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ARTICLE INFO ABSTRACT

Keywords: Objective: This study aimed to evaluate the long-term trends in lung cancer (LC) and chronic obstructive pul-
PMa5 monary disease (COPD) mortality attributable to particulate matter (PMy5) in China and to identify the contri-
Lung cancer butions of population aging and other risk factors to changes in mortality rates.
Iil(t))lr)tlz)xlity Methods: Using data from 1991 to 2021, we assessed trends in LC and COPD deaths attributable to PM; 5 through
Decomposition analysis linear regression. Decomposition analysis was conducted to determine the extent to which changes in mortality
China rates were driven by demographic and non-demographic factors.
Results: The crude mortality rates attributable to PMy 5 increased significantly for LC (500.40%) and COPD
(85.26%). From 1990 to 2021, LC mortality attributable to PM3 5 increased annually by 4.11% (95% CI: 3.64%,
4.59%), while COPD mortality decreased annually by 1.23% (95% CI: —0.82%, —1.65%). Decomposition analysis
revealed that 43.0% of the increase in LC mortality was due to population aging, and 57.0% was attributed to
changes in other risk factors. For COPD, population aging contributed to an 18.547,/100,000 increase, whereas
other risk factors reduced mortality by 10.628/100,000.
Conclusions: The findings highlight the critical roles of population aging and risk factor modification in LC and
COPD mortality trends. Interventions to address aging-related vulnerabilities and air pollution control are
essential to mitigate future health burdens.

Introduction

Air pollution is a significant public health issue in China, where the
population is exposed to high levels of both ambient and household air
pollution.l'2 Despite recent improvements, PM; 5 concentrations in many
areas continue to exceed the World Health Organization (WHO) Air
Quality Guidelines, with 81% of the population living in regions sur-
passing the WHO Interim Target 1.2 Among all cancers, lung cancer (LC)
poses the greatest threat to the health and lives of Chinese people, while
chronic obstructive pulmonary disease (COPD) is associated with a

* Corresponding author.

notably high disability rate. Both conditions are among the top five
chronic diseases in China. Long-term exposure to ambient fine particulate
matter has been strongly linked to increased risks of LC and COPD. !>~
According to the latest Global Burden of Disease (GBD) estimates from
2021, the crude mortality rates for LC and COPD attributable to PMy 5 in
2021 were 12.55/100,000 and 27.28/100,000, respectively.6 This
burden is further reflected in the disability-adjusted life years
(DALYs) for LC and COPD attributable to PMs 5, estimated at 4,125,752
and 7,144,155 person-years, respectively.® Notably, COPD-related
deaths began to decline in 2014 following a turning point in air quality
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improvements in China.” However, evidence on the association between
PM, 5 and LC mortality in the Chinese population remains limited and
warrants further investigation.®°

In recent years, ambient PMy 5 pollution in China has significantly
decreased, yet it remains a critical risk factor for public health. Under-
standing the long-term trends and changes in LC and COPD mortality
attributable to PMj 5 is essential. This study investigates the factors driving
LC and COPD mortality rates linked to PM; 5 exposure. As chronic diseases
such as LC and COPD are among the leading causes of death in older pop-
ulations, the burden of LC is likely to intensify with China's rapidly aging
population. This research aims to analyze the long-term trends in LC and
COPD mortality attributable to PMy 5 and provide insights necessary for
mitigating the long-term health impacts of air pollution.

Methods
Data sources

Mortality data for LC and COPD from the Global Burden of Disease
(GBD) dataset spanning 1990 to 2021 were analyzed. The original data
were sourced from the Chinese Center for Disease Control and Prevention
Cause of Death Reporting System, the Disease Surveillance Points, and
the Maternal and Child Surveillance System, ensuring national repre-
sentativeness. Detailed information on data sources, processing methods,
and completeness assessments can be found in Appendix 1, Section 3.5 of
the GBD study.'®

The population attributable fraction was defined as the proportion of
diseases or deaths that could be prevented by reducing exposure to a
specific risk factor to its theoretical minimum level within a given
population. Attributable deaths for LC and COPD were calculated by
multiplying the population attributable fraction by the corresponding
outcome quantity for each demographic group, including age, sex,
location, and year. LC and COPD were classified based on the clinical
criteria established by the WHO. Ambient particulate matter
pollution was assessed using a theoretical minimum risk exposure range
of 2.4-5.9 pg/m°>.

Data analysis

The average annual percentage changes (AAPC) in age-standardized
mortality rates (ASMR) were calculated to evaluate trends over the study
period. Linear regression was employed to determine the annual percentage
changes in ASMR for LC and COPD attributable to PMj 5 exposure during
the study years. Decomposition analysis was conducted to identify the key
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drivers of changes in disease-related mortality, focusing on the impacts of
population aging and age-specific mortality rates in China.''2

Linear regression was utilized to examine the relationship between a
continuous dependent variable and an independent variable. In this
analysis, the natural logarithm of the mortality rate for LC or COPD
attributable to PM, 5 served as the dependent variable, while the calen-
dar year (1990, 1991, 1992, ..., 2021) was used as the independent
variable. AAPC > 0 indicated an increase in mortality rates, whereas an
AAPC < 0 signified a decrease. Statistical significance was determined at
P < 0.05. The AAPC was computed using the general formula: y = a +
px + e,y = In(rate), x = calendar year, AAPC = 100 x (¢’ — 1).

The mortality differential decomposition method, widely used in
demographic studies, was applied to quantify how much of the difference
in mortality between two populations (A and B) could be attributed to
differences in age structure. This method is particularly effective for
analyzing mortality data across regions or generations. For two genera-
tions within the same region, it can identify the extent to which changes
in mortality are driven by population aging versus other risk factors.

This decomposition approach integrates interactions among various
component effects, including population growth, aging, and transitions
in mortality patterns, into additive main effects. In this study, decom-
position analysis was used to determine how much of the observed
change in mortality between generations was attributable to population
aging compared to other risk factors.

To calculate the difference between the crude mortality rates of
populations A and B, we defined CDR® as the crude mortality rate of
population B, CDR? as the crude mortality rate of population A, and diff
as the mortality difference between the two populations. C represents the
age composition of the populations, and M denotes the age-specific
mortality rate. The formula is as follows:

diff =CDR® — CDR* = " CyMy — >~ CyMy,

We further summarized the differences in mortality rates between the
two populations and their age composition as follows:

af = Y (¢t - ) ()« Soon - (S5)

=Difference in age structure (weighted by mean of age-specific mortality rates
of population A and population B) + difference in mortality rates (weighted by
age structure of population A and population B)

=Effects of age structure difference + contribution percentage of mortality
difference effects
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Fig. 1. The change in crude and age-standardized mortality rates (ASMR) of LC and COPD attributable to PM(2.5) across China. LC, lung cancer; COPD, chronic

obstructive pulmonary disease.
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All analyses were conducted using Stata 15.1 software (StataCorp,
College Station, TX, USA).

Results
LC and COPD deaths attributable to PMs 5 across China

The long-term trends in LC and COPD deaths across China were
analyzed by examining the percentage change in ASMR attributed to
PM, 5 from 1990 to 2021 (Fig. 1). The ASMR for LC rose to a peak in 2015
before slightly declining, resulting in a total percentage change of
176.37%. In contrast, the ASMR for COPD decreased by 32.13%.
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Meanwhile, the crude death rate increased substantially for both LC and
COPD (500.40% and 85.26%, respectively). Linear regression analysis
revealed that LC deaths attributable to PM; 5 increased by 4.11% annu-
ally (95% confidence interval [CI]: 3.64%, 4.59%), while COPD deaths
attributable to PMy 5 declined by 1.23% annually (95% CL: —0.82%,
—1.65%).

LC and COPD deaths attributable to PM> 5 by sex

The trends in crude rates and ASMR for LC attributable to PMy 5
increased in both males and females, with a slight decline observed in
males after 2016 (Fig. 2). For COPD, both the crude rate and ASMR
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Fig. 2. The long-term change in crude mortality rates and age-standardized mortality rates (ASMR) of LC and COPD attributable to PM(2.5) by sex. LC, lung cancer;

COPD, chronic obstructive pulmonary disease.

Table 1

The ASMR and average annual percentage change in LC and COPD mortality attributable to PM(2.5) from 1990 to 2021.

1990 2021 Average annual 95% confidence
Crude rate ASMR (per 100,000) Crude rate ASMR (per 100,000) percentage change (%) interval (CT)
Lung cancer
Male 3.01 4.95 16.6 12.50 3.91* 3.39, 4.44
Female 1.11 1.56 8.31 5.25 4.56* 4.19, 4.92
Both 2.09 3.09 12.55 8.54 4.11* 3.64, 4.59
COPD
Male 17.08 47.01 31.48 32.23 —1.09* —0.63, —1.55
Female 12.22 23.72 22.89 15.73 —1.44* —1.05, -1.83
Both 14.73 32.60 27.28 22.12 —1.23* —0.82, —1.65

LC, lung cancer; COPD, chronic obstructive pulmonary disease; ASMR, age-standardized mortality rates. *P < 0.001.
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attributable to PM, 5 increased until 2004, followed by a decline in both
sexes. Mortality levels for both LC and COPD attributable to PMj 5 were s 2 x
significantly higher in males than females. The AAPC in ASMR for LC g ; ® ©
attributable to PMy s was significantly greater in females (AAPC = EJ Té i lé g § g § § % § 5 § § § £ E
4.56%, 95% CI: 4.19%, 4.92%) compared to males (AAPC = 3.91%, 95% EE2R|99999FFSST 7N TS
CL: 3.39%, 4.44%) (Table 1). The AAPC for COPD showed a slightly
higher decline in females (AAPC = —1.44%, 95% CI: —1.05%, —1.83%) Q
than in males (AAPC = —1.09%, 95% CI: —0.63%, —1.55%). ‘E} w1 n 10
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Table 3
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Decomposition of changes in LC and COPD mortality attributable to PM(2.5) in China.

1991 2021

Crude mortality Crude mortality

Difference in mortality rate

Impact of demographic composition Impact of other risk factors

The increase value The increase value

LC 2.350
COPD 17.773

12.560 10.210
25.692 7.919

4.395 (43.05%)
18.547 (234.21%)

5.815 (56.95%)
—10.628 (—134.21%)

LC, lung cancer; COPD, chronic obstructive pulmonary disease.

mortality rate for COPD would decrease by 38.88% by 2030, and if the
control target PMj 5 concentration were achieved, 0.27 million COPD
deaths could be avoided.'® As reported herein, the ASMR for COPD
attributable to PMj 5 declined over the study period. Further decompo-
sition analysis of the mortality difference indicated that the increase in
COPD mortality attributable to PM; 5 was caused entirely by population
aging, whereas the other risk factors contributed to a decrease in mor-
tality. The underlying reason for the decline might be associated with
smoking control.'® However, COPD mortality is expected to increase by
2030 if exposures to tobacco use and air pollution continue.'® Thus, air
pollution control efforts should continue to be enhanced to maintain a
stable decrease in COPD. By comparison, a simulated decrease in the
annual mean values of PMy5 to 10 pg/m® in Korea has suggested that
approximately 8539 premature deaths due to IHD, COPD, LC, and stroke
would be prevele.?’ In that study, decreasing trends in the mortality
burden attributable to PM; 5 were noted since 2006. Improvements in
health effects attributable to ambient PM5 5 concentrations have also
been observed across the United States.?! These findings might provide
insights into potential strategies that could be adopted in China.

Implications for nursing practice and research

Higher concentrations of PM; 5 are associated with poorer LC survival
rates'>?? and have been correlated with COPD exacerbation.?® In gen-
eral, the prognosis of cancer and the nurse care are related. Nurses were
increasingly working in global health arenas but were typically
ill-prepared to address this complex environmental health problem.
Nurses can play a key role in education, practice, and research to develop
and support interventions, which may reduce this substantial burden of
disease.?* In nursing practice, epidemiology risk factors could be utilized
to target the fraction of population, which may benefit most from the
introduced screening modality.?

As reported, linking risk information with knowledge of strategies for
reducing these risks provided a basis for planning and implementing
interventions to prevent lung cancer.?® This study can provide epidemi-
ology information to effectively reduce death burden of LC and COPD,
and also provide evidence-based recommendations for policy makers, the
general public, and clinicians and nurses. More advanced medical
equipment, a wider variety of effective drugs, and humanized nursing
measures are crucial for increasing the survival rates of LC and COPD. As
reported, a core challenge to health systems is the chronic illnesses
requiring ongoing and long-term health care.?” Further studies will be
necessary to enable evaluation of interventions and policies.?®°

Limitations

This study has several limitations. This study lacks epidemiological
survey data on air pollutants which were not provided and discussed in
the Chinese population. The exploration of predictive statistical methods
for LC and COPD trends could be estimated in the next study. There might
be uncertainty of the exposure estimates as there was no measurement in
some areas, or the data was not available in GBD 2021 study.

Conclusions

The lung cancer deaths attributable to ambient PMj 5 exposure in
China is increasing. The COPD deaths attributable to ambient PMj 5

seems to have been improved somewhat. Air pollution remains an
important leading risk factor in China. Thus, the continued measures of
air pollution control should be enhanced to prevent and control LC and
COPD deaths. Besides, the situation of aging problem should be improved
in Chinese population to reduce the impact of population aging on
population health and economic development.
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