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The health effects of air pollution have attracted considerable attention in China. In this review, the
status of air pollution in China is briefly presented. The impacts of air pollution on the health of the
respiratory system, the circulatory system, the nervous system, the digestive system, the urinary
system, pregnancy and life expectancy are highlighted. Additionally, China’s actions to control air
pollution and their effects are briefly introduced. Finally, the challenges and perspectives of the health
effects of air pollution are provided. We believe that this review will provide a promising perspective
on the health impacts of air pollution in China, and further elicit more attention from governments and
researchers worldwide.
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1 Introduction

Fresh air is of great significance for human life. However,
with the rapid development of modern industrialization,
the air quality around us is increasingly affected, especially
in developing countries, such as China and India. The
WHO has estimated that approximately 2.4 million people
die of diseases related to air pollution per year worldwide
(Li et al. 2019b). Therefore, air pollution has generated
considerable attentions at a global level. At the same time,
the Chinese government and related researchers have
recently begun to pay close attention to air pollution and its
effects. In particular, the impacts of air pollution on human
health in China have been explored, and considerable
achievements have been made (Zhang et al. 2010; Yu et al.
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2013; Lin etal. 2017; Niu et al. 2017; Liu et al. 2018; Yang
et al. 2020a). Therefore, a review presenting the health
effects of air pollution in China is urgently needed and may
be meaningful for the related researchers and governments.
In the remainder of this paper, we first outlined the status
of air pollution in China. Then the health impacts of air
pollution in China are provided in the 3rd section; we
respectively analyzed the impacts of air pollution on the
health of the respiratory system, circulatory system,
nervous system, digestive system, urinary system, and
pregnancy (Fig. 1). In the 4th section, China’s actions to
control air pollution and its effects are briefly introduced.
In the conclusion section, we present the challenges and
perspectives of the health effects of air pollution.

2 Air pollution status in China

In China, the main air pollutants present are sulfur dioxide
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Fig. 1 Summary of the health impacts of air pollution in China.

(SO,), carbon monoxide (CO), nitrogen oxide (NO,),
ozone (0j3), polycyclic aromatic hydrocarbons (PAHSs),
particulate matter (PM) and so on (Song et al. 2017).
Specifically, SO, is a type of highly irritating toxic gas,
which comes mainly from the combustion of raw coal and
other fuels containing sulfur. CO is the product of
incomplete combustion of carbon-containing fuels. NO,
is mainly derived from the emissions of motor vehicles and
the combustion of nitrogen-containing compounds. Ozone
comes from the chemical reactions of CO, NO, and other
compounds in sunlight (Sédenz-de-Miera 2013). PAHs are
mainly emitted from coal combustion, traffic and biomass
combustion in China (Zheng et al. 2019). And PMs mainly
come from direct emissions from combustion, such as
power plant and diesel engine exhausts. These air
pollutants have been confirmed to be toxic to human
health.

Because China is a coal-burning country, the levels of
SO,, NO, and total suspended particulates (TSP) in the air
are higher than those in many other countries. In the period
of 1995-2014, the levels of SO, and TSP exhibited a
downward trend. However, the concentration of NO,
remained stable. And the particulate matter with aero-
dynamic diameter<2.5 pm (PM, 5) and O3 levels further
increased even in central and eastern China, which should
receive close attention because PM, s and Oz are more
harmful to human health than that of SO, and NO, (Jin
et al. 2016; Ruan et al. 2019). These pollutant distributions
exhibited spatiotemporal differences. Yang et al. demon-
strated that emissions and meteorological variations
mainly affected the air quality in western China. They
measured six air pollutants (PM, s, PM;,, SO,, NO,, CO,
and O3) at 23 sites in western China for 1 year and
observed that over highly populated mega-city regions,
such as Sichuan and Guanzhong basins, there are high
pollutant concentrations, and the Tibetan Plateau exhibited
low levels of pollutants. At the same time, these pollutants
also had seasonal distribution variations. The concentra-
tions of PM, 5, PM;g, SO,, NO, and CO were high in

winter and low in summer, whereas the level of O3 in low-
altitude regions showed the opposite seasonal trends. An
increasing trend was still persistent in O3 concentrations.
Moreover, lighting and stratospheric transmission may
have led to the gradual increase in NO, levels in the upper
atmosphere (Yang et al. 2020b). Zhao’s group performed a
comprehensive analysis of the spatiotemporal variation of
urban air pollution in China based on the data of more than
300 cities from May 2014 to December 2018. They
observed that the air pollutants exhibited distinct spatial
distribution variations with high levels of NO, in North
China and East China, high levels of CO in North China
and North-west China, high levels of SO, in North China
and North-east China, high levels of PM, 5 in North China
and Central China and high levels of PM,, in North-west
China. The worst regions for air pollution were the North
China Plain and in cities in central and western Xinjiang
Province. These spatial distributions may be attributed to
differences in emissions (Fan et al. 2020a). In addition,
Miao et al. analyzed a panel of data for 30 provinces in
China and concluded that the regional atmospheric
environmental inefficiency was related to SO, emissions
from industrial soot and NO, emissions from vehicle
exhaust (Miao et al. 2019). Comfortingly, green space is
able to reduce air pollution because the leaves of
vegetation can absorb gaseous pollutants and induce the
deposition of PMs (Kumar et al. 2019). For instance,
Wang’s group observed that street trees may contribute
more to reducing air pollution than grasses in terms of the
analysis of the relationship between residential greenness,
air pollution and the psychological well-being of urban
residents in Guangzhou, China (Wang et al. 2019d).

Notably, the Chinese government has taken various
measures to control air pollution in the past few years,
resulting in great changes in the levels of air pollutants.
The levels of PMs, SO, and NO, were reduced. For
example, from 2013 to 2016, the annual country-wide
mean PM;o and PM, 5 levels significantly dropped by 29%
and 42%, respectively, though the concentrations were still
higher than the WHO guidelines. Additionally, NO, and
SO, decreased by 42% and 50%, respectively. However,
O3 concentrations are still increasing throughout the
country, and strict strategies should be taken to control
air pollution (Zeng et al. 2019b). In urban areas, the annual
average levels of PM, 5, PM;, SO,, and CO declined from
2015 to 2019. However, the annual mean concentration of
Oj; increased, and the rate of increase was nearly 14 times
that of the global rate (Fan et al. 2020b). However, the
PAHs levels were distributed differently in different places
in China. For example, the PAHs concentrations in Beijing
and Taiyuan first exhibited an increasing tendency and then
a decreasing tendency, whereas a decreasing tendency was
observed in the concentrations of particulate PAHs in
Nanjing and Guangzhou during 2000-2015 (Yan et al.
2019).



Fengping Hu & Yongming Guo. Health impacts of air pollution in China 3

Therefore, the air pollution in China exhibited distinct
differences in spatial and temporal distributions, which
may be related to emissions, meteorological variations,
geographical differences, human activities and government
policies.

3 Effects of air pollution on human health in
China

A number of epidemiological studies have shown that air
pollution was closely related to a variety of diseases and
causes of death, such as respiratory diseases, circulatory
diseases, nervous diseases, digestive diseases, and urinary
diseases. Even with some birth defects, serious develop-
mental delays in infants are also related to air pollution
(Gonzalez-Diaz et al. 2016; Guan et al. 2016). And our life
expectancy is also affected by air pollution. The impacts of
air pollution on human health are divided into short-term
and long-term effects, for instance, emergency hospital
visits, outpatient visits and hospitalizations for respiratory
diseases, cardiovascular diseases, and nervous diseases are
short-term effects. The long-term impact includes the
mortality of various diseases (Guan et al. 2016). Thus, air
pollution has shown serious impacts on human health.

3.1 Respiratory system

The respiratory system is necessary for human life.
Polluted air could harm the respiratory system. The
short-term effects of air pollution on the respiratory system
include emergency hospital visits, outpatient visits and
hospitalizations for respiratory diseases, childhood respira-
tory diseases, lung function decrement, tuberculosis, and
measles. The long-term effects consist of respiratory
morbidities, lung function impairment, acute nasophar-
yngitis, lung cancer mortality and so on. The impacts on
respiratory diseases vary by factors such as air pollutants,
sex, age, seasons, and regions.

Studies have suggested that air pollution could increase
the risks of emergency hospital visits, outpatient visits and
hospitalizations for respiratory causes. Recently, the
associations between ambient air pollutants and emergency
hospital visits in China were examined at the national
level, and the corresponding attributable risks were
evaluated by a multi-city study on the basis of quasi-
Poisson regression model with a constrained distributed
lag model and a random-effect meta-analysis. The
investigators noticed that daily emergency hospital visits
were significantly correlated with PM, 5 and PM;o, NO,
and SO,. Exposure to PM, 5, PM;(, NO, and SO, resulted
in emergency hospital visits of 3.34%, 3.96%, 5.90% and
5.38%, respectively (Chen et al. 2017b). A recent report
based on the analysis of a generalized additive model with
a quasi-Poisson regression model indicated that exposure
to ambient CO contributed to an increased risk of

respiratory outpatient visits in Dongguan, China, particu-
larly, females and the elderly population were particularly
vulnerable (Zhao et al. 2019). Additionally, a study from
Zhang’s group based on the analysis of a time-stratified
case-crossover model and conditional logistic regression
model indicated that PM; and PM, s significantly
increased the chances of hospital admission for pneumonia
and chronic obstructive pulmonary diseases, but had no
influence on asthma and upper respiratory tract infection.
Stronger impacts were observed in subjects aged 0-14
years and 45-74 years. The effects of PM; and PM, s
mainly occurred in the cold season (Zhang et al. 2019b).

The associations of air pollution and respiratory
hospitalizations in Lanzhou, China were demonstrated on
the basis of the analysis of the data in 2001-2005 by using
Poisson regression models. The three air pollutants (SO,,
NO, and PM; ) had a lag effect on hospital admissions for
respiratory diseases: for SO,, NO,, PM;, the lag was 1-3
days, 1-4 days, and 3-5 days, respectively. The relative
risks (139 pg/m? for PM, g, 61 pg/m?* for SO, and 31 ug/m’
for NO,) were calculated for increases in the interquartile
range. Moreover, air pollution exhibited much stronger
impacts on female individuals and aged=65 years in
Lanzhou (Tao et al. 2014). Additionally, the impacts of
PM, s on respiratory diseases in Lanzhou, China were
explored using a distributed lag nonlinear model. PM, 5
was related to increased daily hospitalization for respira-
tory diseases in Lanzhou. Importantly, the cumulative
effect of PM, s on the number of respiratory outpatient
visits was greater than its daily effect, and the cumulative
effect peaked on day 12. Moreover, females and people
aged 18 years or younger have a higher risk of respiratory
outpatient visits (Chai et al. 2019).

Air pollution also showed short-term negative effects on
lung function. A study from the Wuhan-Zhuhai cohort in
China demonstrated that air pollution had a short-term
adverse effect on the lung function of female non-smokers
based on linear mixed model. The moving averages of
NO,, PM;y, and PM, 5 concentrations markedly contrib-
uted to forced vital capacity (FVC) reduction. In high
pollution cities, the moving average of NO,, PM;, O3, and
PM, 5 exposures corresponded to reductions in FVC and
forced expiratory volume in one second (FEV;). In cities at
low pollutant levels, PM;q (Lag03-Lag05) and O;
(Lag01-Lag03) were remarkably correlated with reduced
FVC, whereas PM;o (Lag03—-Lag05), O3 (Lag0—Lag03),
and PM, s (Lag04-Lag06) were notably correlated with
decreased FEV, (Zhou et al. 2016). Additionally, the short-
term impacts of air pollution on lung function in patients
with chronic obstructive pulmonary disease (COPD)
patients were studied in Beijing, China from December
2015 to September 2017. The findings showed that PM, s,
NO,, SO, and CO contributed to decreased FVC %
predicted in COPD patients, which have been attributable
to increased Th1l and Th17 cytokines and decreased Th2
cytokines (Gao et al. 2020).
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Air pollution is also associated with childhood respira-
tory diseases. Liu et al. conducted a cross-sectional study
in 2011-2012 in Shanghai, China; 3,358 preschool children
who did not change their residences after birth were
evaluated by utilizing logistic regression models. They
observed that lifetime exposure to NO, was significantly
related to childhood allergic rhinitis. There were no
significant correlations of SO,, PMq or their combination
with the disease. However, SO, and PM,, did strengthen
the effect of ambient NO, on childhood respiratory health
(Liu et al. 2016b). Additionally, Shi’s group has demon-
strated the short-term impacts of ambient air pollution on
pediatric respiratory outpatient visits in Yichang, China, by
analyzing the data from 2014 to 2015 using generalized
additive Poisson models. They observed that the four air
pollutants (PM, 5, PM;y, NO,, CO) exposures (no lag)
contributed to pediatric respiratory outpatient visits and O
exposure (lag 4 days) accounted for increased risks of
pediatric outpatient visits for respiratory diseases. Further-
more, the change in season did not alter these correlations
(Liu et al. 2017¢c). The impacts of air pollution on child
upper respiratory tract infection (URTI) outpatient visits
were also examined by using a generalized additive model
to study the lag effects between daily changes in air
pollutants and the number of hospital outpatient visits aged
0-14 years with URTI from 2014 to 2015 in Hefei, China.
They found that air pollution was associated with an
increase in child URTTI outpatient visits. In particular, NO,
contributed most to increased risk of child URTI outpatient
visits (Li et al. 2018). The short-term impacts of NO,, O3,
PM, and PM, 5 on childhood asthma hospitalization have
been studied using Poisson generalized linear regression
combined with a distributed lag nonlinear model to analyze
17,227 childhood asthma hospital visits during 2015-2016
in urban areas of Hefei, China. These air pollutants showed
adverse impacts on asthma admissions for children, and
NO, appeared to be the most important risk factor,
followed by PM, 5 (Zhang et al. 2019c¢).

Air pollution also exhibited short-term adverse impacts
on children’s lung function. A study conducted in Taiwan,
China found that short-term exposure to O; and PM;,
could lead to FVC and FEV1 reductions. CO and SO,
exposure showed a greater effect on FVC and FEV1 with a
1-day lag (Chang et al. 2012). Additionally, a study of 334
healthy children (7-11 years) from four cities (Chengdu,
Guangzhou, Wuhan and Xi’an) in China from 2014 to
2016 revealed that exposure to PM, 5 and PM,, showed a
short-term effect on the lung function decrement of
primary school-aged children. Girls were more sensitive
than boys (Chen et al. 2018a). Moreover, Chen et al. found
that PAHs and benzene, toluene, ethylbenzene and 1,2-
dimethylbenzene exposure near the coal-chemical industry
in Northern China led to declined child lung function
(Chen et al. 2018c¢). Additionally, Fan’s group noticed that
co-exposure to PAHs, benzene and toluene might damage
the lung function of asthmatic children by increasing

oxidative damage and airway inflammation (Kuang et al.
2020). These results reveal that children are easily affected
by air pollution; thus children should avoid exposure to air
pollutants as much as possible.

Some infectious respiratory diseases are also related to
air pollution. Tuberculosis (TB) is a serious infectious
respiratory disease that easily causes death. A number of
studies have suggested that air pollution is associated with
tuberculosis (Popovic et al. 2019). For example, the
relationship between ambient air pollutants and newly
diagnosed tuberculosis in 20102015 in Chengdu, China
was studied using a distributed lag nonlinear model. The
results revealed that PM,,, NO, and SO, exhibited a
positive impact on the incidence of TB, and sex and age
did not modify this effect. Moreover, SO, only showed
remarkable impacts in males (Zhu et al. 2018). A recent
study conducted by Li et al. suggested that exposure to
ambient PM, 5, PM,, SO,, and NO, increased the risk of
active tuberculosis. In addition, ambient air PM;y and NO,
showed a significant effect on the risk of tuberculosis (Li
et al. 2019b). Measles also is another type of infectious
respiratory disease. Exposure to PM, s significantly
increased the risks of measles incidence in 21 cities of
China based on a Poisson regression model, a constrained
distributed lag model and a random-effect meta-analysis.
An increased risk of measles incidence lagged with PM, 5
was observed at 1-3 days. Additionally, high temperature,
low humidity, and high wind speed also strengthen the
associations (Chen et al. 2017a).

The long-term impacts of air pollution on the respiratory
system have been explored. Wong’s group has performed a
cross-sectional study among Chinese children aged 810
years in Hong Kong, China to investigate the relationships
between long-term exposure to PM;,, SO,, NO, and O;
and lung function. Important findings were observed: long-
term exposure to higher ambient air pollutants significantly
contributed lower lung function among boys, PM;, was
the most relevant pollutant responsible for lung function
impairment, and asthmatic children were more sensitive to
exposure to air pollution (Gao et al. 2013). They further
conducted a cross-sectional study to evaluate the long-term
effect of air pollution on Chinese child respiratory
morbidities among 2,203 school children between the
ages of 8 and 10 in three districts with different air
pollution levels in Hong Kong, China. They observed that
PM,, may have contributed mostly to wheezing and
phlegm in boys. Both PM;, and NO, may have caused
cough and phlegm in girls (Gao et al. 2014). Additionally,
long-term exposure to air pollutants (PM;o, SO,, NO, and
O;) could increase the odds of pulmonary function
impairment in Chinese children in the seven highly
polluted north-eastern cities of China based on two-stage
regression models. Females have a higher risk of lung
function impairment than males (Zeng et al. 2016). Hou
et al. have also explored the long-term exposure to PM, 5
and NO, on lung function among 5,276 permanent
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residents aged =20 years in Shanghai, China, by utilizing
multivariable linear regression, adjusting for potential
confounders. They found that exposure to higher levels
of PM, s and NO, significantly contributed to lung
function impairment, including lower forced vital capacity,
inspiration capacity, and vital capacity (Hou et al. 2020).
The results reveal that air pollution yields long-term
adverse effects on lung function, especially for girls.

COPD, one of the many noncommunicable diseases
with high morbidity and mortality, has aroused consider-
able attention (Buist et al. 2007). An increasing number of
reports have demonstrated that air pollution is strongly
associated with COPD (Duan et al. 2020). A cross-
sectional study in four cities across Guangdong Province
of China revealed that long-term exposure to higher PM
concentrations was strongly connected with increased
COPD prevalence and decreased respiratory function (Liu
et al. 2017b). A longitudinal, cohort study in Taiwan,
China demonstrated that long-term exposure to PM, 5 was
associated with decreased lung function and increased the
risk of COPD (Guo et al. 2018a).

Air pollution has also been shown to influence the
longevity of people with other diseases. Accumulating
evidence has shown that air pollution is associated with
lung cancer mortality. Zhu and his coworkers found that air
pollution could significantly increase respiratory disease
and lung cancer mortality based on a time-series analysis
of 10,388 subjects in 2009-2015 in Hefei, China. An
increase of 10 pg/m? in SO,, NO, and PM,, accounted for
4.38%, 7.69%, and 1.55% increases in respiratory disease
mortality, respectively. However, lung cancer mortality
was only significantly related to SO, level (Zhu et al.
2019). The short-term impacts of ambient air pollution on
lung cancer mortality were studied by utilizing time-series
generalized linear models. They found that short-term
exposure to air pollution increased the risk of lung cancer
mortality. The short-term associations varied by city and
season. Specifically, high concentrations of PM, 5, PM;,
and O3 in the warm season in Beijing, and high levels of
PM, s, PM;g, and SO, during the cool season in
Chongqing and Guangzhou accounted for increased lung
cancer mortality. Moreover, male and elderly lung cancer
patients were more sensitive to air pollution (Wang et al.
2019c). Moreover, there may be some factors that may
synergistically worsen the effects of air pollution on
mortality. Sun et al. examined the short-term impacts of air
pollution modified by urban climate on pneumonia
mortality in Hong Kong, China by employing a case-
crossover analysis method. An increasing linear trend of
urban climate modification on the association of pneumo-
nia mortality with NO, was observed. Therefore, the
authors they concluded that a warmer urban climate could
worsen the acute mortality effects of pneumonia associated
with air pollution in Hong Kong, China (Sun et al. 2019).
Moreover, a national-scale assessment of the association
between cancer risk and atmospheric PAHs in 11 cities

across China revealed that dermal contact exposure and
inhalation exposure to PAHs might cause potential cancer
risk (Ma et al. 2020).

The results suggested that respiratory system health is
closely associated with air pollution. The severity of the
impacts of air pollution depends on types and concentra-
tions of the air pollutants, regions, climate, sex and so on.
In particular, children, females, and males with respiratory
diseases are more susceptible to air pollution. To better
compare the effects of air pollution on respiratory system, a
brief summary is exhibited in Table 1, the indicate effects
observed in China are similar to those observed in Iran
(Karimi et al. 2019).

3.2 Circulatory system

The circulatory system is one of the most important
systems for normal functions of human beings. It is a
continuous closed tubular system distributed throughout
all parts of the body, including cardiovascular system and
lymphatic system. Recent studies revealed that air
pollution can affect circulatory system health, worsening
or inducing circulatory diseases, including elevated blood
pressure, hypertension, emergency outpatient visits and
hospital admissions for circulatory diseases, cardiovascu-
lar mortality and so on. Notably, although blood pressure is
also associated with the nervous system, blood pressure is
still categorized as part of the circulatory system, which
may be because blood pressure alterations correspond to
impairment or damage of the circulatory system (Boudier
etal. 1992; Levy et al. 2001; Louwies et al. 2015; Xia et al.
2017). For instance, Li’s group has demonstrated the
impacts of long-term exposure to air pollution on the blood
pressure of 39,259 participants in five rural regions of
central China by employing satellite-based spatiotemporal
models and mixed-effect regression models. They noticed
that each 1 pg/m® increase in PM, s, PM, and NO, caused
the adjusted odds ratio of hypertension to be 1.029, 1.015
and 1.069, respectively. The effect of NO, was more
pronounced than that of PM, 5 and PM,. In addition, the
hypertensive impacts of air pollution were larger among
males, smokers, drinkers, high-intensity exercisers and
high-fat dieters (Li et al. 2020).

Hypertension is easily found in people of all ages, and is
very dangerous to lifetime health. Liu and coworkers
conducted a nationwide cross-sectional study about the
impacts of ambient PM; s on hypertension in China using
multivariable logistic regression models and linear regres-
sion models. They observed that PM, 5 exhibited stronger
impacts on hypertension prevalence among middle-aged,
obese and urban participants. A national study suggested
that long-term exposure to PM, 5 contributed to an increase
in the prevalence of hypertension in China (Liu et al.
2017a). Additionally, the associations of long-term
exposure to ambient PM; with hypertension and blood
pressure in rural Chinese populations were demonstrated
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Table 1 Summary of air pollution on the health of the respiratory system

Impacts on health

Air pollutants

References

Respiratory emergency hospital visits
Respiratory outpatient visits
Respiratory hospital admission
Respiratory hospitalizations

Daily respiratory outpatient visits
Lung function of female non-smokers
COPD

Childhood allergic rhinitis

Paediatric respiratory outpatient visits
Hospital outpatient visits for child upper respiratory tract infection
Child asthma hospitalization

Child lung function

Child lung function

Child lung function

Lung function of asthmatic children

Tuberculosis

Active tuberculosis

Measles

Lung function

Child respiratory morbidities
Child lung function

Lung function

COPD

COPD

Respiratory diseases mortality, lung cancer mortality
Lung cancer mortality
Pneumonia mortality

Potential cancer risk

PM, s, PMyo, NO,, SO,
co
PM,, PM, 5
SO, NO,, PM;
PM, 5
NO,, PM;o, PM, 5
PM, 5, NO,, SO,, CO
NO,, SO,, PMjo

PM,; 5, PM 4, NO,, CO, O3

NO,
NO,, O3, PM;4, PM, 5
03, PMy,, CO, SO,
PM, 5 and PM,,

PAHs, benzene, toluene, ethylbenzene, 1,2-

dimethylbenzene

PAHSs, benzene, toluene, ethylbenzene, 1,2-

dimethylbenzene
PMi0, NO,, SO,
PM, 5, PM,4, SO,, NO,
PM; 5
PM, o, SO, NO,, O;
PMo, NO,
PMo, SO,, NO,, O;
PM, 5 and NO,
PM
PM, 5
SO,, NO,, PMy,
PM, 5, PMo O3, SO,
NO,
PAHs

Chen et al., 2017b
Zhao et al., 2019
Zhang et al., 2019b
Tao et al., 2014
Chai et al., 2019
Zhou et al., 2016
Gao et al., 2020
Liu et al., 2016b
Liu et al., 2017¢
Liet al., 2018
Zhang et al., 2019¢
Chang et al., 2012
Chen et al., 2018a
Chen et al., 2018¢

Kuang et al., 2020

Zhu et al., 2018
Lietal., 2019b
Chen et al., 2017a
Gao et al., 2013
Gao et al., 2014
Zeng et al., 2016
Hou et al., 2020
Liu et al., 2017b
Guo et al., 2018a
(Zhu et al., 2019
Wang et al., 2019¢
Sun et al., 2019
Ma et al., 2020

based on a satellite-based spatiotemporal model and
multivariable linear regression model. The findings
indicated that PM; was linked to an increase in the risk
of hypertension and elevated blood pressure. This effect
was more pronounced in males and those with unhealthy
habits (Li et al. 2019a).

Recent studies have shown that air pollution is
connected with an increase in the risk of emergency
hospital visits and daily hospital admissions for circulatory
diseases. Guo et al. demonstrated the short-term impacts of
air pollution on circulatory emergency department visits in
20132015 in Guangzhou, China, by employing Poisson
generalized additive models. They found that an increase
in SO, level (per 7.98 ng/m®) was related to a 5.19%
elevation in emergency department visits for circulatory
diseases. The effect was more obvious in the cold season

(Guo et al. 2018b). The associations of ambient PM and
hospital outpatient visits for cardio-cerebrovascular dis-
ease (CCD) in Nanjing, China, were evaluated based on a
time-series study. They found that a 10 pg/m® increase in
PM, s and PM;, levels on the current day of exposure
accounted for 0.42% and 0.37% increases in CCD. The
estimated risks in the warm season were larger than those
in the cold season, indicating that ambient PM pollution
and temperature may have potential synergistic effects on
CCD (Wang et al. 2019a). In addition, the impacts of air
pollution on daily hospital admissions for cardiovascular
diseases in Wuhan, China, during the period of from 2013
to 2015 were examined using a generalized additive
model. The results suggested that PM, 5, SO, and NO,
contributed most to the increased risk of cardiovascular
hospital admissions, and an increase of 10 pg/m® for
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PM, 5, SO, and NO, was related to 0.87%, 3.41% and
2.98% increases in hospital admissions for cardiovascular
diseases (Wang et al. 2018a).

Cardiovascular diseases are serious diseases that are the
leading cause of death globally. Many studies have
demonstrated that ambient air pollution contributes to an
increased risk of cardiovascular diseases. Ma’s group
assessed the associations between PM, 5 and cardiovas-
cular diseases in the Beijing metropolitan area in 2009—
2012 using a generalized additive model. They observed
that the increase in PM, 5 concentration contributed the
number of hospital emergency room cardiovascular visits.
And the short-term impact of PM, 5 on the incidence of
cardiovascular diseases was the highest for the subgroup
aged 60-75 years. Moreover, the short-term impact of
PM, 5 on ischemic heart disease and high blood pressure
was relatively larger for females than for males (Ma et al.
2019).

Diabetes disease causes the body to metabolize glucose
abnormally. Recent studies suggested that diabetes was
positively associated with air pollution (Yang et al. 2020a).
For example, a time-series study conducted in Shijiaz-
huang, China based on an adjusted over-dispersed passion
generalized addictive model revealed the acute effect of six
air pollutants on type II diabetes mellitus (T,DM)
hospitalization. Specifically, a 10-pg/m® increase in
PM2_5, PMI(), SOz, NOz, and CO elevated TQDM
hospitalization by 0.53%, 0.32%, 0.55%, 1.27%, and
0.04%, respectively. Stronger impacts were observed in the
cold season. The male and elderly (=65 years) popula-
tions were more sensitive to these air pollutants (Song et al.
2018a). Also, Yang’s group has noticed that PM;,
exhibited an acute effect on diabetes mortality based on a
study from 16 Chinese provincial cities during 2007-2013.
The impacts were limited to 3 days. PM;o, showed a
harvesting effect on diabetes mortality during lags 4-10
days. The effect appeared to be stronger among males and
the elderly population aged 75 or over (Yang et al. 2020c).
Long-term effects of air pollution on diabetes were also
observed in a nationwide cross-sectional study from June
2011 to March 2012. Specifically, an interquartile range
increase in PM, s corresponded to elevated T,DM
prevalence, and increased levels of fasting glucose and
HbAlc (Liu et al. 2016a). Yang et al. found that long-term
exposure to PM;, PM, s and PM;, corresponded to the
increased risk of diabetes in a Chinese population,
particularly in younger or overweight or obese individuals,
based on results from a large cross-sectional study in three
cities of Liaoning Province, China, that utilized a random
number generator and a four-stage, stratified and cluster
sampling strategy (Yang et al. 2018).

Importantly, air pollution has been confirmed to be
significantly linked with mortality from all causes.
Recently, Li’s group used generalized additive Poisson
regression to evaluate the relationships between exposure
to ambient air pollution and mortality from all causes,

pneumonia, and congenital heart diseases among children
under 5 years old in Beijing, China. They revealed that
ambient air pollution exhibited a positive impact on deaths
among children aged < 5 years in Beijing, China, and SO,
and NO, might be the best indicators of the relationships
between air pollution and these deaths. In particular,
children with congenital heart diseases are more sensitive
to air pollution (Wang et al. 2019b). Wang et al. studied the
relationships between ambient coarse particle pollution
(PM,) and cardiovascular mortality in three Chinese cities
of the Pearl River Delta region in 2013-2016 utilizing
generalized additive models. The results indicated that
each 10 pg/m*® increment in the current day’s PM,
contributed to a 1.63% increase (95% CI: 0.31%, 2.98%)
in cardiovascular mortality, revealing that PM, might be a
significant air pollutant (Wang et al. 2018b). The effects of
short-term exposure to ambient particulate matter on
cause-specific death in Changzhou, China during the
period of 2015-2016 were studied by Zhang’s group. They
noticed that PMs exhibited the strongest impacts on
hypertensive mortality, with a 10 pg/m® increase in PM, s
and PM,, accounted for increases of 5.27% and 3.52%,
respectively. Elderly individuals were vulnerable to PMs.
Moreover, females were sensitive to circulatory, hyperten-
sive and respiratory mortality. Males were vulnerable to
chronic lower respiratory and neurodegenerative death.
The associations were stronger in warm seasons (Yu et al.
2019). The connections between air pollution and
cardiovascular mortality in Hefei, China between 2010
and 2015 were also assessed using time-series analysis in
generalized additive model. The findings suggested that
both PM; o and SO, accounted for cardiovascular mortality,
and women were more sensitive to air pollution than men
(Zhang et al. 2017).

Recently, the concentration of ambient O; in China has
increased year by year. Thus the impacts of O3 on health
have attracted great attention. Zhang et al. have explored
the acute effects of O3 on daily cardiovascular disease
mortality from 2015 to 2017 in Jiangsu, China using the
time-series model linked with Poisson distribution. They
observed that 3-day moving average O3 exerted the
strongest effect on cardiovascular mortality, and each 10
pg/m® in O; increased the cardiovascular mortality by
0.98% (Zhang et al. 2019a).

Regarding the intrinsic reasons for the harmful effects of
air pollution on circulatory system health, much evidence
from epidemiological studies, controlled exposures in
human subjects, in vivo animal models and in vitro assays
have revealed that oxidative stress plays a significant role
in circulatory system diseases induced by exposure to air
pollution (Miller 2020).

From the abovementioned results, we can see that
exposure of ambient air pollution has exhibited adverse
impacts on our circulatory system. In particular, NO,, SO,,
03, PM, 5, PM;( and PM, have the largest impacts on the
cardiovascular systems; these effects are similar to the air
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pollution effects on cardiovascular diseases in Bangkok,
Thailand (Phosri et al. 2019). The impacts of air pollution
on circulatory system health are briefly summarized the in
Table 2.

3.3 Nervous system

The nervous system is the system that regulates the body's
physiologic function, it is mainly composed of nervous
tissues. The nervous system, which is of great importance
for normal human activities, is divided into central nervous
system and peripheral nervous system. Considerable
studies have suggested that ambient air pollution con-
tributes to the disorders of the nervous system, such as
sleep disorders, sleeplessness, hospital admissions and
visits for nervous diseases, suicide attempts, Parkinson's
disease (PD), Alzheimer’s disease (AD), and some eyes
diseases.

With the rapid development of our society, we do not
sleep as well as we used to. Among the contributing
factors, air pollution is an important issue. The associations
of air pollution with poor sleep quality from 2015 to 2017
in Henan rural populations, China were estimated based on
the Pittsburgh sleep quality index. The results revealed that
long-term exposure to NO, and PM, 5 was related to poor
sleep quality in rural China (Chen et al. 2019b). The effects
of air pollution on sleep disorders among elderly residents
aged>60 in Ningbo, China during the period of 2008-2017
were assessed by employing a generalized additive model.
The findings suggested that air pollution exhibited a
positive impact on sleep disorders, and the strongest
influences of traffic-related pollutants (NO,, SO,, Os,

Table 2  Air pollution impacts on circulatory system health

PM, s and PM;,) were observed with lags of 2-3 days
(Tang et al. 2019). Recently, the associations of air
pollution with sleeplessness in Chinese cities were
demonstrated by utilizing the ordinary least square
model. One standard deviation increases in AQI and
PM, s were associated with approximately 11.6% and
12.8% increases in sleeplessness, respectively. These
findings provided that air pollution could cause a decrease
in sleep quality (Heyes and Zhu 2019).

In recent years, a variety of mental diseases have been
demonstrated to be linked with air pollution. For example,
Song and coworkers studied the acute impacts of ambient
particulate matter on hospital visits for mental and
behavioral disorders in Shijiazhuang, China, during
2014-2016 utilizing an over-dispersed, generalized addi-
tive model. The findings indicated that ambient PM, 5 and
PM, increased the risk of hospital visits for mental and
behavioral disorders, and the effects were higher in male
and elderly population (=45 years old). In general, the
effects were stronger in the cool season than that in the
warm season (Song et al. 2018b). Additionally, Chen et al.
used over-dispersed, generalized additive models to
suggest that PM;, SO,, and CO were significantly related
to the risks of daily admissions for mental disorders in
Shanghai, China in 2013-2015, and the effects were more
obvious in the warm season (Chen et al. 2018Db).

Some studies have revealed that air pollution is
associated with some mental diseases. For instance, the
significant associations of PM,s, PM;q and PM, in
Chengdu, China with increased risk of hospital admissions
for overall and specific mental disorders were observed in a
generalized additive model; the association was stronger in

Impacts on health

Air pollutants References

Blood pressure, hypertension

Hypertension

Hypertension, blood pressure

Circulatory emergency department visits
Cardio-cerebrovascular hospital outpatient visits
Cardiovascular hospital admissions

Cardiovascular, ischemic heart disease and high blood pressure emergency
department visits

Type 1I diabetes mellitus hospitalization

Diabetes mortality

Type II diabetes mellitus hospitalization

Type 1I diabetes mellitus

Mortality among children aged < 5 years
Cardiovascular mortality

Circulatory, hypertensive and respiratory mortality
Cardiovascular mortality

Cardiovascular mortality

NO,, PM5 5, PMyo Li et al., 2020

PM, 5 Liu et al., 2017a

PM, Liet al., 2019a

SO, Guo et al., 2018b
PM, s, PM; Wang et al., 2019a
PM; 5, SO,, NO, Wang et al., 2018a

PM, 5 Ma et al., 2019

PM, 5, PM,, SO,, NO,, CO Song et al., 2018a

PM,q Yang et al., 2020c

PM, 5 Liu et al., 2016a

PM,, PM; 5, PM Yang et al., 2018
SO,, NO, Wang et al., 2019b

PM, Wang et al., 2018b

PM, 5, PMyq Yu et al., 2019
PM,g, SO, Zhang et al., 2017
(o Zhang et al., 2019a
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males and in cool periods. Furthermore, PMs significantly
contributed to high risks of dementia, schizophrenia and
depression (Qiu et al. 2019). Duan et al. observed that
NO,, SO, and PM;( had a significant relationship with the
schizophrenic admissions in Tongling, China from 2014 to
2016 using a distributed lag nonlinear model combined
with a Poisson generalized linear regression model. The
effect of NO, and PM, on schizophrenia was short-term,
yet SO, showed longer effects. In Particular, males, people
aged 20-59 years, farmers and workers were vulnerable to
high levels of air pollution (Duan et al. 2018).

PD is one of the most common neurodegenerative
diseases. Many studies have revealed the significant
associations of air pollution with PD. Lee et al. verified
that traffic-related air pollutants (NO, and CO) could
account for the increased risk of PD in Taiwan, China
using logistic regression models; this association may be
attributed to the harmful influences of traffic-related air
pollution on the aging brain. High concentrations of PM,
could increase the risk of PD (Lee et al. 2016).

AD is also a type of neurodegenerative disease that can
cause disability in activities of daily living, cognitive
impairment, and health deficits. Many reports have
revealed that air pollution is positively associated with
AD (Shou et al. 2019). In 2010, Zeng et al. found that air
pollution increased the odds of disability in activities of
daily living, cognitive impairment, and health problems by
using multilevel logistic regression models to analyze data
from a nationally representative sample of 15,973 elderly
residents of 866 counties and cities in China (Zeng et al.
2010). Chen’s group has found that the highest levels of
PM;, or O3 exposure increased the risk of AD and vascular
dementia based on a case-control study in northern Taiwan,
China in 2007-2010 using conditional logistic regression
models (Wu et al. 2015). In addition, a cohort study of
95,690 individuals aged at = 65 years in Taiwan, China in
2001-2010 revealed that a 10.91 ppb increase in Oz over
10 years caused a 211% increase in the odds of newly
diagnosed AD, and exposure to a 4.34 pug/m?® increase in
PM, 5 over the follow-up period increased the risk of
newly diagnosed AD by 138% (Jung et al. 2015).
Importantly, long-term exposure to air pollution has been
verified to hinder cognitive performance on verbal and
math tests. The effect was more obvious as people age,
particularly for men and the less educated, warning us that
air pollution exhibited a damaging effect on the aging brain
(Zhang et al. 2018).

More seriously, air pollution could induce suicide
attempts to some extent. The long-term effects of PM, 5
on suicide attempts among Chinese adolescents in
Guangdong, China during 2011-2013 were explored
using multi-level logistic regression models. The findings
suggested that long-term exposure to PM,s led to
increased risks of suicide attempts among adolescents,
and PM, s and sleep disturbances exerted a combined
impact on suicide attempts, indicating that fresh air may

reduce the risks of suicide attempts among adolescents
(Fan et al. 2019).

Eyes are important organs that are directly affected by
air pollution. It has been reported that air pollution has
been associated with some eye illness, including myopia
(Wei et al. 2019a), dry eye (Mo et al. 2019), and
conjunctivitis (Fu et al. 2017; Lu et al. 2019a). Wei et al.
observed that exposure to ambient PM, 5 and NO, was
related to the risk of myopia in Taiwan, China, and animal
experiments further confirmed that PM, 5 caused inflam-
mation in the eye and triggered myopia in Syrian hamsters
(Wei et al. 2019a). Dry eye diseases were found to be
significantly related to exposure to air pollutants (PM,
PM, 5, SO,, NO,, and CO) in Hangzhou, China, on the
basis of a time-stratified case-crossover model. Particu-
larly, the strongest relationships were discovered in the
cold season and in patients aged 2140 years (Mo et al.
2019). The associations of air pollution with conjunctivitis
outpatient visits in Hangzhou, China were assessed based
on a time-stratified case-crossover study design and
conditional logistic regression models. A 10 ug/m?
elevation in PM;y3, PM,s, SO,, NO,, and CO levels
contributed to the increased conjunctivitis outpatient visits.
SO, exerted the strongest effect on patients aged 25 years
(Fu et al. 2017). Recently, a multi-city study suggested that
PM, 5, PM;y, NO,, SO, and O3 promoted an increase in
the risk of conjunctivitis in China. In particular, the impacts
were stronger in the warm season. Female conjunctivitis
hospital outpatients were more susceptible to air pollution.
Importantly, NO, and O3 exhibited more serious effects on
conjunctivitis than PMs and SO, due to the acidity of NO,
and the strong oxidative ability of O3 (Lu et al. 2019a).
Song et al. noticed that short-term exposure to NO, could
raise the risk of hospital visits for eye and adnexa diseases
in Xinxiang, China, based on an over-dispersed general-
ized additive model. They found that the associations were
largest and statistically significant on the current day, and
the strongest effects were observed with keratitis (Song et
al. 2019). These results suggested that air pollution was
associated with eye health, particularly for PM, s, O3 and
NO,, which is similar to associations observed in South
Korea (Kim et al. 2020). Furthermore, we should avoid
outdoor activities in polluted days.

The results of this section suggested that air pollution is
significantly associated with nervous health including poor
sleep quality, sleep disorders, sleeplessness, mental
disorders, schizophrenic admissions, Parkinson's disease,
suicide attempts and different eye diseases (Table 3),
warning us to control air pollution.

3.4 Digestive system

Associations between air pollution and digestive system
diseases have also been demonstrated. To date, the effects
of air pollution on the health of the digestive system have
mainly focused on peptic ulcer bleeding (PUB) and hand-
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Table 3 Summary of the effects of air pollution on the health of nervous system.

Impacts on health

Air pollutants

References

Poor sleep quality

Sleep disorders

Sleeplessness

Hospital visits for mental and behavioral disorders

Daily admissions for mental disorders

Hospital admissions for overall and specific mental disorders
Schizophrenic admissions

Parkinson's disease

Daily living activities, cognitive impairment, health problems
Alzheimer’s disease, vascular dementia

Alzheimer’s disease

Cognitive performance on verbal and math tests

Suicide attempts among adolescents

Myopia

Dry eye diseases

Conjunctivitis outpatient

Conjunctivitis

Hospital visits for eye and adnexa diseases

NO,, PM; 5 Chen et al., 2019b

NO,, SO,, O3, PM; 5, PM; Tang et al., 2019
AQIL PM, 5 Heyes and Zhu 2019

PM, 5 and PM;, Song et al., 2018b

PM,y, SO,, CO Chen et al., 2018b

PM; 5, PMjo, PMc
NO,, CO, PM,

Qiu et al., 2019
Duan et al., 2018
Lee et al.,, 2016

Zeng et al., 2010
Wu et al., 2015
Jung et al., 2015
Air pollution index Zhang et al., 2018
PM, 5 Fan et al., 2019
PM, 5, NO, Wei et al., 2019a
PM, o, PM, 5, SO,, NO,, CO Mo et al., 2019
PM,9, PM, 5, SO,, NO,, CO Fu et al., 2017
PM, s, PMj4, NO,, SO,, O3 Lu et al., 2019a
NO, Song et al., 2019

Air pollution index
PM,o, O3
O3, PM, 5

foot-and-mouth disease (HFMD). In 2017, the impacts of
air pollution on emergency admission for PUB in Hong
Kong's elderly population were examined based on a time
stratified case-crossover analysis with conditional logistic
regression. The results indicated that NO, was significantly
related to PUB emergency admissions (Tian et al. 2017).
Additionally, the relationships between short-term expo-
sure to PM, s and emergency admissions for PUB in
Beijing, China, were demonstrated by employing a
generalized additive Poisson model. The results indicated
that PM, s significantly contributed to an increase in
emergency admissions for PUB, and the impacts were
stronger in elderly people (Duan et al. 2019).

HFMD, an acute infectious disease caused by enterovirus
mainly occurs in infants and young children. Notably,
HFMD can lead to death. Recently, some studies suggested
that air pollution was associated with HFMD incidence.
Wei et al. first observed that short-term exposure to ambient
SO, could contribute to an increase in the risk of HFMD in
Hefei, China on the basis of a Poisson generalized additive
model and the time-series regression analyses. Adverse
impacts were found to occur with on lag0, lagl, lag01 and
lag02; the cold season strengthened the impacts. Moreover,
female and scattered children were more sensitive to SO,
(Wei et al. 2019b). These results revealed that exposure to
ambient air pollution could significantly affect the health of
the digestive system, particularly for elderly people and
children. The underlying reasons for these relationships
should be further explored (Table 4).

Table 4 List of the impacts of air pollution on digestive system health

Impacts on health Air pollutants References

Peptic ulcer bleeding NO, Tian et al., 2017
Peptic ulcer bleeding PM, s Duan et al., 2019
Hand-foot-and-mouth disease SO, Wei et al., 2019b

3.5 Urinary system

Additionally, air pollution also affects on the health of the
urinary system. Studies to date have mainly focused on the
impacts of air pollution on kidney function. Wang et al.
assessed the associations of air pollution and kidney
function among adult women (aged 18-65 years) in
Mianyang, China based on multivariable linear regression
analyses. They assessed kidney function by measuring
serum concentrations of uric acid, urea, creatinine, and
cystatin C and calculated the individual estimated
glomerular filtration rate (eGFR) using a cystatin C-
based equation developed specifically for Chinese patients
with the CKD equation. The average daily dose (ADD) of
pollutants, based on the basis of the air quality complex
index, was employed to estimate the air quality. The
authors observed that ADD was positively related to serum
concentrations of uric acid, urea, creatinine, and cystatin C,
but it was negatively associated with eGFR. In total, the
results revealed that air pollution showed deleterious
effects on kidney function (Wang et al. 2020a). Addition-
ally, the effects of traffic-related air pollution on chronic
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kidney disease in the elderly people in Taipei, China were
explored using generalized linear regressions and logistic
regressions. They found that the interquartile range-
elevations of PM, s absorbance (0.4 x 107°/m) and NO,
(7.0 pg/m?) accounted for a 1.07% and 0.84% lower eGFR,
respectively. The effects were magnified in people with an
eGFR>60 mL/min/1.73 m? or nondiabetic history. PM;
and PM, 5.1¢ also showed similar impacts (Chen et al.
2018d). These results indicated that air pollution could
exhibit adverse effects on the urinary system,; thus, strict
measures should be taken to reduce air pollution. More-
over, the influence of air pollution on other diseases of the
urinary system should be further explored (Table 5).

Table 5 List of the impacts of air pollution on urinary system health

References

Wang et al., 2020a

Impacts on health Air pollutants

Kidney function Individual average

daily dose
Chronic kidney NO,, PM, s, Chen et al., 2018d
disease PM245,10, PM]()

3.6 Pregnancy

In recent years, considerable studies have suggested that
air pollution is associated with the pregnancy health. Sex
ratio is of significance for sustainable development of our
society. In 2015, Lin and his coworkers explored the
impacts of air pollution before the conception date on the
likelihood of giving birth to girls in Guangzhou, China
using logistic regression models. The findings suggested
that effective exposure to higher levels of air pollutants
approximately one week prior to the conception date
contributed to a higher chance of female offspring.
Particularly, PM;y, SO, and NO, showed significant
impacts (Lin et al. 2015). The results tell us that exposure
to air pollution prior to conception could affect the sex ratio
of newborns.

Weight is an important indicator of the health of
newborns. A recent study showed that air pollution
(PM,) significantly elevated the risk of term low birth-
weight (LBW) but not with preterm LBW in China, in
multiple logistic regression models (Lu et al. 2020). Recent
results revealed that prenatal air pollution exposure could
contribute to the increase of the risk of preterm birth in
Wuxi, China, based on logistic and linear regression
models. The findings suggested that exposure to PM;, and
O; would decrease gestational age. Women at advanced
age with maternal PM,, exposure had an increased risk of
preterm birth (Han et al. 2018). The association between
exposure to NO, and preterm birth in Shanghai, China, is
based on a land use regression model and logistic
regression. The results indicated that NO, could elevate
the chance of preterm birth, particularly for exposures
during the third trimester, the month and the week before
delivery (Ji et al. 2019). The relationships between prenatal

PM, 5 exposure and fetal distress were also demonstrated
in Wuhan, China based on a land use regression model,
logistic regression model, and generalized estimating
equations. They found that a per 10 pg/m’ change in
maternal PM, s level throughout pregnancy was linked
with a 25% increased risk of fetal distress. The potential
sensitive window was exposure to PM,s in the 2nd
trimester. The effects were stronger in cold seasons (Liu
et al. 2019).

Birth defects are also associated with air pollution. Zhao
et al. observed that maternal exposure to PM, 5, PM;q, O3
and CO exposure could increase the chances of oral clefts
in Wuhan, China, based on multiple logistic regression
analyses. Especially in the first trimester of pregnancy, a
higher risk of oral cleft was noticed among women who
were exposed to PM; s, PM;g, O; and CO (Zhao et al.
2018). These findings suggested that air pollution
generated harmful influences on the health of pregnancy,
warning us that pregnant women should avoid exposure to
air pollution during pre-pregnancy and pregnancy
(Table 6).

Table 6 The effects of air pollution on pregnancy

Impacts on health Air pollutants References
Likelihood of female offspring PM;y, SO,, NO, Lin et al., 2015
Term low birthweight PM,, Lu et al., 2020
Preterm birth PM;, O3 Han et al., 2018
Preterm birth NO, Jietal, 2019
Fetal distress PM, 5 Liu et al., 2019
Oral clefts PM, 5, PMjo, O3, Zhao et al., 2018
CO

3.7 Life expectancy

Everyone wants to live a long life. However, life
expectancy is associated with many external and internal
factors. Clean air is of considerable significance for
extending life expectancy. However, polluted air has
markedly affected our life expectancy.

He et al. evaluated the relationships between ambient air
pollution and years of life lost (YLL) in Ningbo, China by
using a time series analysis of the data on air pollution,
meteorological conditions and 163,704 non-accidental
deaths from 2009 to 2013. They found that an 10 pg/m’
increase in PM;o, PM, 5, SO, and NO, corresponded to an
increase 0f 4.27, 2.97, 29.98 and 16.58 YLL, respectively,
and 0.53%, 0.57%, 2.89%, and 1.65% increases in daily
death counts, respectively. The effects were stronger in the
elderly population (He et al. 2016). The impacts of air
pollution on YLL and mortality in Wuxi, China have been
assessed based on a time-series analysis of air pollutants,
meteorological variables and daily data relative to YLL
and death counts in 2012-2015 by using linear and Poisson
regression models and controlling for time-varying factors.
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The results indicated that an interquartile range increase in
three-day average cumulative (lag 02 days) concentra-
tions of PM, 5, PM;o, NO, and SO, was associated with
increases of 12.09, 13.69, 26.95 and 24.39 YLL,
respectively, and with mortality increases of 1.34%,
1.56%, 3.36% and 2.39%, respectively. Specifically,
death from cardiovascular and respiratory diseases was
positively associated with NO, and SO,, and the death
from diabetes was positively associated with NO,. The
effects were found to be more evident in the cool season
than in the warm season. The elderly population (>65
years) and females were more sensitive to air pollution
(Zhu et al. 2017). Ebenstein et al. found that a 10-ug/m’
increase in PM, could lead to a loss of 0.64 years in the
life expectancy of Chinese people based on the analysis of
China’s Huai River Policy (Ebenstein et al. 2017).
Moreover, the associations between PM, s and adult life
expectancy in Taiwan, China were examined by using
linear regression to analyze the data of county-level PM, s
and adult life expectancy in 2010-2017. The results
revealed that people in counties with higher levels of PM, 5
suffered from reduced life expectancy. A 10 pg/m® increase
in PM, 5 contributed to a 0.3-year decrease in adult life
expectancy (Chen et al. 2019a). The results demonstrated
that our life expectancy is closely related to air pollution.
These abovementioned results indicated that our life
expectancy has been threatened by air pollution (Table
7). Comfortingly, the Chinese government has strictly
implemented the Air Pollution Prevention and Control
Action Plan to control air pollution, and considerable
achievements have been made. For example, the annual
average PM, s concentrations in China’s mainland
decreased by 39.5% from 2013 to 2017, resulting in a
12.6% reduction in premature deaths attributable to PM, 5
(Zou et al. 2019).

The above-mentioned results revealed that exposure to
ambient air pollution could significantly affect the health of
the respiratory diseases, the circulatory system, the
nervous system, the digestive system, the urinary system,
pregnancy and life expectancy. We should take effective
measures to avoid and control air pollution.

4 Actions to control air pollution in China

These findings suggested that exposure to ambient air
pollution was significantly linked to a variety of human
diseases, including the respiratory system, the circulatory
system, the nervous system, the digestive system, the
urinary system, pregnancy and life expectancy. In recent
years, the Chinese government and people have realized
the seriousness and harm of air pollution. A number of
measures have been issued to reduce air pollution.

The Chinese government has implemented a series of
policies. Chinese Ambient Air Quality Standards
(GB3095-2012) were issued in 2012, and enforced in

2016 to protect and improve the environment of China. In
2013, the Chinese government released the well-known
Air Pollution Prevention and Control Action Plan, which is
the first national policy to control air pollution. In the
policy, general requirements, goals, specific targets, key
actions and concrete measures to alleviate air pollution
have been issued. Recent studies have suggested that the
overall air quality has been improved greatly, yet air
pollution has not been alleviated in some regions. The
levels of PM, 5, NO, and O3 need to be further controlled
(Feng et al. 2019; Huang et al. 2018). Reductions in
emissions of air pollutants and CO, in the Jing-Jin-Ji
region were benefits of this action plan (Lu et al. 2019b).
Xue et al. examined changes in PM, s exposure and the
associated health effects in China in 2013-2017 by
utilizing an optimal estimator of PM, 5 combining in situ
observations, satellite measurements, and simulations from
a chemical transport model. The premature deaths due to
PM, s exposure were also evaluated by using well-
developed exposure-response functions. The national
population-weighed annual mean PM, s concentrations
were found to be reduced from 67.4 ug/m? in 2013 to 45.5
pg/m?® in 2017 (32% reduction), which resulted in a 14%
decrease in premature deaths due to long-term exposure to
PM, 5. Additionally, the rapid reduction in the number of
heavily polluted days has brought about a 61% reduction in
the deaths associated with acute exposure (Xue et al.
2019). Moreover, the health effects of the policy to control
air pollution were assessed by analyzing national air
quality monitoring and mortality data in 74 key cities in
China between 2013 and 2017. The findings indicated that
the annual average concentrations of PM, s, PM;,, SO,
and CO in 74 key cities dropped by 33.3%, 27.8%, 54.1%
and 28.2%, respectively, during the 5-year period, while
the annual average concentration of NO, remained no
obvious change and the annual average concentration of
O; increased by 20.4%. Benefiting from the substantial
improvements in air quality, there were 47,240 fewer
deaths and 710,020 fewer years of life lost in the 74 key
cities in 2017 than in 2013 (Huang et al. 2018). A hybrid
remote sensing-geostatistical method and the exposure
factor-enhanced IER model were used to evaluate the
health impacts of PM, 5 at 1 km spatial resolution across
China’s mainland from 2013 to 2017. They observed that
the PM, 5 levels declined by 39.5% during the study time
period, and the associated premature deaths due to PM, s
decreased by 12.6% (Zou et al. 2019). The results indicated
that the Air Pollution Prevention and Control Action Plan
of China has greatly improved air quality and alleviated the
health impacts of air pollution.

Furthermore, the local governments in China have also
issued concrete policies to control air pollution, which also
played important roles in the reduction of air pollution. For
instance, China's provincial emission reduction policies
could cut down PM;, emissions and the provincial
renewable energy policies decreased emissions of PM, s
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and SO, (Zeng et al. 2019a). Renewable energy techno-
logical innovation could also significantly alleviated
China’s emissions of NO, and PM;, (Zhu et al. 2020).
Importantly, the local air pollution control policies have
also brought about air quality improvement, health benefits
and economic benefits. Specifically, the environmental,
health and economic co-benefits due to local air pollution
control policies have been estimated in Jinan, China, in the
2013-2017 period. They found that annual reductions in
SO,, PM, 5 and PM,, were 72.6%, 43.1% and 34.2%,
respectively. A total of 15,822 related morbidity cases and
2,317 premature deaths were avoided in 2017, saving a
total of US$ 317.7 million. If the PM, 5 concentration was
decreased to 15 pg/m?, the total PM, s-related nonacci-
dental mortality and PM, s-related morbidity would
decline by 70% and 95%, respectively, avoiding approxi-
mately US$ 1,289.5 million financial losses (Cui et al.
2020). Compared to 2004-2009, the annual average
concentrations of PM;, and SO, in Lanzhou, China have
declined by 19.28% and 66.29%, respectively, and the
mortality risk attributable to PM;q dropped significantly
(Liu et al. 2020). At the same time, the average life
expectancy of urban residents extended from 78.53 to
79.86 years (Wu et al. 2020). These results reveal that local
air quality in China has been improved since the
implementation of air pollution controlling policies.
Moreover, China’s government should put considerable
efforts into increasing green spaces to reduce air pollutant
concentrations because green plants can contribute to
reduced of air pollutant levels (Wang et al. 2020b). To
effectively reduce air pollution, China’s government,
companies and individuals should strictly comply with
the air pollution control policies to alleviate air pollution.

Table 7 The effects of air pollution on life expectancy

Impacts on health Air pollutants References

Years of life lost PM, 5, PM;, He et al., 2016
SO,, NO,

Years of life lost, PM, 5, PM,, Zhu et al., 2017

mortality NO,, SO,

Life expectancy PM,, Ebenstein et al., 2017

Adult life expectancy PM, 5 Chen et al., 2019a

5 Conclusions

In conclusion, we have summarized the health impacts of
air pollution in China. Studies have exhibited that air
pollution could affect the health conditions of the
respiratory system, the circulatory system, the nervous
system, the digestive system, the urinary system, preg-
nancy and life expectancy. To reduce the harmful effects on
human health, Chinese governments have released strict air
pollution control policies. Recent findings have suggested

that these measures have greatly decreased air pollutant
levels. However, challenges still remain. First, the
associations of air pollution with other diseases should
be further explored, such as some chronic diseases, fatal
diseases, and infectious diseases. The molecular mechan-
isms of how these diseases are affected by air pollution
should be demonstrated in detail, which may require many
interdisciplinary studies with experts from different fields.
Second, the long-term impacts of air pollution on human
health should be examined; these impacts may be useful to
elaborate the intrinsic relationships between air pollution
and human health. Third, China’s governments should
further issue more concrete policies to cut down air
pollution. The governments, companies and individuals in
China also strictly comply with these policies. Fourth, the
impacts of O3 on human health should be studied in-depth
due to the gradual elevation of O3 levels in China. The
synergistic effects of O3 and other air pollutants on health
needs further study. Fifth, the Chinese ambient air quality
standards should be revised in light of the health effects of
different air pollutants. The safety threshold of different air
pollutants in different places should be specified. More-
over, research on technological innovation to reduce or
eliminate air pollution needs to be further studied. For
example, the utilization of renewable or clean energy
should be expanded. Traditional technologies or processes
with high energy consumption or high pollution need to be
further optimized. Only in this way, can the effects of air
pollution on health in China be cut down to the minimum
or eliminated and the goals of sustainable economic and
social development in China be achieved.
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