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Background: Air pollution is an important factor in health outcomes and health-care
expenditure. It has become an important issue of global concern. The objective of this
study was to explore the influence of air pollution on the economic burden of respiratory
diseases using different levels of PM, 5.

Methods: Starting from the demand side, we took the 3,546 patients in the Respiratory and
Critical Care Department of a tertiary hospital in Beijing between 2013 and 2015 as
examples, combining daily air-quality data using a generalized linear regression—analysis
model to explore the impact of air pollution on health-care expenditure on a microindividual
level.

Results: We found that PM, s had a significant impact on health-care expenditure on
respiratory diseases. It had a positive impact on total health-care expenditure, drug expen-
diture, and antibiotic expenditure. The impact of different levels of air pollution on the health
care—expenditure burden of disease was heterogeneous. As the air-pollution index increased,
health care—expenditure burden of respiratory diseases also gradually raised. The impact of
PM,( and air-quality index had a positive impact on health-care expenditure for respiratory
diseases. Air pollution had a significant impact on health care—expenditure burden of
respiratory diseases. The effect of length of stay on various health-care expenditure was
significantly positive.

Conclusion: The impact of mortality-risk classification on various health-care expenditure
is significant. Therefore, policy-making must take into account both the supply side and the
demand side of health-care services. Furthermore, the government should strengthen envir-
onmental governance, pay attention to the heterogeneity of the health care—expenditure
burden affected by environmental pollution, improve the medical insurance system, and
improve the health of residents to reduce the health care—expenditure burden.

Keywords: air pollution, PM, s, respiratory diseases, health care—expenditure burden,
individual health level

Introduction

Air pollution has become a major public concern around the world. It is caused
mainly by the combustion of fuel and waste, industrial activities, and natural dust,
including fine particles and harmful gases. According to a survey conducted by the
World Health Organization, 90% of residents in the world live in areas that do not
meet WHO air-quality standards." The Global Burden of Diseases, Injuries, and
Risk Factor Study 2015 (GBD2015) showed that environmental pollution is the
main factor affecting the global burden of disease, especially in low-and middle-
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income countries.” The impact of exposure to PM, s on the
global burden of disease continues to increase. The num-
ber of deaths resulting from PM,s increased from
3.5 million in 1990 to 4.2 million in 2015, accounting
for 7.6% of total deaths all around the world. It is one of
the five major risk factors for death.® As is known to all,
China’s economy has developed rapidly since its economic
reform and opening up in 1978. However, with economic
development, population growth, and urbanization accel-
eration, environmental problems, especially air pollution,
are getting worse. According to the Report on the State of
the Ecology and Environment in China in 2018, only
35.8% of a total 338 cities met national air-quality stan-
dards. Air-pollution improvement has become the top
priority of China’s entire society. In 2018, the State
Council issued and implemented the Three-Year Action
Plan for Winning the Battle in Defense of Blue Skies,
marking ecological environmental protection reaching
a new stage. At the same time, some studies showed that
air pollution not only damages residents’ physical health?
but also worsens mental health.” Furthermore, Healthy
China 2030 proposes that prosperity for all is impossible
without health for all, and it is necessary to solve the
environmental problems that affect the population’s health.
Therefore, it is especially urgent and important to explore
the relationship between air pollution and health in China.

The nexus of air pollution and health has received
widespread attention from scholars. At present, there are
two main types of research on the relationship between air
pollution and health. The first type explores the impact of
air pollution on residents’ health outcomes from a medical
or public health perspective. Air pollution is the biggest
environmental risk to health, mainly causing cardiovascu-
lar and respiratory diseases. As such, there have been
a large amount of studies using cardiovascular or respira-
tory diseases as examples to study the impact of air pollu-
tion on health. Studies have shown that compared with
other causes of death, the impact of air pollution on
cardiovascular disease is the largest.® Both developed
and developing countries have confirmed that air pollution
increases the rate of cardiovascular and respiratory dis-

7-13

eases, hospital admissions, and mortality.">'® Air pol-

lution can also affect birth outcomes, such as low birth
weight xx,'>2! preterm birth (PTB),”*>>* and births small
for gestational age (SGA).*>*° In addition, air pollution

also affects diabetes mellitus,?’>2

33-38

cognitive functioning

39

and impairment, and metabolic syndrome.

The second type of research is the study of the impact
of air pollution on health-care expenditure from social and
economic perspectives. Narayan and Narayan®® used
1980-1999 data from eight OECD countries to study the
effect of air pollution on health-care expenditure. Short-
indicates that CO;
a positive impact on health expenditure, while long-term

term elasticity emissions have
elasticity indicates that apart from CO,, SO emissions also
have an impact on health expenditure. Apergis et al*' used
panel data from 178 countries during 1995-2017 to eval-
uate the relationship between health-care expenditure and
air pollution among different income groups. In general,
a 1% increase in CO, emissions increased health-care
expenditure by 2.5%. Specifically, health-care expenditure
in the low-income, low—middle income, high—-middle
income, and high-income groups increased by 2.9%,
1.2%, 2.312%, and 2.6% respectively. Scholars have
focused not only on cross-country studies but also single
country studies to explore the relationship between air
pollution and health-care expenditure. Apergis et al*?
used panel data from 50 states in the US spanning the
period 1966-2009 to evaluate the short- and long-term
effects of CO, emissions on health-care expenditure.
Quantile regression results showed that the impact of
CO, emissions on health-care expenditure was more sig-
nificant in states with higher health-care expenditure. In
detail, CO, emissions increased by 1% and health-care
within the 10th and 90th

percentiles increased by 0.13% and 0.16%, respectively.

expenditure of states
Romley et al used data from California to investigate how
air pollution affected private and public insurer spending.
The results showed that there were 30,000 hospital admis-
sions and emergency visits due to California’s poor air
quality during 2005-2007.%

Jerrett et al** used data from 49 counties in Ontario,
Canada to explore the relationship between health-care
expenditure and pollution. Regression results showed that
toxic-pollutant emission was significantly linked to health
expenditure. Counties with higher toxic-pollutant emis-
sions had higher health-care expenditure per capita, while
those with higher expenditure on environmental protection
had lower health-care expenditure. Based on data from 16
provinces and cities in South Korea in the period
2010-2017, An and Heshmati* took four diseases caused
by environmental pollution — vascular mobility and aller-
gic rhinitis, atopic dermatitis, asthma, and asthma-
persistence status — as examples to explore the influence
of air pollution on health-care expenditure. Effects of air
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pollution on health-care expenditure were analyzed using
a fixed-effect model and a random-effect model. The
results showed that air pollutants had a positive impact
on health-care expenditure. In 2016, health-care expendi-
ture related to environmental pollution reached ¥-
438 billion. If the environment quality met WHO
standards, it would save W120.4 billion. Low- and middle-
income countries suffer a greater disease burden from air
pollution." Therefore, research taking developing countries
as an example have also begun. Raeissi et al*® analyzed
the impact of air pollution on private and public health
expenditure using Iranian panel data from 1972 to 2014.
The results showed that for a 1% increase in CO, emis-
sions, public and private health expenditure would
increase by 3.32% and 1.16%, respectively.

In summary, many scholars have focused on the effect
of environment pollution on health issues and conducted
detailed studies on the impact of air pollution on health
outcomes and expenditure. In this paper, we attempt to
explore the impact of air pollution on burden of disease
from the demand side. Combining microdata from the
Department of Respiratory and Critical Care Medicine of
a tertiary hospital and daily air-quality data in Beijing, we
performed multiple regression in order to fill the gap in
existing research and provide empirical evidence for pol-
icy development. The objective of this study was to
explore the influence of air pollution on the economic
burden of respiratory diseases using different levels of
PM, 5. In the following sections, we describe our data
sources and statistical analysis,followed by a description
of our descriptive and multivariate findings. The findings
are then discussed.

Methods

Data Sources and Variable Selection

We collected 3,546 samples of data from Beijing for
2013-2015. The 3,546 samples were patients hospitalized
in the Department of Respiratory and Critical Care
Medicine of a tertiary hospital in Beijing between 2013
and 2015. The data are in two parts. One part are indivi-
dual health
Department of Respiratory and Critical Care Medicine of

care—expenditure dataprovided by the
the tertiary hospital. Health-care expenditure is money
spent on respiratory disease treatment. The other part is
air-pollution data obtained from the website http://beijin
gair.sinaapp.com. The Beijing Municipal Environmental
Monitoring Center is one of the earliest professional

environmental monitoring agencies in China, and it is
also a national environmental monitoring primary station.
The main responsibility of the center is to monitor atmo-
spheric elements, water, noise, soil, ecology, and other
environmental elements within Beijing. The center pub-
lishes hourly air-pollutant data on their official website,
publishing hourly monitoring data from 35 measurement
stations for air pollutants in Beijing. It also includes data
from the official website of the Beijing Municipal
Environmental Monitoring Center. Weselected the 24-
hour average from the measurement station nearest the
tertiary hospital. Missing values were replaced by closes
values.

The dependent variable was health-care expenditure,
which falls into total health-care expenditure, drug expen-
diture, diagnostic test expenditure, medical consumable
expenditure, nursing expenditure, bed expenditure, blood
expenditure, and antibiotic-consumption expenditure. The
independent variable was the degree of air pollution, mea-
sured by three parameters: PM, s, PM;, and air-quality
index(AQI). Among these, PM, s is particles in the air
with a diameter <2.5 um, and PM,, particles in the air
with a diameter <10 um. According to the air-pollution
index PM, s classification standard, the degree of air pol-
lution is divided into excellent (0-50), good (50-100),
light pollution (100-150), medium pollution (150-200),
heavy pollution (200-300), and serious pollution (>300).
The control variables mainly refer to the relevant indica-
tors of diagnosis-related groups (DRGs): length of stay,
weight, mortality-risk classification, reference average
health-care expenditure, and reference average length of
hospital stay.

Model Construction
The empirical research method of this paper was logistic
regression, which is a generalized linear regression—analy-
sis model. Logistic regression is often used in data mining,
automatic disease diagnosis, economic prediction, and
other fields, eg, discussing influencing factors that cause
a certain variable and predicting the probability of the
occurrence of such variable according to the influencing
factors.”® The essence of logistic regression is the prob-
ability of occurrence divided by the probability of no
occurrence, and then the logarithm is taken. All empirical
analysis of data was performed with Stata software.

In order to analyze the effects of air pollution on
health-care expenditure, we used the data from 2013 to
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2015 from Beijing in China and built the logistic regres-
sion model(Equation 1):

LnExpenditure;; = By + B Airpis + poXit + B3 Xt + .. . ..
+ €

M

Equation (1) is composed of four subequations, where ¢
refers to the time period and here refers to 2013-2015,5, — S
the model coefficient and, i different patients in the sample.
The dependent variables represented the different types of
health-care expenditure on patients (including total health-
care expenditure, drug expenditure, diagnostic test expendi-

independent variables (A4irp;) mainly included air-pollution
status (PM, 5, PM;o, and AQI) when different patients were
admitted to hospital in the sample. All variables were sub-
jected to log transformation before empirical analysis to
reduce dimensional effects. X; represented a group of obser-
vable control variables. The control variables mainly refer to
the relevant indicators of DRGs, including length of stay,
weight, mortality-risk classification, reference average health-
care expenditure, and reference average length of hospital stay.

Statistical Characteristics
Descriptive statistics of all variables are shown in Table 1.

ture, and antibiotic-consumption expenditure). The average total health-care expenditure on respiratory
Table | Variable Definitions and Descriptive Statistics
Name Definition Mean SD Minimum | Maximum
Explained (n=3,546)
Health-care expenditure | Total health-care expenditure Average 15,839.45 | 16,652.39 | 42 533,142.4
Medical expenditure Average 624.75 1,216.74 7 55,919
Diagnostic test expenditure Average 5,772.01 3,806.85 0 52,699
Nursing expenditure Average 210.40 451.56 7 22,121
Management expenditure Average 1,14840 | 4,032.82 | 24 173,193
Drug expenditure Average 6,049.32 7,945.85 0 214,552.7
Medical consumable expenditure Average 2,017.61 5,848.78 0 74,780.42
Antibiotic-consumption expenditure | Average 3,289.59 | 4,352.17 | O 71,887.29
Blood expenditure Average 16.97 272.66 0 8,440
Explanatory (n=3,546)
Air-pollution index PM, 5 Particles in air with 85.73 76.96 5 512
diameter >2.5 ym
PM, 5 classification standard Excellent (0-50) = 0; 1.20 1.33 0 5
good (50-100) = I; light
pollution (100-150) = 2;
medium pollution
(150-200) = 3; heavy
pollution (200-300) = 4;
serious pollution (>300)
=5.
PMq Particles in air with 123.01 91.70 5 582
diameter >10 ym
AQI Air quality index 117.74 85.92 12 500
Controls (n=3,546)
Controls Length of stay Actual 10.66 6.24 | 163
Weight Average of DRGs 1.28 0.74 0.38 742
Mortality-risk classification Average of DRGs 2.59 0.8l 0 4
Reference health-care expenditure Average of DRGs 16,237.38 | 8,593.12 3,490.41 94,637.24
Reference length of hospital stays Average of DRGs 13.32 3.06 6.27 26.25
1726  submit your manuscript Risk Management and Healthcare Policy 2020:13
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diseases was CN¥15,839.45. The average medical expen-
diture, average diagnostic test expenditure, average nur-
sing expenditure, average management expenditure,
average drug expenditure, average medical consumable
expenditure, average antibiotic consumption expenditure,
and average blood expenditure was ¥624.75, ¥5,772.01,
¥210.40, ¥1,114.40, ¥6,049.32, ¥2,017.61, ¥3,328.59, and
¥16.97, respectively. Drug expenditure, diagnostic test
expenditure, and antibiotic-consumption expenditure
were the main factors in total expenditure: 38.2%,
36.4%, and 20.8%, respectively. This indicated that drug
expenditure and diagnostic test expenditure were still the
main sources of increased total health-care expenditure.
According to relevant calculations of the DRGs, average
length of stay for respiratory diseases was 10.66 days,
average weight 1.28, mortality-risk classification 2.59,
reference average expenditure ¥16,237.38, and reference
average length of hospital stays 13.32 days. Descriptive
statistics of health-care expenditure in DRGs for respira-
tory diseases are in Table 2. According to the DRG codes,

we divided the samples into 39 DRG groups.

Results

Empirical Analysis

In order to evaluate the impact of air pollution on health-
care expenditure, we used 2013-2015 individual health
care—expenditure data provided by the Department of
Respiratory and Critical Care Medicine of the hospital
and air-quality data from http://beijingair.sinaapp.com for

the multiple regression analysis. The results are shown in
Table 3.

From the results, PM, s had a significant impact on
health-care expenditure on respiratory diseases. PM; s
had a positive impact on total health-care expenditure,
drug expenditure, and antibiotic-consumption expenditure,
ie, the higher the PM, s, the higher the expenditure. This
showed that the more severe the air pollution is, the higher
the total health-care expenditure, drug expenditure, and
antibiotic-consumption expenditure will be. The incidence
of respiratory diseases was higher because Beijing is a city
with severe air pollution. When air pollution is more
serious, the incidence of respiratory diseases increases.
Air pollution increases the incidence of respiratory dis-
eases and worsens the health of residents, and thus
increases health-care expenditure.*’ This is the mechanism
by which air pollution affects the burden of disease.
Length of stay had a significant positive impact on health-

care expenditure. The longer the length of stay, the higher
the health-care expenditure, which is consistent with
reality.

This paper divides air pollution into several levels
according to PM,s: excellent (0-50), good (50-100),
light pollution (100-150), medium pollution (150-200),
heavy pollution (200-300), and serious pollution (>300).
We used the 2013-2015 health care—expenditure data of
inpatients from the Department of Respiratory and Critical
Care Medicine of the hospital and daily air-quality data in
Beijing to further examine the impact of air pollution on
health-care expenditure. Results are shown in Tables 4-9.
It was found that air-pollution index PM, 5 (0-50) affected
total health-care expenditure (significant at 10% level),
diagnostic test expenditure (significant at 1% level), and
antibiotic-consumption expenditure (not significant) nega-
tively and affected drug expenditure positively (not sig-
nificant). This indicated that when air quality is excellent,
the incidence of respiratory diseases is low and health-care
expenditure, such as drug expenditure and diagnostic test
expenditure, is lower. However, some patients with
chronic respiratory diseases, such as asthma, need medi-
cine for a long time. Therefore, drug expenditure is also
high even when the air quality is excellent. Air-pollution
index PM, s (50-100) had a positive (not significant)
impact on total health-care expenditure (significant at
10% level), drug expenditure, diagnostic test expenditure
(significant at 1% level), and antibiotic-consumption
expenditure, indicating that when air quality is good, the
incidence of respiratory diseases began to increase, as did
health-care expenditure. Air-pollution index PM, s (100—
150) had a positive impact on total health-care expenditure
(significant at level of 5%), drug expenditure (significant
at 10% level), and diagnostic test expenditure (significant
at level of 5%) and a negative impact on antibiotic-
consumption expenditure (not significant). This showed
that when air quality was lightly polluted, the incidence
of respiratory diseases increased, and total health-care
expenditure, drug expenditure, and diagnostic test expen-
diture increased. While antibiotic use is affected by disease
inflammation, antibiotic consumption expenditure was not
affected by air quality significantly. Air-pollution index
PM, s (150-200) had a positive impact on total health-
care expenditure (significant at 1% level), drug expendi-
ture, and diagnostic test expenditure (significant at 10%
level) and a negative (not significant) impact on antibiotic-
consumption expenditure. As such, the effect of air pollu-
tion on health-care expenditure when air pollution was
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Table 2 Descriptive statistics of health-care expenditure in DRGs for respiratory diseases

Number | DRG | DRG name Sample | Mean SD Minimum | Maximum
code size

| EBI9 Major thoracic operations 36 33,322.86 | 15,927.25 | 5,012.86 49,793.97

2 EBIP Major thoracic operations, 255 years old 16 48,189.33 | 14,283.67 | 37,712.76 93,150.08

3 EB2I Mediastinal surgery with major complications and 2 49,822.81 | 24,540.96 | 32,469.73 67,175.89
concomitant diseases

4 EB25 Mediastinal surgery, no major complications or 3 27,132.67 | 16,578.61 | 10,554.25 43,711.47
concomitant diseases

5 ECI5 Moderate surgery on the chest, no major complications | | 40,263.67 40,263.67 40,263.67
or concomitant diseases

6 Bl Other operations related to respiratory system, with 109 26,196.21 | 18,796.5 | 4917.17 99,354.38
major complications and concomitant diseases

7 EI3 Respiratory infection/inflammation with complications 234 25,747.85 | 19,538.37 | 803.21 154,607.2
and concomitant diseases

8 EJI5 Other operations related to respiratory system, no 333 19,414.2 16,281.18 | 2,186.34 219,955.2
complications or concomitant diseases

9 EKI9 Respiratory diagnosis with ventilator support 3 17,838.45 | 13,325.43 | 6,788.26 32,636.46

10 EK29 Respiratory diagnosis with noninvasive respiratory 39 47,526.88 | 38,701.37 | 4,782.71 198,298.7
support

I EQY Surgery unrelated to main diagnosis 115 27,710.1 54,491.26 | 1,984.08 533,142.4

12 ERI1 Respiratory tumors with major complications and 14 19,964.83 | 15,138.08 | 2,424.46 50,961.31
concomitant diseases

13 ERI3 Respiratory tumors with complications and concomitant | 27 19,859.35 | 12,048.97 | 1,275.71 53,822.89
diseases

14 ERI5 Respiratory tumors, no complications or concomitant 10 18,179.34 | 10,640.39 | 2,549.27 42,751.91
diseases

15 ER21 Pulmonary embolism with major complications and 14 13,163.56 | 8,458.63 3,078.17 34,996.09
concomitant diseases

16 ER25 Pulmonary embolism, no complications or concomitant | 47 15,570.42 | 12,209.42 | 3,494.55 70,006.95
diseases

17 ER31 Pulmonary edema and respiratory failure with major | 46,273.98 46,273.98 46,273.98
complications and concomitant diseases

18 ER35 Pulmonary edema and respiratory failure, no 6 17,057.68 | 9,699.17 4,502.39 27,622.68
complications or concomitant diseases

19 ESII Respiratory infection/inflammation with major 146 18,412.31 | 20,087.43 | 4,127.89 182,205.5
complications and concomitant diseases

20 ESI3 Respiratory infection/inflammation with complications 358 13,879.58 | 7,861.24 1,321.99 65,663.48
and concomitant diseases

21 ESI5 Respiratory infection/inflammation, no complications or | 612 11,525.98 | 6,428.88 2,162.28 68,822.75
concomitant diseases

22 ESIG Respiratory infection/inflammation, <17 years old, no 13 7,967.15 3,627.35 2,179.66 13,329.39
complications or concomitant diseases

23 ETII Chronic airway obstruction with major complications 6l 14,872.25 | 9,622.25 3,558.69 64,159.19
and concomitant diseases

24 ETI5 Chronic airway obstruction no complications or 413 13,429.43 | 6,915.86 139.8 61,273.05
concomitant diseases

25 EVII Respiratory symptoms and signs with major 34 11,87391 | 8,847.79 1,324.84 44,789.98
complications and concomitant diseases

26 EVI5 Respiratory symptoms and signs, no complications or 156 9,571.23 5,908.85 42 25,341.98
concomitant diseases

27 EV29 Pneumothorax 4 4,111.98 1,943.88 | 2,208.08 6,596.41

(Continued)
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Table 2 (Continued).
Number | DRG | DRG name Sample | Mean SD Minimum | Maximum
code size

28 EWII Lesions of pleura and pleural effusion with major 2 17,509.74 | 778.89 16,958.98 18,060.5
complications and concomitant diseases

29 EWI13 | Lesion of pleura and pleural effusion with complications | 5 14,569.49 | 7,205.66 7,435.55 26,019.81
and concomitant diseases

30 EWI5 | Lesion of pleura and pleural effusion, no complications 3 5,005.013 | 1,670.21 3,126.08 6,321.04
or concomitant diseases

31 EW21 Interstitial lung disease with major complications and 43 15,091.42 | 9,045.39 4,898.13 56,571.61
concomitant diseases

32 EW25 | Interstitial lung disease, no complications or 166 13,472.67 | 10,066.17 | 42 73,293.42
concomitant diseases

33 EX19 | Bronchitis and asthma 221 8,993.75 4,568.01 767.39 45,224.48

34 EXIH | Bronchitis and asthma, <17 years old 3 8,961.02 5,056.03 4,259.73 14,309.47

35 EXIP | Bronchitis and asthma, 255 years old 262 10,924.29 | 4,598.99 3,321.67 31,346.15

36 EX23 Whooping cough and acute bronchitis with major 2 11,768.06 | 7,773.52 6,271.35 17,264.76
complications and concomitant diseases

37 EZII Other respiratory diagnosis with major complications 8 20,607.27 | 15,964.82 | 7,844.36 57,346.35
and concomitant diseases

38 EZI3 Other respiratory diagnosis with complications and 15 9,588.18 5713.63 3,546.2 24,283.4
concomitant diseases

39 EZI5 Other respiratory diagnosis, no complications or 9 8,325.72 4,852.30 3,261.24 17,629.04
concomitant diseases

medium-polluted was consistent with that when lightly
polluted. They were different significantly (just). Air-
pollution index PM, s (200-300) had a positive impact
on total health-care expenditure (significant at 5% level),
drug expenditure (significant at 10% level) and a negative
(not significant) impact on diagnostic test expenditure and
antibiotic-consumption expenditure. This showed that
when the air was heavily polluted, total health-care expen-
diture and drug expenditure increased, but diagnostic test
expenditure and antibiotic-consumption expenditure
decreased. This may be due to the fact that when air
pollution is more severe, most patients with respiratory
diseases do not rely on diagnostic tests, as they have
a disease history. The impact of air pollution index PM, 5
(>300) on total health-care expenditure was positive (sig-
nificant at 1% level) and drug expenditure (significant at
5% level), diagnostic test expenditure, and antibiotic- con-
sumption expenditure (significant at the 10% level) were
negative. This shows that when air is seriously polluted,
total health-care expenditure increases and drug expendi-
ture, diagnostic test expenditure, and antibiotic-
consumption expenditure reduces. Most patients with
respiratory diseases are severely ill when air pollution is

serious, and the use of drugs, diagnostic tests, and

antibiotics are all reduced. Length of stay had a significant
positive impact on various health-care expenditure (signif-
icant at 1% level). The longer the length of stay, the higher
the expenditure. The impact of mortality-risk classification
on various expenditure was more significant, which indi-
cates that the impact of air pollution on the economic
burden of respiratory diseases is greatly affected by indi-
vidual health status.

Robustness Check

In order to verify the robustness of the regression results,
we replaced key variables. This paper evaluated the effect
of PM;y and AQI on health-care expenditure, instead of
different levels of PM, s, comprising excellent (0-50),
good (50-100), light pollution (100-150), medium pollu-
tion (150-200), heavy pollution (200-300), and serious
pollution (>300). We also conducted a separate set of
analyses that included PM;, and AQI on health-care
expenditure for respiratory diseases. Regression results
are shown in Tables 10 and 11, and were basically con-
sistent with the previous regression results. Air-pollution
index PM;q and AQI had a positive impact on total health-
care expenditure, drug expenditure, diagnostic test expen-
diture, and antibiotic-consumption expenditure. Among
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Table 3 Effect of air pollution on Health-Care expenditure

Health-care expenditure

Total Health-Care Drug Diagnostic Test Antibiotic-consumption

Expenditure Expenditure Expenditure Expenditure
PM2.5 0.0077 0.0235 0.0501 0.0144

(1.05) (1.56) (0.55) (0.86)
Length of stay 0.8439k* 1.3133%#% 0.6509%%* 1.2836%**

(33.37) (36.81) (28.46) (36.77)
Weight —0.27 8+ —0.1440%* 0.0225 0.1594*

(-7.02) (-2.28) (0.52) (1.89)
Mortality-risk classification —0.2552%%* 0.0433 0.1545%%* 0.2252%%*

(—=11.75) (1.26) (5.48) (5.51)
Reference average health-care 1.3209%** 0.2444** —0.2272%* —0.9686**
expenditure (15.17) (2.06) (-2.10) (—6.33)
Reference average length of —0.48 3*¥* 0.1283 0.1393* 0.909 | ***
hospital stay (—6.64) (0.88) (1.65) (5.45)
Constant term —2.8964++* 2.5985%++* 8.4059++* 10.9108***

(—4.48) (2.85) (10.40) (9.56)
R? 0.5918 04167 0.3469 0.3978
Sample size 3,546 3,533 3,538 3,516

Notes: ***Significant at |%; **sSignificant at 5%; *significant at 10%; t-statistics in parentheses. All medical expenditure in the model calculated on a logarithmic basis.

Table 4 Effect of PM, 5 (0-50) on Health-Care Expenditure on Respiratory Diseases

Health-Care Expenditure
Total Health-Care Drug Diagnostic Test Antibiotic-consumption
Expenditure Expenditure Expenditure Expenditure
PM, s (0-50) —0.0391* 0.0028 —0.0676%+* -0.0187
(=2.00) (0.07) (-2.77) (-0.43)
Length of stay 0.8374%%* 1.3774%%* 0.6918+%* 1.2970%**
(37.60) (30.34) (24.76) (25.91)
Weight —0.2635%+* —0.1133 0.0014 0.2072%**
(—6.69) (—1.41) (0.03) (2.40)
Mortality-risk classification —0.2635%+* —-0.0217 0.1587+%* 0.2078%**
(—6.69) (-0.38) (4.58) (342)
Reference average health-care 1.3247%%* 0.2959 -0.1817 —1.0253%**
expenditure (14.77) (1.62) (-1.62) (-5.28)
Reference average length of —0.4962%+ 0.1942 0.0859 1.2204%%*
hospital stay (—4.83) (0.93) (0.67) (5.20)
Constant term —2.7486%+F 1.9728 8.2525%¥* 10.6858***
(—4.09) (1.44) (9.83) (7.32)
R? 0.6042 0.4371 0.3576 0.4084
Sample size 1,396 1,395 1,395 1,249

Notes: ***Significant at |%; **significant at 5%; *significant at 10%,; t-statistics in parentheses. All medical expenditure in the model calculated on a logarithmic basis.
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Table 5 Effect of PM, 5 (50—-100)

on Health-Care Expenditure on Respiratory Diseases

Health-Care Expenditure

Total Health-care Drug Diagnostic Test Antibiotic-consumption

Expenditure Expenditure Expenditure Expenditure
PM, s (50-100) 0.0233 0.1347 0.0319 0.1711

(0.33) (1.12) (0.40) (1.25)
Length of stay 0.8584%+* |.1878%+ 0.7226%%* |.2549%+

(29.97) (24.01) (22.09) (21.68)
Weight —0.2457%%* —0.1433 0.0572 —0.0183

(—4.10) (—1.42) (0.86) (-0.15)
Mortality-risk classification —0.2663*+* 0.0500 0.2272%%* 0.2548+**

(=7.54) (0.83) (5.76) (3.60)
Reference average health-care 1.249 |+ 0.2425 —0.4966*++* —0.7468*+*
expenditure (10.68) (1.23) (-3.81) (-3.29)
Reference average length of —0.3237%* 0.2033 0.2888** 0.7050%+*
hospital stay (—2.56) (0.94) (2.05) (2.81)
Constant term —2.7052%%* 2.2610 10.0870%** 8.8929%%*

(—2.93) (1.45) (9.78) (4.99)
R? 0.5601 0.4128 04018 0.4011
Sample size 1,012 1,005 1,009 907

Notes: ***Significant at |%; **significant at 5%; t-statistics in parentheses. All medical expenditure in the model calculated on a logarithmic basis.

Table 6 Effect of PM, 5 (100—150) on Health-Care Expenditure on Respiratory Diseases

Health-Care Expenditure
Total Health-Care Drug Diagnostic Test Antibiotic-consumption
Expenditure Expenditure Expenditure Expenditure
PM, s (100-150) 0.3709** 0.1623* 0.4017%* —0.2923
(2.17) (0.42) (2.21) (-0.87)
Length of stay 0.7957+%* 1.28] 8%** 0.6140%+* 1.3429%+*
(22.37) (l1e.01) (15.70) (18.27)
Weight —0.4293*++* —0.3136* —0.0449 0.3928**
(-5.38) (-1.75) (-0.53) (2.34)
Mortality-risk classification —0.2536%+* 0.2257#* 0.0904* 0.2549%+*
(-5.33) .11 (1.78) (2.77)
Reference average health-care |.6153%¥F 0.3002 0.0766 —1.3858%**
expenditure (9.59) 0.79) (0.43) (-4.22)
Reference average length of —0.645 | ¥+ —0.2837%* 0.0648 0.80 3%**
hospital stay (—3.96) (-0.77) (0.37) (2.44)
Constant term —6.7258 2.2072 4.1369** 16.1629%+*
(—4.42) (0.64) (2.55) (5.44)
R? 0.5672 0.3456 0.3760 04431
Sample size 589 589 587 517

Notes: **Significant at 1%; **significant at 5%; *significant at 10%; t-statistics in parentheses. All medical expenditure in the model calculated on a logarithmic basis.
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Table 7 Effect of PM, 5 (150-200) on Health-Care Expenditure on Respiratory Diseases

Health-Care Expenditure
Total Health-Care Drug Diagnostic Test Antibiotic-Consumption
Expenditure Expenditure Expenditure Expenditure
PM,5 (150-200) 0.0304%+* 0.1929* 0.2556* —0.4016
(0.10) (0.32) (0.80) (-0.71)
Length of stay 0.96 | ¥k 1.2709%** 0.4999++* 11973+
(17.12) (10.84) (8.19) (11.03)
Weight —0.1714 —0.2086 0.2102 —0.2407
(—1.36) (-0.83) (1.60) (-0.96)
Mortality-risk classification —0.2824*+* 0.1104 0.0013 0.2769**
(—4.16) (0.82) (0.02) (2.21)
Reference average health-care 0.6589++* 0.1023 —0.2274 —0.5543
expenditure (4.76) 0.21) (-0.89) (=r.an
Reference average length of —0.5247** 0.5187 0.1278 0.6415
hospital stay (-2.13) (1.04) (0.50) (1.36)
Constant term —1.8272 2.0856 7.606 | ¥+ 10.3867%*
(-0.75) (0.43) (3.01) (2.25)
R? 0.6594 0.4090 0.2921 0.4357
Sample size 229 226 228 202

Notes: ***Significant at |%; **significant at 5%; *significant at 10%; t-statistics in parentheses. All medical expenditure in the model calculated on a logarithmic basis.

Table 8 Effect of PM, 5 (200-300) on Health-Care Expenditure on Respiratory Diseases

Health-Care Expenditure
Total Health-Care Drug Diagnostic Test Antibiotic-Consumption
Expenditure Expenditure Expenditure Expenditure
PM, 5 (200-300) 0.1609** 0.3462* -0.2179 —0.0577
(0.69) (0.75) (-0.84) (-0.08)
Length of stay 0.8502+** 1.4988*** 0.431 I+ 1.3145%%*
(18.57) (16.32) (8.32) (9.54)
Weight -0.1770 0.1883 —0.3284** 0.4496
(-1.52) (0.82) (-2.51) (1.28)
Mortality-risk classification —0.2118% 0.2274 —0.1436 —0.0053
(-2.20) (1.20) (-1.33) (-0.02)
Reference average health-care 1.047 3%¥* —0.7672 1.1878%** —0.9929
expenditure (3.15) =1.17) (3.18) (-1.01)
Reference average length of —0.4338* 0.0081 —0.5193** 0.6001
hospital stay (-1.87) (0.02) (-1.99) (0.83)
Constant term —1.406 | ¥+ 9.6016* —0.4365 12.4613
(-0.48) (1.67) (-0.13) (1.45)
R? 0.6714 0.5578 0.3475 0.3243
Sample size 231 230 230 208

Notes: ***Significant at |%; **significant at 5%; *significant at 10%,; t-statistics in parentheses. All medical expenditure in the model calculated on a logarithmic basis.
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Table 9 Effect of PM, 5 (>300) on Health-Care Expenditure on Respiratory Diseases

Health-Care Expenditure
Total Health-Care Drug Diagnostic Test Antibiotic-Consumption
Expenditure Expenditure Expenditure Expenditure
PM,s (>300) 0.1573%%* —1.0166%* —0.4008* —0.1015
(0.69) (-1.72) (-0.97) (—0.56)
Length of stay 0.7885%** 1.3492%+* 0.3703#%* 1.0779%+*
(11.96) (7.91) (3.10) (5.31)
Weight —0.3239 0.0430 —0.5653 —1.0452*
(-1.58) (0.08) (-1.52) (—1.69)
Mortality-risk classification —0.1328 0.2871 —0.4361* 0.3723
(=1.01) (0.85) (-1.83) (0.92)
Reference average health-care 1.2989* —0.8225 1.9445% 1.1152
expenditure (2.28) (1.89) (1.88) (0.65)
Reference average length of —0.81 16** 1.1003 —1.0313 0.3441
hospital stay (0.18) (1.07) (—1.41) (0.27)
Constant term —2.8681 15.3464 —4.0266 —5.5509
(-0.63) (1.32) (-0.49) (—0.40)
R? 0.6894 0.4951 0.1747 04116
Sample size 89 88 89 73

Notes: ***Significant at |%; **significant at 5%; *significant at 10%; t-statistics in parentheses. All medical expenditure in the model calculated on a logarithmic basis.

these, direct and significant levels of explanatory variables
were consistent with previous regression results, including
different levels of PM, 5, length of stay, weight, mortalit-
risk classification, reference health-care expenditure, and
reference length of stay.

Discussion

With environment protection gradually gaining attention in
China, an increasing number of Chinese studies have
focused on the impact of air pollution on health-care
expenditure. Based on 5-year panel data from 161 cities
in China, Chen and Chen*® used three-stage least squares
to estimate the impact of SO, emissions on medical spend-
ing. Their results showed that health-care expenditure
attributed to SO, emissions exceeded ¥300 billion. In
order to analyze the impact of air pollution on health-
care expenditure, Cui et al*’ used panel data from 31
provinces and cities during 2006-2012. Regression results
showed that air pollution was positively related to health-
care expenditure per capita. Hao et al’® used provincial
panel data of 1998-2015 and first-order difference general-
ized method of moments to estimate the impact of envir-
onmental pollution on health expenditure on residents.

Environmental pollution had a significant impact on health
expenditure. For a 1% increase in SO, and soot emissions,
public health expenditure increased by 0.15% and 0.79%,
respectively. Based on a spatial econometric model, Zeng
and He®' used panel data covering 31 provinces and cities
in China from 2002 to 2014 to explore the relationship
between industrial air pollution and health-care expendi-
ture. Their results showed that at the provincial level,
industrial air pollution had a significant positive impact
on health-care expenditure. A 1% increase in industrial air
pollution in a province increased health-care expenditure
of that and neighboring provinces by 0.032% and
0.0072%, respectively. Yang and Zhang? used data from
the China Urban Household Survey to estimate the impact
of environmental pollution on expenditure. They found
that with every 1% increase in PM, 5 concentration, house-
hold medical expenditure increased by 2.942%. According
to data China Health
Longitudinal Survey, Pi et al*’ studied the impact of envir-

from the and Retirement
onmental pollution on health-care expenditure of the
elderly using ordinary least squares. The regression results
showed that environmental pollution (PM;,, S0,, NO,)
affected elderly health status and health status also
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affected medical insurance costs, which will indirectly
affect health-care expenditure. Xu et al used Bayesian
quantile regression to estimate the impact of industrial
waste—gas emission on health expenditure based on panel
data of 30 Chinese provinces during 2005-2016. The
results showed that industrial waste—gas emission did
affect health expenditure. Furthermore, people in different-
income regions have different understanding of environ-
and health
regions were likely to ignore this issue.”

ment issues. People in low-income

Although the relationship between air pollution, PM, s,
and respiratory diseases has attracted great attention from
scholars all over the world, there are few studies that have
used different levels of PM, s to measure air pollution,
especially using microdata to evaluate its impact on the
economic burden of respiratory diseases. This paper
focused on the demand side of disease burden.
Combining health care—expenditure data and air-quality
data, we evaluated the effect of air pollution on health-
care expenditure at the individual level. This paper
attempts to introduce different levels of PM,s to the

research on the influence of air pollution on the economic

burden of respiratory diseases, and revealed some impor-
tant findings.

First, PM, s had a significant impact on health-care
expenditure for respiratory diseases (Table 3). Because
Beijing is a severely polluted city, the incidence of respira-
tory diseases was higher and total health-care expenditure,
drug expenditure, diagnostic test expenditure, and antibio-
tic-consumption expenditure increased significantly. This
was consistent with the conclusions of Zeng and He”' and
Yang and Zhang.>* Air pollution is one of the main reasons
for increased health-care expenditure on respiratory dis-
eases. In the process of reducing the burden of disease, the
government should not only start from the supply side of
health-care services, such as reforming medical insurance
payments, new technologies, and equipment, but should
also focus on solving the demand side, such as by improv-
ing air quality, reducing environmental pollution, and
improving residents’ health. Therefore, the formulation
of policies must take into account both the supply and
the demand side of health-care services.

Second, impacts of different levels of air pollution on
disease burden were heterogeneous. As the air-pollution

Table 10 Robustness of Effects of PM|o on Health-Care Expenditure on Respiratory Diseases

Health-Care Expenditure

Total Health-Care Drug Diagnostic Test Antibiotic-consumption

Expenditure Expenditure Expenditure Expenditure
In 0.0045 0.0149 0.0051 0.0202

(0.52) (0.85) (0.48) (1.00)
Length of stay 0.8436%¥* 1.3127%% 0.6509°** |.2839%**

(33.36) (36.78) (28.44) (36.76)
Weight —0.27 | 9k —0.1444%+* 0.0226 0.1602*

(-=7.03) (-2.29) (0.52) (1.90)
Mortality-risk classification —0.2548%*+* 0.0447 0.1547+%* 0.2258%**

(-11.74) (1.30) (5.48) (5.52)
Reference average health-care 1.320 |#¥+* 0.2418** —0.2279%* —0.97 | 3%¥*
expenditure (15.16) (2.05) (=2.11) (—6.35)
Reference average length of —0.4806*** 0.1303 0.1399* 0.91 | 2%#*
hospital stay (—6.63) (0.89) (1.66) (5.46)
Constant term —2.8792%+F 2.6449%+* 8.4074¥* 10.8949***

(—4.46) (291) (10.41) (9-54)
R? 0.5917 0.4146 0.3469 0.3979
Sample size 3,546 3,533 3,538 3,156

Notes: **Significant at 1%; **significant at 5%; *significant at 10%; t-statistics in parentheses. All medical expenditure in the model calculated on a logarithmic basis.
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index increased, the burden of respiratory diseases gradu-
ally rose as well (Tables 4-9). The reason was that the
more serious the air pollution, the higher the incidence of
respiratory diseases and thus the higher the health-care
expenditure. Air pollution increased the incidence of
respiratory diseases and worsened residents’ health status,
increasing health-care expenditure.*” The impact of PM;,
and AQI on disease was basically consistent with the
impact of PM, s (Tables 10 and 11). Air pollution had
a significant impact on health-care expenditure on respira-
tory diseases. That was the mechanism by which air pollu-
tion affected the burden of disease. The impact of different
levels of air pollution on health-care expenditure burden is
heterogeneous. The government must strengthen air-
pollution control to ensure air quality is better, which can
effectively reduce the impact of air pollution on health-
care expenditure. At the same time, the impact of air
pollution on health-care expenditure is different. The med-
ical insurance system must play a key role. Differentiated
reimbursement policies can be adopted to reduce the bur-
den of disease on patients.

Finally, the effects of length of stay on various health-
care expenditure was significantly positive. The longer the

length of stay, the higher the health-care expenditure. The
impact of mortality risk on various health-care expenditure
was more significant, which indicated that the impact of
air pollution on the health-care expenditure for respiratory
diseases was greatly affected by individuals’ health status.
Individual health status is one of the main factors affecting
the burden of disease caused by air pollution.’* In order to
improve residents’ health, on the one hand the government
should increase the construction of public sports facilities
to improve the whole population’s health, and on the other
it should focus on environmental governance and ensure
decent air quality. In summary, in the process of reducing
the impact of air pollution on the burden of disease,
a variety of measures must be taken to ensure air quality
and good health of residents so as to effectively reduce the
burden of disease and ultimately achieve the grand goal of
Healthy China 2030.

Our research has several advantages. We used different
levels ofPM, 5 to measure air pollution and microdata to
evaluate the impact on the economic burden of respiratory
diseases. Our results suggest that the impact of different
levels of air pollution on disease burden was heteroge-
neous. As the air-pollution index increased, the burden of

Table 11 Robustness of effects of AQI on Health-Care Expenditure on Respiratory Diseases

Health-Care Expenditure

Total Health-care Drug Diagnostic Test Antibiotic-consumption

Expenditure Expenditure Expenditure Expenditure
AQI 0.1569 0.0345* 0.0086 0.0234

(1.59) (1.69) (0.69) (r.or)
Length of stay 0.8443%+* 1.3138%¥* 0.651 |#%* 1.2839%¥*

(33.39) (36.79) (28.44) (36.77)
Weight —0.27 1 4%+ —0.1435%* 0.0227 0.1601*

(-=7.00) (-2.27) (0.52) (1.90)
Mortality-risk classification —0.2555%** 0.0433 0.1544+%* 0.225 %%

(-11.75) (1.26) (5.47) (5.50)
Reference average health-care 1.3208%** 0.2435%* —0.2274** —0.9696*+*
expenditure (15.15) (2.05) (-2.10) (—6.34)
Reference average length of —0.48 | 4+ 0.1286 0.1393* 0.9095%#*
hospital stay (—6.64) (0.88) (1.65) (5.45)
Constant term —2.9357%+ 2.5444%¢ 8.3884%¢* 10.8698***

(—4.53) (2.78) (10.37) 9.51)
R? 0.5920 0.4168 0.3469 0.3979
Sample size 3,546 3,533 3,538 3,156

Notes: ***Significant at |%; **significant at 5%; *significant at 10%; t-statistics in parentheses. All medical expenditure in the model calculated on a logarithmic basis.
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respiratory diseases gradually rose as well. In addition, we
used health-care expenditure data of inpatients from third-
class hospitals in Beijing combined with the daily air-
quality data of Beijing to further examine the impact of
air pollution on health-care expenditure at an individual
level, which can better reflect the mechanism by which
different levels of air pollution impacts on the economic
burden of respiratory diseases. Finally, our results relied
on multiple robustness tests with different standards of air
pollution. Our results apply to different logistic regression
methods as well as to match different levels of PM, 5 to
add to the research on the influence of air pollution on the
economic burden of respiratory diseases.

Our study also has some limitations. Firstly, the data
were from the tertiary hospital, where patients go for more
serious care or treatment. Therefore, the results likely
overestimate the health impacts of health-care spending.
Secondly, the different levels of PM, s had different obser-
vations of respiratory diseases at the individual level. For
example, the PM, 5 (>300) group had nearly 90 observa-
tions, but the PM, 5 (<500) group had about 1,400 obser-
vations, which may impact the results for the study.
Therefore, we should use big data to ensure the accuracy
of empirical results in the future. Thirdly, since our data
was taken from hospitals and government websites, we
could not control its quality.Last but not least, due to
data limitations, we could not control for some variables,
such as time trends, temperature, and day of week, which
may influence our results.

Conclusion

In summary, this study measured the impact different
levels of air pollution on the economic burden of respiratory
diseases using the health care—expenditure data of inpatients
from tertiary hospitals and daily air-quality data in Beijing.
Our findings may contribute some useful information on the
impact of air pollution on the economic burden of respiratory
diseases in China. For example, the impact of different levels
of air pollution on the disease burden was heterogeneous. As
the air-pollution index increased, the burden of respiratory
diseases gradually rose as well. In the process of reducing the
burden of disease, the government should start from the
supply side of health-care services, such as reforming med-
ical insurance payments, new technologies, and equipment.
Meanwhile, it should also focus on solving the demand side,
such as by improving air quality, solving environmental
pollution, and improving the health of residents. Therefore,
the formulation of policies must take into account both the

supply and the demand side of health-care services. All these
conclusions enrich and expand our discussion space.
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