among adults aged 40 years and above between May and December of 2015 in
Jiangsu province, China. Participants were selected using a multistage sampling approach. COPD, the outcome variable, was
diagnosed by physicians based on spirometry, respiratory symptoms, and risk factors. Education, occupation, and monthly family
average income (FAI) were used to separately indicate SES as the explanatory variable.Mixed-effects logistic regression models were
introduced to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for examining the SES-COPD relationship. A pathway
analysis was conducted to further explore the pulmonary function impairment of patients with different SES.
Results: The mean age of the 2421 participants was 56.63± 9.62 years. The prevalence of COPD was 11.8% (95% CI: 10.5%–

13.1%) among the overall sample population. After adjustment for age, gender, residence, outdoor and indoor air pollution, body
weight status, cigarette smoking, and potential study area-level clustering effects, educational attainment was negatively associated
with COPD prevalence in men; white collars were at lower risk (OR: 0.60, 95% CI: 0.43–0.83) of experiencing COPD than blue
collars; compared with those within the lower FAI subgroup, participants in the upper (OR: 0.68, 95% CI: 0.49–0.97) tertiles were
less likely to experience COPD. Such negative associations between all these three SES indicators and COPDwere significant among
men only. Education, FAI, and occupation had direct or indirect effects on pulmonary function including post-bronchodilator forced
expiratory volume in 1 s/forced vital capacity (FEV1/FVC), FEV1, FVC, and FEV1 percentage of predicted. Education, FAI, and
occupation had indirect effects on pulmonary function indices of all participants mainly through smoking status, indoor air
pollution, and outdoor air pollution.We also found that occupation could affect post-bronchodilator FEV1/FVC through bodymass
index.
Conclusions: Education, occupation, and FAI had an adverse relationship with COPD prevalence in Jiangsu province, China. SES
has both direct and indirect associations with pulmonary function impairment. SES is of great significance for COPDmorbidity. It is
important that population-based COPD prevention strategies should be tailored for people with different SES.
Keywords: Socioeconomic status; Family average income; Smoking; Air pollution; Bodymass index; Chronic obstructive pulmonary
disease
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
common public health problem worldwide. It is currently
one of the top three causes of death in the world.[1]

Moreover, the burden caused by COPD is particularly
heavy in developing countries, including China, which is
the most populated country in the world.[2] The recently
estimated spirometry-based COPD prevalence is as high as
13.7% among the general population aged 40 years and
above in China.[3] COPD has always been considered to be
a preventable and treatable disease with some significant
extrapulmonary effects that may contribute to the
impairment of pulmonary function and increase its
prevalence.[4] Therefore, it is necessary to have a good
understanding of the risk factors associated with COPD
prevalence and lung function decline while designing
appropriate COPD preventive measures.

Previous studies have confirmed that cigarette smoking,
indoor air pollution, and outdoor air pollution are the
leading risk factors for COPD.[3,5] Other studies have
mentioned that low socioeconomic status (SES) is also
related to the incidence of COPD.[3,6-9] SES is a broad
concept that is often measured by occupation, family
economic status, and education level in scientific re-
search.[10-13] Recently, family average income (FAI) has
been considered to be the most appropriate representative
indicator of family economic status. This is because it is
documented to be more sensitive and realistic in reflecting
the material wealth and social position.[11,14-17]

For COPD prevention, it is helpful to identify sub-
populations at different SES levels in SES-specific effective
intervention campaigns. In addition, most studies only
focused on the effect of a single risk factor, without
analyzing them to explore the overall impact on COPD
prevalence or pulmonary function decline. To bridge this
gap, we used education, occupation, and FAI to separately
predict SES. Furthermore, we conducted a population-
based study to investigate the relationship between SES
and COPD prevalence among adults in the Jiangsu
province of China. Previous studies suggested that
education, occupation, and income had an impact on
smoking, exposure to environmental pollution, and body
mass index (BMI). Smoking, environmental pollution, and
low BMI are classic risk factors for COPD preva-
lence.[3,6,14,15] Therefore, this study conducted a pathway
analysis to further explore the pulmonary function
impairment of patients with different SES and related
factors among all of the participants.
Methods

Ethical approval

This study was approved by the Ethics Review Committee
of the National Center for Chronic and Non-communica-
ble Disease Control and Prevention, Chinese Center for
Disease Control and Prevention (No. 201410). Each
participant provided the written informed consent before
the survey. Participants’ identities were excluded from the
analysis.
1553
Participants

This cross-sectional study, with the initial aim of
investigating COPD prevalence among adults aged 40
years and above, was conducted between May and
December of 2015 in Jiangsu province, China. Jiangsu
province, in the eastern region of China, has 13
administrative municipalities/cities under the current
administrative system (five strata: central, provincial,
municipal/city, district/county, and street/township) in
China. A disease surveillance point (DSP) system was
established to periodically collect data on specific disease
prevalence and risk behaviors as well as mortality among
representative sample populations in China. In total, 605
district/county-based DSPs have been established, with one
from each selected municipality or city in China. In Jiangsu
province, six DSPs (three urban districts and three rural
counties) within six different cities were randomly selected
accounting for a representative sample population.

Those household residents who were aged 40 years and
above had been registered for 6 months and above were
eligible to participate in the present study. However,
residents with cognitive/literal/mental disorders, diagnosed
with cancers, or paraplegia were not recruited. Pregnant
women were also excluded. A multistage sampling method
was employed to randomly select participants. The sample
size was estimated based on the following aspects: (1) study
design and sampling approach; (2) the available COPD
prevalence (8.2% among adults aged over 40 years in
China)[5,18,19]; and (3) an expected 90% response rate.
Therefore, the sufficient sample size was estimated to be
approximately 2600. Next, we randomly selected partic-
ipants using a multistage sampling approach: (1) two/three
streets/towns were randomly determined from each DSP
urban district/rural county, respectively; (2) two neighbor-
hoods were chosen from each street and two villages from
each town; and (3) one eligible participant was recruited
from each of the 100 selected households within each
determined neighborhood/village using a Kish grid sam-
pling approach.[5]
Data collection

In this study, in addition to the function test, each
participant took part in a face-to-face questionnaire
interview and the anthropometric examination. Informa-
tion integrated into the questionnaire was on each
participant’s socio-demographic characteristics (including
education, occupation, and income), personal medical
history, parental history of respiratory disease, respiratory
symptoms, and influencing factors of respiratory disease
(eg, cigarette smoking).
Spirometry

Each participant underwent a pulmonary function test with
calibrated spirometers (MasterScreen Pneumo, Jaeger,
Germany) based on the American Thoracic Society’s
recommendations by trained workers from local CDC or
community health service centers.[20,21] Participants who
were allergic to salbutamol orhada restingheart rate of over
100 beats per min, were excluded from the post-
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bronchodilator examination. After the administration of
400mg of salbutamol (Ventolin; GlaxoSmithKline, Mid-
dlesex, UK) for 15 min, each eligible subject underwent a
post-bronchodilator spirometry. Pre-bronchodilator and
post-bronchodilator forced vital capacity (FVC) and forced
expiratory volume in 1 s (FEV1) were assessed separately.
Study variables

Outcome variable

In the prevalence study section, the outcome event was
spirometry-defined COPD, which was defined according
to the 2017 Global Initiative for Chronic Obstructive Lung
Disease guideline.[20] A participant was defined as a patient
with COPD, if he/she had a post-bronchodilator FEV1/
FVC of less than 70%, with respiratory symptoms and
exposure to risk factors. Respiratory symptoms included
chronic cough, expectoration, and shortness of breath.
Risk factors for COPD included exposure to cigarette
smoking, exposure to particulate matter (PM) with a
diameter less than 2.5 mm, underweight, childhood
chronic cough or frequent cough, and parental history
of respiratory diseases.[3] In pathway analysis, the path
variables were pulmonary function test indexes, including
post-bronchodilator FEV1/FVC, FEV1, FVC, and FEV1
percentage of predicted (FEV1% pred).
Explanatory variables

The explanatory variables were SES, which was indicated
by education, occupation, and FAI, respectively. Educa-
tional level was grouped into three categories based on
years of schooling completed: 9 years (compulsory
education level), 10 to 12 years (senior high school), or
over 13 years (college or greater). The occupation was
categorized into two groups: blue collar (farmers, factory
workers, forestry workers, fishers, salespersons, house-
workers, and vehicle drivers), or white collar (office
workers, teachers, doctors, academic researchers, and
government officials). FAI refers to the monthly average
income within a household, which is computed as the total
monthly household income divided by the total number of
family members. For the analysis, the FAI was classified
into three subgroups: lower, middle, or upper tertile.
Other covariates

Some potential influencing factors were considered as
covariates in the analysis, including age, gender, residence,
cigarette smoking, outdoor and indoor air pollution,
parental history of respiratory diseases, and body weight
status.[3,5] They were treated as categorical variables in the
multivariable analysis. Participants were classified into
four age groups (40–49, 50–59, 60–69, and over 70 years
old), two gender categories (men vs. women), and two
residential locations (urban vs. rural residence).

Current smokers were defined as those who continuously
smoked at least one cigarette every day for at least 1 year or
totally smoked over 18 packs within a year. Former
smokers referred to people who met the criteria of current
smokers previously but had not smoked for >1 year. All
1554
the subjects who did not meet the current or former
smokers’ criteria were classified as non-smokers.[22]

Participants were categorized into: smokers (current/
former smokers), or non-smokers in the analysis.

Outdoor air pollution was indicated by PM2.5 concentra-
tion. We collected time point PM2.5 concentrations every
day for each study site from the provincial environment
monitoring system.[23] We then calculated the arithmetic
mean value of daily PM2.5 concentrations for each study
site. Participants were categorized as follows: exposure to
either ≥75 or<75 mg/m3 according to Chinese ambient air
quality standards.[3,24]

Indoor air pollution was predicted based on the type of fuel
used for cooking or heating within households. Biomass
fuels included coal, wood, grass, and crop residues, while
non-biomass fuels included natural gas, electricity, and
solar energy.[25] Thus, the subjects were grouped into
biomass use or non-biomass use.

Parental history of respiratory disease was defined as
positive or negative. Positive history was defined as the
father/mother having been diagnosed with any of the
following respiratory diseases: asthma, chronic bronchitis,
emphysema, COPD, pulmonary heart disease, or bron-
chiectasis; while negative history included that neither of
the parents had been diagnosed with any of the diseases
mentioned above.

Body weight status was defined as BMI using the cutoffs
recommended for Chinese adults.[26] Participants were
categorized into three subgroups: BMI<24 kg/m2, BMI 24
to 27 kg/m2, or BMI ≥28 kg/m2. We objectively assessed
subjects’ body weight to the nearest 0.1 kg and body height
to 0.1 cm, and then computed BMI as body weight (kg)
divided by the square of body height (m2).
Statistical analysis

In the prevalence study section, the relationships between
sub-populations at different SES levels and the prevalence
of COPD were analyzed. First, differences in COPD
prevalence according to different sociodemographic char-
acteristics and influencing factors were examined using the
Chi-square test for categorical variables or t-test for
continuous variables. Then, mixed-effects logistic regres-
sion models were introduced to compute odds ratios (ORs)
and 95% confidence intervals (95% CIs) for investigating
associations between SES indicators and COPD, with
study sites treated as random effects. Two models were
constructed: one was a univariable model with each SES
indicator as the main effect, and a multivariable model
with adjustment for potential risk factors of COPD (age,
gender, residence, outdoor and indoor air pollution, body
weight status, and cigarette smoking). Receiver operating
characteristic (ROC) curve analyses were used to identify
the utility of SES indices for the prediction of COPD
diagnosis. Statistical significance was set at P< 0.05.

In the pathway analysis section, the relationship between
explanatory variables, covariates, and pulmonary function
test indexes of the participants was quantitatively analyzed
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Table 1: Selected socio-demographic and anthropometric char-
acteristics of participants in this study (n= 2421).

Items n Percentage (%)

Age (years)
40–49 646 26.7
50–59 821 33.9
60–69 710 29.3
≥70 244 10.1

Residence
Urban 1201 49.6
Rural 1220 50.4

Gender
Men 1188 49.1
Women 1233 50.9

Chinese Medical Journal 2021;134(13) www.cmj.org
using multiple linear regression analysis. First, hypotheses
pathways were put forward based on previous studies.
Second, taking each endogenous variable as the dependent
variable and the variable pointed by the arrow as the
independent variable, a linear regression equation was
established to obtain the regression coefficient. Then, we
obtain the direct and indirect effects of the independent
variables on the pulmonary function test indexes each
through the path coefficients and the product of the path
coefficients. Finally, we obtained the total effect of SES
status on lung function indices by integration. Repeated
calls to the linear procedure were used for path analyses.
Results were considered statistically significant at
P< 0.05. All of the above analyses were performed using
IBM SPSS Statistics forWindows, version 21.0 (IBMCorp,
Armonk, NY, USA).
Educational attainment (years)
�9 1928 79.6
10–12 405 16.7
≥13 88 3.6

Occupation
∗

Blue collar 1673 69.1
White collar 748 30.9

FAI (tertile)
Lower 823 34.0
Middle 856 35.4
Upper 742 30.6

BMI (kg/m2)†

<24 935 38.6
24–27 1066 44.0
≥28 420 17.3

∗
Blue collars included farmers, factory workers, forestry workers, fishers,

salespersons, houseworkers, and vehicle drivers; white collars included
office workers, teachers, doctors, academic researchers, and government
officials. †Body weight status was assessed based on BMI cutoffs
specifically recommended for Chinese adults. BMI: Bodymass index; FAI:
Family average income.
Results

The six included DSPs were Yuhuatai District in Nanjing,
YangzhongCounty inZhenjiang, JiangyinCounty inWuxi,
Haizhou District in Lianyungang, Huai’an District in
Huai’an, and Liyang County in Changzhou. Finally, there
were 13 administrative streets/towns, 14 neighborhoods, 12
villages, and 2600 households included in this study. We
recruited one eligible participant from each of the selected
households. Of the 2600 eligible participants, 2421
completed the study (response rate 93.1%). There were
no significant differences in sociodemographic character-
istics between those who completed and did not complete
the study. Table 1 presents the participants’ sociodemo-
graphic and anthropometric characteristics. Among the
respondents, the mean age (standard deviation) was
56.63± 9.62 years for overall participants, 57.47± 9.69
years for men, and 55.81± 9.49 years for women. In
addition, 49.6%(1201/2421)were urbanparticipants,with
49.1% (1188/2421) of men; 79.6% (1928/2421) had less
than 9-schooling years; 69.1% (1673/2421) had blue collar
jobs; and 17.3% (420/2421) were obese individuals.

Table 2 shows COPD prevalence among participants with
different characteristics in this study. The overall preva-
lence of COPD was 11.8% (95% CI: 10.5%–13.1%). The
prevalence of COPD steadily increased with an increase in
participants’ age. COPD prevalence was significantly
higher in men (17.8%) than women (6.0%). However,
there was no significant difference in COPD prevalence
between urban (12.6%) and rural (11.0%) residents.
Undoubtedly, the prevalence was higher among smokers
(20.0%) compared with non-smokers (6.0%). Also, the
prevalence of COPD was higher for residents living in
areas with PM2.5 concentration ≥75mg/m3 (13.8%) than
in those with PM2.5 concentration <75mg/m3 (10.7%).

Table 3 displays associations of SES indicators with COPD
among participants. After adjustment for age, gender,
residence, outdoor and indoor air pollution, body weight
status, cigarette smoking, and potential clustering effects
by study areas, educational level was negatively associated
with the prevalence of COPD in men.White collars were at
lower risk (OR: 0.60, 95% CI: 0.43–0.83) of experiencing
COPD than blue collars. Compared with those within the
lower FAI tertile subgroup, participants within the upper
1555
(OR: 0.68, 95%CI: 0.49–0.97) tertiles were less likely to
experience COPD. Considering only 74 COPD cases in
women, we performed a stratified analysis by gender, and
found that such negative associations between all these
three SES indicators and COPDprevalence were significant
amongmen only.Moreover, it seemed that FAI was amore
sensitive index of SES in this study. There was a higher area
under the ROC curve (AUC) of FAI (AUC = 0.8025)
compared with education (AUC = 0.7688) and occupation
(AUC = 0.7223) in ROC curve analyses for the prediction
of COPD diagnosis.

Table 4 and Supplementary Figure 1, http://links.lww.com/
CM9/A690 display the decomposition effect of education,
occupation, and FAI on pulmonary function test indexes
through BMI, cigarette smoking, and indoor and outdoor
air pollution. As expected, we found statistically significant
direct correlations between all of the SES variables and
FEV1/FVC, FEV1, and FVC (all P< 0.01). The weakest
relationship existed between occupation and FEV1/FVC
with ab coefficient of�0.042, and the strongest relationship
existed between education and FEV1 with a b coefficient of
0.284. As for FEV1% pred, only educational level had a
significant direct relationship with it (b=�0.076). Educa-
tion had an indirect effect on FVC and FEV1% pred by
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Table 2: Prevalence of COPD among participants by socio-demographic attributes and risk factors in this study.

COPD prevalence (n= 2421)

Items n % (95% CI) x2 values P values

Overall 285 11.8 (10.5, 13.1)
Age (years) 139.81 <0.001
40–49 20 3.1 (1.8, 4.4)
50–59 71 8.6 (6.7, 10.6)
60–69 126 17.7 (14.9, 20.6)
≥70 68 27.9 (22.2, 33.5)

Residence 1.47 0.225
Urban 151 12.6 (10.7, 14.4)
Rural 134 11.0 (9.2, 12.7)

Gender 80.56 <0.001
Men 211 17.8 (15.6, 19.9)
Women 74 6.0 (4.7, 7.3)

Educational attainment (years) 8.59 0.014
�9 245 12.7 (11.2, 14.2)
10–12 35 8.6 (5.9, 11.4)
≥13 5 5.7 (0.8, 10.5)

Occupation
∗

1.53 0.217
Blue collar 206 12.3 (10.7, 13.9)
White collar 79 10.6 (8.4, 12.8)

FAI (tertile) 26.82 <0.001
Lower 135 16.4 (13.9, 18.9)
Middle 87 10.2 (8.1, 12.2)
Upper 63 8.5 (6.5, 10.5)

BMI (kg/m2)† 7.74 0.021
<24 130 11.3 (11.7, 16.1)
24–27 117 11.0 (9.1, 12.9)
≥28 38 9.0 (6.3, 11.8)

Smoking status‡ 111.05 <0.001
Smokers 200 20.0 (17.5, 22.4)
Non-smokers 85 6.0 (4.8, 7.2)

Outdoor air pollution (PM2.5) 5.07 0.023
<75mg/m3 169 10.7 (9.2, 12.2)
≥75mg/m3 116 13.8 (11.5, 16.1)

∗
Blue collars included farmers, factory workers, forestry workers, fishers, salespersons, houseworkers, and vehicle drivers; white collars included office

workers, teachers, doctors, academic researchers, and government officials. †Body weight status was assessed based on BMI cutoffs specifically
recommended for Chinese adults. ‡ Smokers referred to either current (continuously smoked at least one cigarette every day for at least 1 year or totally
smoked over 18 packs in a year) or former (met the criteria of current smokers previously but had not smoked for>1 year) smokers, while non-smokers
were those not meeting the current/former smokers’ criteria. BMI: Body mass index; CI: Confidence interval; COPD: Chronic obstructive pulmonary
disease; FAI: Family average income; PM2.5: Particulate matter (PM) with a diameter less than 2.5mm.
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influencing outdoor air pollution, and the indirect effect
coefficients were 0.011 and �0.018, respectively. Occupa-
tion affected FEV1/FVC by influencing BMI, cigarette
smokingand indoorairpollution, and theb coefficientof the
total indirect effect was �0.009. Occupation can affect
FEV1 through cigarette smoking (b= 0.033), and affect
FVC through cigarette smoking and indoor air pollution
(b= 0.038). FAI had indirect effects on FEV1/FVC
(b= 0.025) through cigarette smoking and indoor air
pollution; FAI indirectly affected FVC (b=�0.037)
through cigarette smoking and outdoor air pollution.
Discussion

In the present study, we sought to investigate the
association between SES, including education, occupation,
and FAI, and COPD prevalence among adults aged 40
1556
years and above in Jiangsu province of China. It was
observed that white collars, or participants within the
upper FAI tertile, were less likely to experience COPD.
However, such negative associations remained only for
men but not for women in the gender-stratified analysis. At
present, the most authoritative epidemiological studies of
COPD prevalence in China are all based on spirometry,
because lung function indices are the most important
standards for the diagnosis of COPD.[3,5] Therefore, we
further focused on the influence of SES on the lung function
indices to explore the reasons for the COPD prevalence
disparity between men and women caused by SES.

Our findings were in line with those of previous studies[6-9]

in that either of occupation or FAI was inversely associated
with COPD. In our study, the main risk factors for COPD
such as cigarette smoking and air pollution were
controlled. Notably, the SES–COPD relationship was
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independent of the two main risk factors, which is
consistent with previous reports overseas.[8,27,28] We also
conducted the path analyses and identified several factors
that lead to different COPD prevalences at various levels of
SES. To our knowledge, this is the first study that attempts
to understand the related factors and pathways associated
with SES, pulmonary function impairment, and COPD
prevalence in China. We identified four variables, includ-
ing BMI, cigarette smoking, and indoor and outdoor air
pollution, in the path analysis of the SES-related factors for
pulmonary function impairment in COPD. The results
suggested that education, FAI, and occupation not only
had direct effects on pulmonary function test indexes (post-
bronchodilator FEV1/FVC, FEV1, FVC, FEV1% pred), but
also had indirect effects on them through smoking status,
indoor air pollution, and outdoor air pollution.

The underlying mechanism may include the following
aspects: First, people with low SES might engage in more
unhealthy behaviors and poor nutrition and consequently
become at high risk for COPD.[3,29] Second, residents with
low SES might have disadvantages in accessing health care
services which possibly led to worse health outcomes.[30]

Third, participants with low SES might not have satisfactory
self-protection against risk factors and thus are subsequently
exposed to them, for example, outdoor/indoor air pollu-
tion.[7,31] Fourth, the impact of different SES on COPD
prevalenceand lung function injurybetweenmenandwomen
may be due to indirect factors (smoking, indoor and outdoor
air pollution). In China, cigarette smoking is still cardinally a
male behavior, and of all smokers, male accounted for 74%,
while females for only 8%.[32] For females in China, with the
economic growthover past decades, clean energy andkitchen
ventilators might become easily affordable and widely used
for cooking and heating in households. Indoor air pollution
caused by domestic fuels used, kitchen ventilation, and
heating in winter which is a great threat to women is now
diminished.[33,34] For males in China, jobs with higher
outdoor air pollution are still mainly undertaken by them.
Exposure to outdoor air pollutants is significantly correlated
with increasing emphysema andworsening lung function.[35]

The SES disparity in COPD is a public health concern. It
was shown to have a greater impact on medical care
accessible to the COPD patients.[36] It is important to well
understand the direct and indirect relationship between
SES and COPD for population-based COPD prevention
worldwide, particularly in China, where rapid economic
growth has been causing SES inequality over past
decades.[37,38] Different indices used to predict SES might
display different scenarios of the SES–COPD relationship.
The different scenarios of SES play a role through different
classic factors. Thus, it is necessary to explore SES–COPD
associations with different indices. This would help
develop community-based COPD intervention programs
tailored for SES index-sensitive subgroups of the popula-
tion. Moreover, SES disparity in COPDmight change with
social and economic development. Therefore, it is neces-
sary to continuously monitor and investigate SES–COPD
relationship in the future.

This study had several strengths. First, COPD was
diagnosed based on spirometry, respiratory symptoms,
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Table 4: Path analysis for the associations between education, occupation, FAI, and pulmonary function test indexes.

Independent variables Dependent variables b values of direct effects b values of indirect effects b values of total effects

Education BMI 0.001 – 0.001
Cigarette smoking 0.029 – 0.029
Indoor air pollution �0.139 – �0.139
Outdoor air pollution �0.123 – �0.123
FEV1/FVC 0.113 �0.001 0.112
FEV1 0.284 0.010 0.294
FVC 0.249 0.011 0.260
FEV1% pred �0.076 �0.018 �0.094

Occupation BMI 0.045 – 0.045
Cigarette smoking 0.069 – 0.069
Indoor air pollution �0.183 – �0.183
Outdoor air pollution 0.122 – 0.122
FEV1/FVC �0.042 �0.009 �0.051
FEV1 �0.102 0.033 �0.069
FVC �0.092 0.038 �0.054
FEV1% pred 0.029 �0.001 0.028

Family average income BMI 0.017 – 0.017
Cigarette smoking �0.060 – �0.060
Indoor air pollution �0.117 – �0.117
Outdoor air pollution �0.251 – �0.251
FEV1/FVC 0.043 0.025 0.068
FEV1 0.066 �0.025 0.041
FVC 0.049 �0.037 0.012
FEV1% pred �0.028 �0.013 �0.041

Data were shown as b values with statistical significance. All the b values in this table were adjusted for age, gender, residence, and parental history of
respiratory diseases. BMI: Body mass index; FAI: Family average income; FEV1: Forced expiratory volume in 1 s; FEV1% pred: FEV1 percentage of
predicted; FVC: Forced vital capacity; –: Not applicable.
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and risk factors. Furthermore, the three classic indices of
SES, that is, education, occupation, and FAI were used
separately to examine the SES–COPD relationship,
showing that FAI was more sensitive as an SES indicator.
Remarkably, the main risk factors of COPD, smoking and
air pollution, were manipulated in the current study. In
addition, potential clustering effects in the study area were
considered in the analysis.

Of note, there were some limitations to this study. First, it
was a cross-sectional survey. Thus, no causal association
could be addressed. Second, the sample size was estimated
to investigate the SES–COPD relationship among overall
adults without consideration of stratified analysis, which
led to few COPD cases identified in women. Third,
information on SES indicators was self-reported, which
might have caused a potential recall bias. For example,
personal income may be under-reported. Although data
were initially collected in late 2015, data were actually
entered and arranged in 2017, and then were made
available in 2018. The experimental data at hand were the
latest population-based information regarding COPD in
both Jiangsu province and China. As SES may change for
people with social development, dynamically investigating
the relationship between SES and COPD is of significant
importance for identifying SES-vulnerable people for
tailored population-based COPD prevention campaigns.
Fourth, the pathway construction was based on previous
studies, but as this study is a cross-sectional study, the
related factors in pathway analysis did not arrange in time
1558
order. In the future, well-designed studies, using different
indices, are warranted to periodically investigate SES–
COPD associations with sufficient sample sizes.

In conclusion, education (in men), occupation, and FAI
were inversely and directly related to COPD prevalence in
Jiangsu province, China. SES was also found to have both
direct and indirect associations through cigarette smoking
and air pollution with pulmonary function impairment. It
has important public health implications that population-
based COPD prevention strategies should be tailored for
people with different SES.
Acknowledgements

The authors are grateful to all research staff for their efforts
in data collection, functional, and physical examinations.
The authors’ special thanks also go to all local centers for
disease control and prevention for their support and
coordination for field survey.
Funding

This work was supported by grants from the National Key
Research and Development Program of China (No.
2018YFC1313602 and 2016YFC1302603), National
Natural Science Foundation of China (No.
81820108001, 81670029, and 81470273), Jiangsu Jian-
kang Vocational College Project (No. JKC202012),
Science and Technology Development Fund of Nanjing

http://www.cmj.org


Chinese Medical Journal 2021;134(13) www.cmj.org
Medical University (No. NMUB2020190), Nanjing Med-
ical Science and Technique Development Foundation (No.
QRX17199), Nanjing Medical Science and Technique
Development Foundation (No. QRX11038), National
ChinaMedicine Science and Technology Special Project of
Jiangsu Province (No. BL2014083), Six Talent Peak
Project of Jiangsu Province (No. 2012-WS-114), Nanjing
Science and Technology Plan Project (No. 201803064),
Jiangsu Pharmaceutical Association Project (No.
Q2018049), and Nanjing Key Project of Science and
Technology (No. 2019060002).
Conflicts of interest

None.
References
1. Halpin DMG, Celli BR, Criner GJ, Frith P, López VarelaMV, Salvi S,

et al. TheGOLD Summit on chronic obstructive pulmonary disease in
low- and middle-income countries. Int J Tuberc Lung Dis
2019;23:1131–1141.

2. Burney P, Jarvis D, Perez-Padilla R. The global burden of chronic
respiratory disease in adults. Int J Tuberc Lung Dis 2015;19:10–20.
doi: 10.5588/ijtld.14.0446.

3. Wang C, Xu J, Yang L, Xu Y, Zhang X, Bai C, et al. Prevalence and
risk factors of chronic obstructive pulmonary disease in China (the
China Pulmonary Health [CPH] study): a national cross-sectional
study. Lancet 2018;391:1706–1717. doi: 10.1016/S0140-6736(18)
30841-9.

4. YinM,WangH,HuX, Li X, Fei G, Yu Y. Patterns of brain structural
alteration in COPD with different levels of pulmonary function
impairment and its association with cognitive deficits. BMC Pulm
Med 2019;19:203. doi: 10.1186/s12890-019-0955-y.

5. Fang L, Gao P, Bao H, Tang X, Wang B, Feng Y, et al. Chronic
obstructive pulmonary disease in China: a nationwide prevalence
study. Lancet Respir Med 2018;6:421–430. doi: 10.1016/S2213-
2600(18)30103-6.

6. GershonAS,DolmageTE, StephensonA, JacksonB.Chronic obstructive
pulmonary disease and socioeconomic status: a systematic review.
COPD 2012;9:216–226. doi: 10.3109/15412555.2011.648030.

7. Pleasants RA, Riley IL, Mannino DM. Defining and targeting health
disparities in chronic obstructive pulmonary disease. Int J Chron
Obstruct Pulmon Dis 2016;11:2475–2496. doi: 10.2147/COPD.
S79077.

8. Johannessen A, Eagan TM, Omenaas ER, Bakke PS, Gulsvik A.
Socioeconomic risk factors for lung function decline in a general
population. Eur Respir J 2010;36:480–487. doi: 10.1183/
09031936.00186509.

9. Sahni S, Talwar A, Khanijo S, Talwar A. Socioeconomic status and its
relationship to chronic respiratory disease. Adv Respir Med
2017;85:97–108. doi: 10.5603/ARM.2017.0016.

10. Robbins JM, Vaccarino V, Zhang H, Kasl SV. Socioeconomic status
and type 2 diabetes in African American and non-Hispanic white
women and men: evidence from the Third National Health and
Nutrition Examination Survey. Am J Public Health 2001;91:76–83.
doi: 10.2105/ajph.91.1.76.

11. Xu F, Yin XM, ZhangM, Leslie E, Ware R, OwenN. Family average
income and diagnosed Type 2 diabetes in urban and rural residents in
regional mainland China. Diabet Med 2006;23:1239–1246. doi:
10.1111/j.1464-5491.2006.01965.x.

12. Hwang J, Shon C. Relationship between socioeconomic status and
type 2 diabetes: results from Korea National Health and Nutrition
Examination Survey (KNHANES) 2010-2012. BMJ Open 2014;4:
e005710. doi: 10.1136/bmjopen-2014-005710.

13. Bird Y, Lemstra M, Rogers M, Moraros J. The relationship between
socioeconomic status/income and prevalence of diabetes and
associated conditions: a cross-sectional population-based study in
Saskatchewan, Canada. Int J Equity Health 2015;14:93. doi:
10.1186/s12939-015-0237-0.

14. Xu F, Yin XM, Zhang M, Ware RS, Leslie E, Owen N. Cigarette
smoking is negatively associated with family average income among
1559
urban and rural men in regional mainland China. Int J Ment Health
Addict 2007;5:17–23. doi: 10.1007/s11469-006-9043-7.

15. Xu F, Yin XM, ZhangM, Leslie E, Ware R, OwenN. Family average
income and body mass index above the healthy weight range among
urban and rural residents in regional Mainland China. Public Health
Nutr 2005;8:47–51. doi: 10.1079/phn2005653.

16. Xu F, He J, Wang Z, Ware RS. The relationship between socio-
economic status and diagnosed Type 2 diabetes is changing with
economic growth in Nanjing, China. Diabet Med 2018;35:567–575.
doi: 10.1111/dme.13597.

17. Li S, Xu F, He J, Wang Z, Tse LA, Xiong Y, et al. Re-look at
socioeconomic inequalities in stroke prevalence among urban
Chinese: is the inflexion approaching? BMC Public Health
2018;18:367. doi: 10.1186/s12889-018-5279-y.

18. Xu F, Yin X, Shen H, Xu Y,Ware RS, Owen N. Better understanding
the influence of cigarette smoking and indoor air pollution on chronic
obstructive pulmonary disease: a case-control study in Mainland
China. Respirology 2007;12:891–897. doi: 10.1111/j.1440-
1843.2007.01178.x.

19. Zhong N, Wang C, Yao W, Chen P, Kang J, Huang S, et al.
Prevalence of chronic obstructive pulmonary disease in China: a
large, population-based survey. Am J Respir Crit Care Med
2007;176:753–760. doi: 10.1164/rccm.200612-1749OC.

20. Vogelmeier CF, Criner GJ, Martinez FJ, Anzueto A, Barnes PJ,
Bourbeau J, et al. Global strategy for the diagnosis, management, and
prevention of chronic obstructive lung disease 2017 report. GOLD
executive summary. Am J Respir Crit Care Med 2017;195:557–582.
doi: 10.1164/rccm.201701-0218PP.

21. Standardization of spirometry, 1994 update. American Thoracic
Society. Am J Respir Crit Care Med 1995;152:1107–1136. doi:
10.1164/ajrccm.152.3.7663792.

22. Xu F, Yin X, ZhangM, Shen H, Lu L, Xu Y. Prevalence of physician-
diagnosed COPD and its association with smoking among urban and
rural residents in regional mainland China. Chest 2005;128:2818–
2823. doi: 10.1378/chest.128.4.2818.

23. Report of Daily PM2.5 Concentrations. Department of Ecology and
Environment of Jiangsu Province, 2015. Available from: http://hbt.
jiangsu.gov.cn/2020_05_30/en/. [Accessed May 30, 2020]

24. Huang F, Li X, Wang C, Xu Q, Wang W, Luo Y, et al. PM2.5
spatiotemporal variations and the relationship with meteorological
factors during 2013-2014 in Beijing, China. PLoS One 2015;10:
e0141642. doi: 10.1371/journal.pone.0141642.

25. Li T, Hu R, Chen Z, Li Q, Huang S, Zhu Z, et al. Fine particulate
matter (PM2.5): the culprit for chronic lung diseases in China.
Chronic Dis Transl Med 2018;4:176–186. doi: 10.1016/j.
cdtm.2018.07.002.

26. Gao M, Wei YX, Lyu J, Yu CQ, Guo Y, Bian Z, et al. The cut-off
points of body mass index and waist circumference for predicting
metabolic risk factors in Chinese adults [in Chinese]. Chin J
Epidemiol 2019;40:1533–1540. doi: 10.3760/cma.j.issn.0254-
6450.2019.12.006.

27. Hedberg A, Rössner S. Body weight characteristics of subjects on
asthma medication. Int J Obes Relat Metab Disord 2000;24:1217–
1225. doi: 10.1038/sj.ijo.0801382.

28. Bakke PS, Hanoa R, Gulsvik A. Educational level and obstructive
lung disease given smoking habits and occupational airborne
exposure: a Norwegian community study. Am J Epidemiol
1995;141:1080–1088. doi: 10.1093/oxfordjournals.aje.a117373.

29. Pampel FC, Krueger PM, Denney JT. Socioeconomic disparities in
health behaviors. Annu Rev Sociol 2010;36:349–370. doi: 10.1146/
annurev.soc.012809.102529.

30. Schuler A, O’S�uilleabháin L, Rinetti-Vargas G, Kipnis P, Barreda F,
Liu VX, et al. Assessment of value of neighborhood socioeconomic
status in models that use electronic health record data to predict
health care use rates and mortality. JAMA Netw Open 2020;3:
e2017109. doi: 10.1001/jamanetworkopen.2020.17109.

31. Mannino DM, Buist AS. Global burden of COPD: risk factors,
prevalence, and future trends. Lancet 2007;370:765–773. doi:
10.1016/S0140-6736(07)61380-4.

32. Wang Q, Shen JJ, Sotero M, Li CA, Hou Z. Income, occupation and
education: are they related to smoking behaviors in China? PLoSOne
2018;13:e0192571. doi: 10.1371/journal.pone.0192571.

33. Baumgartner J, Clark S, Carter E, Lai A, Zhang Y, Shan M, et al.
Effectiveness of a household energy package in improving indoor air
quality and reducing personal exposures in rural China. Environ Sci
Technol 2019;53:9306–9316. doi: 10.1021/acs.est.9b02061.

http://hbt.jiangsu.gov.cn/2020_05_30/en/
http://hbt.jiangsu.gov.cn/2020_05_30/en/
http://www.cmj.org


Chinese Medical Journal 2021;134(13) www.cmj.org
34. GuanY, Tai L, ChengZ, ChenG, Yan B,Hou L. Biomassmolded fuel
in China: current status, policies and suggestions. Sci Total Environ
2020;724:138345. doi: 10.1016/j.scitotenv.2020.138345.

35. XingDF, XuCD, LiaoXY,Xing TY, Cheng SP, HuMG, et al. Spatial
association between outdoor air pollution and lung cancer incidence
in China. BMC Public Health 2019;19:1377. doi: 10.1186/s12889-
019-7740-y.

36. Qaseem A, Wilt TJ, Weinberger SE, Hanania NA, Criner G, van der
Molen T, et al. Diagnosis and management of stable chronic
obstructive pulmonary disease: a clinical practice guideline update
from the American College of Physicians, American College of Chest
Physicians, American Thoracic Society, and European Respiratory
Society. Ann Intern Med 2011;155:179–191. doi: 10.7326/0003-
4819-155-3-201108020-00008.
1560
37. Zhou YK, Ma T, Zhou CH, Xu T. Nighttime light derived
assessment of regional inequality of socioeconomic development in
China. Remote Sensing 2015;7:1242–1262. doi: 10.3390/
rs70201242.

38. Bickenbach F, Liu WH. Regional inequality of higher education in
China and the role of unequal economic development. Front Edu
Chin 2013;8:266–302. doi: 10.3868/s110-002-013-0018-1.

How to cite this article: Zhang DD, Liu JN, Ye Q, Chen Z, Wu L, Peng
XQ, Lu G, Zhou JY, Tao R, Ding Z, Xu F, Zhou L. Association between
socioeconomic status and chronic obstructive pulmonary disease in
Jiangsu province, China: a population-based study. Chin Med J
2021;134:1552–1560. doi: 10.1097/CM9.0000000000001609

http://www.cmj.org

	Association between socioeconomic status and chronic obstructive pulmonary disease in Jiangsu province, China: a population-based study
	Introduction
	Methods
	Ethical approval
	Participants
	Data collection
	Spirometry
	Study variables
	Outcome variable
	Explanatory variables
	Other covariates

	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Funding
	Conflicts of interest
	References


