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Highlights
•	Particulate matter 2.5 (PM2.5) fell in Lanzhou, China, yet premature respiratory deaths did not decline.
•	Aging and baseline mortality rises offset air quality improvements.
•	Global exposure mortality model (GEMM) model used to estimate district-level PM2.5-attributable deaths.
•	Elderly and urban districts bear higher PM2.5 health burdens.
•	Targeted policies needed for chronic obstructive pulmonary disease and lung cancer disparities.

Abstract
Objectives: Exposure to particulate matter 2.5 (PM2.5) remains a critical public health issue in China. Understanding its spatial distribution and as-
sociated mortality burden is crucial for developing effective preventive strategies. Material and Methods: This study analyzed PM2.5 distribution 
and estimated premature mortality from chronic obstructive pulmonary disease (COPD) and lung cancer attributable to PM2.5. The analysis covered 
different districts and 3 age groups in Lanzhou City, using the global exposure mortality model (GEMM). Results: From 2014 to 2023, PM2.5 con
centrations were significantly reduced city-wide. However, the number of PM2.5-attributable premature deaths did not decline substantially. In some 
districts, these deaths even increased against a backdrop of rising overall mortality. The majority of premature deaths occurred in people aged 
≥65 years. Lowering PM2.5 concentrations remains important for controlling mortality from both diseases. However, the trends were not entirely 
consistent, indicating a complex relationship between PM2.5 and mortality. Conclusions: Particulate matter 2.5 continues to have a substantial im-
pact on health. Sustained efforts in air quality improvement and targeted health interventions for the elderly population are necessary. Int J Occup 
Med Environ Health. 2026;39(1)
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INTRODUCTION
Globally, about 6.67 million premature deaths were due to 
air pollution in 2019. Particulate matter pollution is listed 
as the fifth leading cause of death on the Global Burden 
of Disease (GBD) study [1].  Fine particulate matter with 

aerodynamic diameter ≤2.5 μm (PM2.5) is the most widely 
studied among all air pollutants with its harmful im-
pacts on human health all over the world, according to 
the latest GBD 2021, exposure to ambient PM2.5 resulted 
in 4.83 million deaths worldwide in 2021. The number of 
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This aligns with global exposure-response evidence indi-
cating that a 10 μg/m3 increase in PM2.5 levels was associ-
ated with an 18% increase in the incidence of COPD [9]. 
Regarding another major outcome, lung cancer was also 
the  leading cause of cancer death, with an estimated 
1.8 million deaths (18.7%) as reported by the Interna-
tional Agency for Research on Cancer (IARC) in 185 coun-
tries [10].
The global trends described above are critically reflected 
in the Chinese context. In China, it is thought that there 
were significant adverse effects of PM2.5 on the incidence 
rates of lung cancer for both males and females [11]. Lung 
cancer, the most common malignancy in China, is also 
the leading cause of cancer-related mortality [12]. This 
alignment between global patterns and the national situa-
tion underscores the universality of the challenge.
Beyond the  epidemiological associations, the  adverse 
health impacts of PM2.5, including both chronic disease 
mechanisms and acute effects [13,14], are grounded in 
well-characterized biological pathways relevant to COPD 
and lung cancer. PM2.5 can cause oxidative stress, which 
is triggered by the catalyzation of biochemical reactions, 
the activation of oxidases and metabolic enzymes, and mi-
tochondrial dysfunction, all of which can lead to lung in-
jury and aggravate various respiratory diseases including 
COPD and lung cancer [15], besides these, chronic in-
flammation and epigenetic alterations are also impor-
tant mechanisms  [16,17]. Through these mechanisms, 
PM2.5 exerts varying degrees of acute and chronic effects 
on human health.
This study focused on Lanzhou city, the capital of Gansu 
Province, northwest China. It is located in the conver-
gence of the Loess Plateau, Qinghai-Tibet Plateau, and 
Inner Mongolia Plateau, making it prone to sand and dust  
storms [18]. The industrial structure of the city was domi-
nated by heavy industry such as petrochemical, metallur-
gical, and mechanical industries, and there is a 5-month-
long heating period in winter every year. According to 

global deaths attributable to ambient PM2.5 is estimated 
to have increased from 3.5 million in 1990 to 4.83 million 
in 2021 [2]. Despite prematurely achieving its 2030 target 
of a 55% reduction in PM2.5 related health impacts (from 
2005 levels) with a 57% decrease by 2023, the European 
Union (EU) still recorded 182 000 premature deaths at-
tributable to PM2.5 in that year [3].
With the  industrialization and rapid economic devel-
opment in the  past decades, PM2.5  pollution has be-
come a  leading environmental challenge in China  [4]. 
To tackle the severe PM2.5 pollution, the government has 
implemented several control policies. In 2013, China is-
sued the  Air Pollution Prevention and Control Action 
Plan (APPCAP) which improved PM2.5 concentration [5]. 
In addition, due to rapid urbanization and improved eco-
nomic conditions, the rural-urban migrant population 
has switched to cleaner fuel types, contributing signif-
icantly to the decline in PM2.5 concentrations in China. 
However, the GBD analysis found that ambient PM2.5 pol-
lution resulted in approx. 1.4 million premature deaths 
in 2019 in China [1].
According to the World Health Organization (WHO) re-
port on Sustainable Development Goal Indicator 3.9.1, 
in 2019, an estimated 1 034 497 deaths from chronic ob-
structive pulmonary disease (COPD) and 352 520 deaths 
from lung cancer were attributable to the joint effects of 
ambient and household air pollution. These figures repre-
sent approx. 30% of all global COPD deaths and 11% of all 
global lung cancer deaths in that year [6], highlighting air 
pollution as a significant and preventable risk factor for 
these respiratory diseases. A direct comparison of these 
population‑attributable fractions reveals a substantially 
higher burden for COPD than for lung cancer. Among 
the diseases of the respiratory system, COPD is the leading 
cause of death in the world [7]. Notably, among the nu-
merous health outcomes linked to PM2.5, chronic respira-
tory diseases are the leading causes of mortality and mor-
bidity worldwide, and COPD leads to the most deaths [8]. 
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on the yearly PM2.5 raster data at 1 km resolution na-
tionwide in 2000–2023, released by the  National Ti-
betan Plateau Science Data Center, based on the admin-
istrative boundary data. The death surveillance data and 
population data were collected from the cause of death 
registration and reporting information system of the 
Lanzhou Center for Disease Control and Prevention. 
The PM2.5 concentration, cause-of-death data, and de-
mographic data used in this study are all from the years 
2014 and 2021.

Estimation of PM2.5 concentration in Lanzhou city
The population density was used to weight and calculate 
the average PM2.5 concentration for the entire city of Lan-
zhou, from which the average premature mortality rate 
was calculated.
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where:
Ci – the PM2.5 concentration of each district,
Di – the population density of each district.

Calculation of PM2.5-attributed death
Burnett et al. [21] found that long-term exposure to PM2.5 
was closely related to premature deaths caused by isch-
emic heart disease (IHD), cerebrovascular disease (CEV) 
(stroke), COPD, lung cancer (LC), and lower respira-
tory infections (LRI). Based on a  large amount of data 
from 41 cohorts in 16 countries, an innovative GEMM 
was established to calculate premature deaths attribut-
able to PM2.5. The GEMM assumes a logarithmic relation-
ship between exposure and baseline risk ratios and in-
corporates results from a Chinese cohort study [21]. Chi-
nese scholars proved that the GEMM results were in better 
agreement with census-based estimation [22].

local source apportionment studies, PM2.5  in Lanzhou 
primarily originates from multiple sources including soil 
dust, coal combustion, industrial and vehicle emissions, 
secondary sulfate, and biomass burning, with secondary 
aerosols, coal combustion, and vehicle emissions being 
identified as the  dominant contributors  [19]. During 
the process of urban development, the emission of PM2.5 
exceeds the atmospheric self-purification capacity. Before 
the implementation of the air pollution prevention and 
control plan, the air quality in Lanzhou City was poor and 
ranked among the top 10 severely air-polluted cities in 
the country. After comprehensive management, the air 
quality of Lanzhou City has improved significantly [20].
The authors’ previous study analyzed that the crude mor-
tality rate of the population in Lanzhou City has a rising 
tendency from 2014–2021 and is higher than that at the na-
tional level. The neoplasms and diseases of the respiratory 
system was ranked the second and third causes of death, 
respectively. Lung cancer is the first cause of death among 
all cancers, and COPD is the top cause of death among dis-
eases of the respiratory system in 2014–2021 in all ages. 
These 2 diseases of the respiratory system are related to 
air pollutants. Thus, this study aimed to clarify the rela-
tionship between PM2.5 health risks and population death 
caused by COPD and lung cancer. On the basis of 2014 (be-
fore the implementation of the plan) and 2023 (after the 
implementation of the plan) PM2.5 monitoring data and 
the  resident death database, global exposure mortality 
model (GEMM) was used to estimate the premature mor-
tality of COPD and lung cancer due to PM2.5 at the district/
county level. And to explore the changes in the concentra-
tion of PM2.5 and the impact of PM2.5 on the health of the 
population.

MATERIAL AND METHODS
Data source
The annual average concentration of PM2.5 for each dis-
trict/county of Lanzhou City, China, is calculated based 
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In this study, the authors considered the resident popu-
lation as the exposed population for their calculations.

Simulation of mortality  
of reduced PM2.5 concentrations
To quantify the association between PM2.5 concentration 
and premature mortality under current conditions, sev-
eral scenarios were established. Assuming a gradual re-
duction in PM2.5 from the level of 57.38 μg/m³, the au-
thors calculated the corresponding premature mortality 
rate and its 95% CI for each concentration. The concen-
tration threshold for a statistically significant decrease in 
PM2.5-attributable deaths was identified.

Model stability assessment
To assess the stability of their primary model, the authors 
conducted a validation analysis using the integrated ex-
posure-response (IER) model [23]. This alternative ap-
proach yielded estimates for PM2.5-attributable mortality 
from lung cancer and COPD. The  overall trends, geo-
graphical patterns, and magnitude of the disease burden 
estimated by the IER model were consistent with those de-
rived from the primary GEMM model. While point esti-
mates differed as expected due to variations in the concen-
tration-response functions, the direction and significance 
of the association between PM2.5 exposure and attributable 
mortality remained robust. This consistency across 2 in-
dependent and widely used risk models strengthens confi-
dence in the stability of the authors’ primary findings and 
suggests that the conclusions are not highly sensitive to 
the choice of a specific concentration-response function. 
Detailed data from the stability analysis are provided in 
the results.

This study focused on COPD and LC. The relationship be-
tween PM2.5 concentrations and mortality are described 
by the following hazard ratio (HR) functions:

	 HR(z) = exp{θT(z)}� (2)
where:
θ – the concentration-response model coefficient,
z – observed PM2.5 concentration 2.4 µg/m3,
T(z) – the complex transformation function applied to the con-
centration.

T(z) is calculated as follows:

	 T(z) = f (z)ω (z)� (3)
	 f (z) = log (1 + z/α)� (4)
	 ω(z) = 1/(1 + exp {− (z − μ)/(ν)})� (5)
where:
α, μ, ν – the curved form of the hazard ratio function.

Overall, through specifying the parameters (α, μ, ν) in 
Table 1, the HR(z) can be calculated [21].

	 ÷
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where:
M – premature mortality caused by PM2.5 exposure,
y0 – disease-specific baseline mortality rates,
Pop – the adult population (>25 years of age) exposed to PM2.5 
in a certain area.

Considering the  uncertainty of HR in the  model, 
a 95% confidence interval (CI) was calculated using the 
standard error [SE(θ)] in the GEMM.

Table 1. Global exposure mortality model (GEMM) parameter estimates for the population >25 years by cause of death

Cause of death θ SE(θ) α μ ν

Chronic obstructive pulmonary disease 0.2510 0.6762 6.5 2.5 32

Lung cancer 0.2942 0.06147 6.2 9.3 29.8
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dards. No spatial cluster of PM2.5 concentrations existed 
in both 2014 and 2023 (Figure 1).

Actual mortality of COPD
and lung cancer in 2014 and 2023
The actual mortality rate of COPD in Lanzhou city raised 
from 39.89/100 000 persons in 2014 to 47.36/100 000 per-
sons in 2023, of lung cancer raised from 18.86/100 000 per-
sons in 2014 to 47.36/100 000 persons in 2023. For COPD, 
the actual mortality rate increased substantially in all dis-
tricts/counties except Chengguan district and Yuzhong 
county, with a slight change in Chengguan district from 
30.96/100 000 persons to 30.22/100 000 persons and kind of 
significant change in Yuzhong county, which dropped from 
165.56/100 000 persons to 134.73/100 000 persons. As for 
lung cancer, the actual mortality rate increased significantly 
in all districts except Yuzhong county, which dropped from 
25.05/100  000 persons to 19.74/100  000 persons. Both 
in 2014 and 2023, COPD mortality rates were the highest in 
the Yuzhong county, 165.56/100 000 persons in 2014 and 
134.73/100 000 persons in 2023. As for lung cancer, the 
mortality rate is highest in Chengguan district in 2014 with 
26.81/100  000 persons, and in Xigu district in 2023, 
with 54.07/100 000 persons (Table 2).

Ethics statement
This research involved the analysis of modelled exposure 
estimates and publicly reported health statistics. As the 
study did not involve human participants, animal sub-
jects, or primary data collection, ethical approval was not 
required.

RESULTS
Spatiotemporal characteristics of PM2.5  
in 2014 and 2023
Lanzhou City consists of 3 counties and 5 districts. 
The average concentrations of PM2.5 is significantly 
decreased from 57.38 μg/m3 in 2014 to 36.08 μg/m3 
in 2023. In 2014, PM2.5 concentrations were generally 
at high levels, with all districts failing to meet Grade II 
(35  μg/m3) of China’s National Ambient Air Quality 
Standards (GB 3095-2012). In 2023, the 4 main urban 
areas Chengguan district (36.17  μg/m3), Qilihe dis-
trict (35.54 μg/m3), Xigu district (37.56 μg/m3) and An-
ning district (36.21 μg/m3) were not meeting the  na-
tional Grade II standards, but the 3 counties where Yong-
deng county (31.23 μg/m3), Gaolan county (33.22 μg/m3) 
and Yuzhong county  (31.55  μg/m3) and Honggu dis-
trict (34.29 μg/m3), were lower than the national stan-

a) b)

52.39–53.02 μg/m³
53.03–54.07 μg/m³
54.08–55.33 μg/m³
55.34–57.12 μg/m³
57.13–60.32 μg/m³

Yongdeng

Gaolan

Honggu

Xigu
Anning

Chengguan

Qilihe Yuzhong

0 15 30 45 60 km

PM
2.5

31.23–31.55 μg/m³
31.56–33.22 μg/m³
33.23–34.29 μg/m³
34.30–36.17 μg/m³
36.18–37.56 μg/m³

Yongdeng

Gaolan

Honggu

Xigu
Anning

Chengguan

Qilihe Yuzhong

0 15 30 45 60 km

PM
2.5

Figure 1. Spatial distribution of particulate matter with aerodynamic diameter ≤2.5 μm (PM2.5) in Lanzhou city, China, in a) 2014 and b) 2023
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(95% CI: 3.05–6.81) in 2023, respectively. These accounted 
for 21.32% (95% CI: 13.22–28.78%) of the total deaths of 
lung cancer in 2014 and 15.23% (95% CI: 9.24–20.71%) 
in 2023 (Table 3). The results of the stability test using 
the IER model are shown in Table 4.

Region-specific premature mortality
As showed in Figure 3, for COPD, Yuzhong County ac-
counted for the largest proportion of premature mortality 
(45% in 2014 and 29% in 2023), while Gaolan County had 
the smallest proportion (3% in 2014 and 2% in 2023). For 
lung cancer, Chengguan District represented the  largest 
share of premature mortality (52% in 2014 and 40% in 2023), 
whereas Gaolan County again showed the smallest propor-
tion (1% in 2014 and 3% in 2023).

Age-specific premature mortality
Among each age group, premature mortalities attributable 
to PM2.5 in the ≥65-year age group are all much higher 
than the  other 2 age groups, both in COPD and lung 
cancer in 2014 and 2023. Furthermore, the proportion 
of total premature deaths accounted for by the ≥65-year 

Changes of population aged ≥65 years
in Lanzhou city from 2014 to 2023
It can be seen in Figure 2 that the number of people aged 
≥65 years has raised from 345 090 in 2014 to 541 200 
in 2023, and the proportion has risen from 9.48% in 2014 
to 12.71% in 2023 in Lanzhou city. The most significant 
changes in the proportion of people aged ≥65 were in 
Yongdeng county (10.02% in 2014 and 16.70% in 2023) 
and Honggu district (8.39%in 2014 and 14.09% in 2023).

Premature mortality attributable to PM2.5 analysis
in 2014 and 2023
Cause-specific premature mortality
Using the GEMM model, the results showed that the pre-
mature mortality rate of COPD attributable to PM2.5 were 
7.4/100 000 persons (95% CI: 3.68–10.73) in 2014 and 
6.36/100 000 persons (95% CI: 3.12–9.36) in 2023, respec-
tively. These accounted for 18.55% (95% CI: 9.27–26.91%) 
of the total deaths of COPD in 2014 and 13.43% (95% CI: 
6.61–19.76%) in 2023. The premature mortality rates of 
lung cancer attributable to PM2.5 were 4.03/100 000 per-
sons (95% CI: 2.50–5.42) in 2014 and 4.99/100 000 persons 

Table 2. Actual mortality of chronic obstructive pulmonary disease (COPD) and lung cancer among adults ≥25 years, Lanzhou City, China, 2014 and 2023

District/county

COPD Lung cancer

2014 2023 2014 2023

mortality
mortality rate 

[n/100 000 persons/
year]

mortality
mortality rate 

[n/100 000 persons/
year]

mortality
mortality rate 

[n/100 000 persons/
year]

mortality
mortality rate 

[n/100 000 persons/
year]

Lanzhou 992 39.89 1422 47.36 469 18.86 985 32.80

Chengguan 283 30.96 358 30.22 245 26.81 384 32.41

Qilihe 46 11.82 139 24.94 58 14.90 142 25.48

Xigu 55 20.06 109 37.54 53 19.33 157 54.07

Anning 22 14.27 42 18.84 13 8.43 75 33.65

Honggu 13 13.03 84 78.00 10 10.02 44 40.86

Yongdeng 91 31.63 226 93.12 14 4.87 86 35.44

Gaolan 26 28.16 34 43.77 7 7.58 34 43.77

Yuzhong 456 165.56 430 134.73 69 25.05 63 19.74
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DISCUSSION
The study showed that the average concentration of PM2.5 
was decreased significantly from 2014 to 2023 in Lanzhou 
City; however, there is no change in premature mortality 
of COPD and lung cancer attributable to PM2.5, which is 
also more in line with a previous study, where it has been 
found that while policies have reduced ambient pol-
lutant concentrations, the health burden continues to rise 
in China [24]. Globally, the number of COPD deaths at-
tributable to PM2.5 increased by 90% from 1990 to 2019, 
most occurred in middle sociodemographic index (SDI) 
region [8].
Premature mortality is influenced by PM2.5 concentra-
tion, baseline mortality and resident population. From 
2014 to 2023, the average PM2.5 concentration in Lanzhou 
City decreased from 57.38 μg/m³ to 36.08 μg/m³, indi-
cating the effect of air quality policies, though it remained 
above the national Grade II standard (The annual average 
value shall not be higher than 35μg/m3 in residential areas, 
mixed commercial-transportation residential areas, cul-
tural areas, industrial areas and rural areas) [25]. Spatially, 
concentrations were highest in the 4 main urban districts 
and decreased toward the periphery, due to factors such 
as their higher population density, industrial activity, and 

group increased from 2014 to 2023. For COPD, the pro-
portion of premature mortality rose from 91% to 93%, 
while for lung cancer, it increased more markedly from 
64% to 73% as illustrated in Figure 4.

Simulation of mortality benefits of lower PM2.5

In Figures 5, the T1 and T2 thresholds represent the PM2.5 
concentrations at which premature mortality becomes sig-
nificantly lower than the 2014 and 2023 baseline levels, re-
spectively. The simulation was conducted using the 2023 
population and actual mortality data, with PM2.5 concen-
tration as the sole variable. The PM2.5 concentration starts 
to decline from 57.38 μg/m3(PM2.5 concentration in 2014 in 
Lanzhou city), resulting in a more significant reduction in 
premature mortality when the decline reaches 9.80 μg/m3 
in COPD deaths and 13.80 μg/m3 in lung cancer deaths 
compared with the  situation in 2023 (T2  in  Figure  5a 
and  5b). While comparing with the  situation in  2014, 
a more significant reduction would be seen when the de-
cline reaches 11.50 μg/m3 in COPD and 11.20 μg/m3 in 
lung cancer (T1 in Figure 5a and 5b). The PM2.5-attrib-
utable mortality is also estimated for 2 key benchmarks: 
the national Grade II standard (35 μg/m³) and the national 
Grade I standard (15 μg/m³).

a) b)

0

6

8

10

12

16

18

Po
pu

lat
ion

 [%
]

Lan
zhou

Chengguan
Qilih

e
Xigu

Anning
Honggu

Yongdeng
Gaolan

Yuzhong

District

Year
2014
2023

4

2

0

100 000

200 000

300 000

400 000

500 000

600 000

Po
pu

lat
ion

 [n
]

Lan
zhou

Chengguan
Qilih

e
Xigu

Anning
Honggu

Yongdeng
Gaolan

Yuzhong

District

Year
2014
2023

Figure 2. a) Number and b) proportion of people aged ≥65 years in Lanzhou city, China, 2014 and 2023
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traffic volume. Consistent with studies identifying densely 
populated areas as high-risk zones [26], the health risk 
of PM2.5 was concentrated in these urban cores. In 2023, 
these 4 urban districts contained 75.12% of the city’s pop-
ulation. Accordingly, they accounted for a  dispropor-
tionate share of PM2.5-attributable deaths: 45.57% for 
COPD and 76.95% for lung cancer, highlighting clear 
intra-city disparities.
The imperative for sustained air quality management is not 
confined to China. Recent evidence from Europe under-
scores that this is a pervasive global challenge. According 
to the Europe’s Air Quality Status 2023 report, despite 
long-term reductions in emissions, 97% of the EU’s urban 
population in 2021 remained exposed to fine particulate 
matter (PM2.5) levels exceeding the stringent WHO 2021 
annual guideline of 5 µg/m³ [27]. This widespread exceed-
ance of health-based thresholds in a highly regulated re-
gion highlights the immense difficulty in achieving safe 
air quality levels, even with advanced policies and tech-
nologies. This situation illustrates that reducing emissions 
does not automatically translate into immediate health 
gains at the population level, due to factors like popula-
tion aging and legacy exposure. The authors’ findings of 
significant disease burdens in China, when viewed along-
side this European evidence, reinforce a critical public 
health message: continuous and intensified efforts to re-
duce air pollution are urgently needed worldwide to mit-
igate the substantial and ongoing burden of respiratory 
and cardiovascular diseases. This global perspective aligns 
with the objectives of international policy frameworks 
such as the WHO 2021 Global Air Quality Guidelines and 
the EU’s Zero Pollution Action Plan, which call for persis-
tent action to bridge the gap between current exposures 
and health-protective targets.
According to this study, both the population size and the 
actual number of deaths from COPD and lung cancer in-
creased notably over the past 10 years in Lanzhou City, 
a trend consistent with some global studies [28,29]. This in-Yo
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crease occurred alongside population aging, as evidenced 
by the rise in the proportion of people aged ≥65 years  
from 9.48% in 2014 to 12.71% in 2023, which contributed 
to the relatively high baseline mortality rates. It has been 
found that among LC deaths attributable to PM2.5, popu-
lation aging accounted for 43.0% of the increase in mor-
tality. Regarding PM2.5-related COPD deaths, aging corre-
sponded to an increase of 18.547/100 000 population [30]. 
The mortality rate attributable to PM2.5 showed substantial 
disparities among different age groups, with a particularly 
high and increasing burden in the ≥65-year age group. 
Specifically, the proportion of premature mortality among 
those aged ≥65 year increased from 91% to 93% for COPD, 
and from 64% to 73% for lung cancer between 2014 and 
2023. It indicated that older people were more susceptible 
to the adverse effects of air pollution, and the age structure 
should be taken into account when estimating the prema-
ture mortality attributable to PM2.5.
The substantial health burden in China underscores 
the need for stringent air quality standards. National esti-
mates show that per capita PM2.5-related mortality reaches 
95/100 000 person-years, and achieving the WHO interim 
target (35 μg/m³) would reduce premature mortality by 
only 12.6%, whereas a stricter standard (10 μg/m³) could 
prevent 73.0% of deaths [31]. The simulation results of 
this study suggest that, assuming the baseline mortality 
rate and population size remain unchanged, a reduction 
in PM2.5 concentration to 9.8 μg/m³ or 13.80 μg/m3 would 
be required to achieve a significant decline in the attribut-
able mortality rates of COPD and lung cancer. However, 
from a practical perspective, it is highly challenging for 
PM2.5 concentrations to reach this level under current gov-
ernance conditions in a short period of time.
It is worth noticing that there are many other factors that 
influence mortality from these diseases, like smoking [32], 
other pollutants – such as sulfur dioxide, nitrogen dioxide, 
and ozone, type of treatment, population density [31], co-
morbidities  [33,34] and socioeconomic status  [35,36]. Yo
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the inter-district inequalities in economic development 
and healthcare access that currently exacerbate popula-
tion vulnerability.

Limitations
T﻿his study has several limitations. First, the  GEMM 
model, while robust, was developed from global cohorts, 
and its risk estimates may not be fully transferable to 
the local population in Lanzhou due to differences in un-
derlying health status and environmental factors. Second, 
the propagation of uncertainty, though attempted, may 
not be comprehensive, as the authors primarily focused 
on the uncertainty from the concentration-response func-
tions, with less emphasis on potential errors in baseline 
mortality and exposure data. Third, exposure measure-

Premature prevention for lung cancer (tobacco control) 
is considered to be the main reason for the decline in pre-
mature mortality rates from lung cancer in most coun-
tries [37], and smoking cessation also lowers mortality in 
COPD patients [38,39]. In Gansu province, the prevalence 
of smoking among the male population is 56.7%, which is 
one of the highest levels in China [40]. Therefore, in addi-
tion to reducing PM2.5 pollution levels, it is important to 
focus on improving healthcare and promoting healthier 
lifestyles to lower the baseline mortality rate and reduce 
the numbers of PM2.5-related death in the future.
In summary, the differential trends in PM2.5-attributable 
mortality for COPD and lung cancer underscore the ne-
cessity for disease-specific public health strategies. Fur-
thermore, mitigating the overall burden requires tackling 
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Figure 3. Proportion of a) chronic obstructive pulmonary disease (COPD) and b) lung cancer premature mortality by district in Lanzhou city, China, 2014 and 2023
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Figure 4. Proportion of premature mortality from a) chronic obstructive pulmonary disease (COPD) and b) lung cancer by age group in Lanzhou city, China, 2014 and 2023
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tion consistently bore the highest burden. It is also crit-
ical to note that due to the multi-year development cycles 
of these chronic diseases, the positive impact of air quality 
policies on mortality rates may only become apparent over 
a longer observation period. These findings underscore 
the need for targeted and forward-looking public health 
interventions that address both air quality and demo-
graphic challenges to achieve meaningful health benefits.
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ment error is inevitable, as the PM2.5 concentrations were 
derived from the National Tibetan Plateau Science Data 
Center, which may not capture fine-scale spatial vari-
ability or personal exposure accurately. Fourth, potential 
misclassification of cause of death, particularly between 
COPD and other respiratory diseases, in the vital registra-
tion system could affect the accuracy of baseline mortality 
rates. Additionally, the analysis was restricted to COPD 
and lung cancer, excluding other PM2.5-related diseases. 
Finally, the GEMM model does not account for spatial 
spillover effects of air pollution. Despite these limitations, 
the consistent findings using an alternative model (IER) 
in the authors’ sensitivity analysis strengthen the robust-
ness of their primary conclusions regarding the substan-
tial disease burden attributable to PM2.5 in Lanzhou.

CONCLUSIONS
In conclusion, despite improved air quality in Lanzhou 
in  2014–2023, PM2.5-attributable premature mortality 
from COPD and lung cancer showed no significant decline, 
largely due to population aging and increased baseline 
mortality. Substantial regional disparities were observed, 
with some areas experiencing increased mortality despite 
meeting air quality standards, while the elderly popula-
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Figure 5. Changes in a) COPD and b) lung cancer premature mortality in Lanzhou city, China, 2014 and 2023
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