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Abstract
Background: Model-estimated air pollution exposure products have been widely used in epidemiological studies to assess the health risks of 
particulate matter with diameters of ≤2.5 mm (PM2.5). However, few studies have assessed the disparities in health effects between model- 
estimated and station-observed PM2.5 exposures.
Methods: We collected daily all-cause, respiratory and cardiovascular mortality data in 347 cities across 15 countries and regions worldwide 
based on the Multi-City Multi-Country collaborative research network. The station-observed PM2.5 data were obtained from official monitoring 
stations. The model-estimated global PM2.5 product was developed using a machine-learning approach. The associations between daily expo-
sure to PM2.5 and mortality were evaluated using a two-stage analytical approach.
Results: We included 15.8 million all-cause, 1.5 million respiratory and 4.5 million cardiovascular deaths from 2000 to 2018. Short-term exposure 
to PM2.5 was associated with a relative risk increase (RRI) of mortality from both station-observed and model-estimated exposures. Every 10-μg/ 
m3 increase in the 2-day moving average PM2.5 was associated with overall RRIs of 0.67% (95% CI: 0.49 to 0.85), 0.68% (95% CI: –0.03 to 1.39) 
and 0.45% (95% CI: 0.08 to 0.82) for all-cause, respiratory, and cardiovascular mortality based on station-observed PM2.5 and RRIs of 0.87% 
(95% CI: 0.68 to 1.06), 0.81% (95% CI: 0.08 to 1.55) and 0.71% (95% CI: 0.32 to 1.09) based on model-estimated exposure, respectively.
Conclusions: Mortality risks associated with daily PM2.5 exposure were consistent for both station-observed and model-estimated exposures, 
suggesting the reliability and potential applicability of the global PM2.5 product in epidemiological studies.
Keywords: Short-term exposure, fine particulate matter, model estimation, air monitoring station observation, mortality risk comparison. 

Key Messages 
� This study investigated the disparities in health effects between station-observed and model-estimated daily mean fine particulate matter 

(PM2.5) and 15.8 million all-cause, 1.5 million respiratory and 4.5 million cardiovascular deaths across 15 countries from 2000 to 2018. 
� Results found consistent mortality risks associated with daily PM2.5 exposure from both station-observed and model-estimated data, 

with every 10-μg/m3 increase in daily mean PM2.5 associated with relative risk increase for mortality. 
� The findings highlight the reliability and potential applicability of model-estimated PM2.5 exposure assessments in epidemiological 

studies, supporting their use when direct measurement data are unavailable. 
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Introduction
Both acute and chronic exposure to particulate matter with 
diameters of ≤2.5 mm (PM2.5) are associated with a range of 
adverse health outcomes, including cardiovascular and respi-
ratory diseases, as well as premature deaths.1–3 Ambient air 
quality monitoring station data provide precise exposure as-
sessment for areas close to the monitoring stations and have 
been widely used in epidemiological studies to estimate the 
health impacts of air pollution.4,5 However, reliance on a 
limited number of monitoring sites for exposure assessment 
may not adequately capture population exposure in large- 
scale air pollution epidemiological studies. Single station sites 
cannot represent air quality within whole cities, let alone 
across broader regions.6

Model-estimated air quality products play crucial roles in 
addressing the limitations of monitoring stations. They en-
able exposure estimates for populations far from stations or 
in regions where monitoring stations are unavailable.7

Numerous air pollution modelling studies have been emerg-
ing to estimate both long-term (monthly to yearly) and short- 
term (hourly to daily) PM2.5 exposure on regional and global 
scales.8,9 These air quality models use either traditional statis-
tical approaches or intricate hybrid machine-learning and 
deep-learning algorithms to provide accurate air pollution 
estimations with enhanced spatial coverage and spatiotempo-
ral resolution.5,9,10

Increasing epidemiological studies have used estimated air 
pollution levels to assess the association between PM2.5 expo-
sure and adverse health outcomes.3,11–13 However, to 
date, only a few studies have compared the difference in the 
exposure–response (E–R) relationships derived from station- 
observed air quality concentrations and model-estimated ex-
posure.6,13,14 Even though most studies found a consistent 
positive E–R association, health effect estimates varied across 
exposure assessment approaches.6,15 Additionally, previous 
comparative studies have primarily focused on specific 
regions or cities.7,12,15,16 To the best of our knowledge, no 
study has examined the difference in E–R with station- 
observed and model-estimated daily PM2.5 in multiple coun-
tries and cities on a global scale. This study aimed to evaluate 
the reliability of employing model-estimated daily PM2.5 in 
mortality risk assessment, using daily mortality data from 
347 cities across 15 countries and regions worldwide with av-
erage period of 8.3 years from 2000 to 2018.

Methods
Data collection
The daily mortality data were collected from the Multi-City 
Multi-Country collaborative research network (MCC)—an 
international collaboration of research teams that seeks to 
produce epidemiological evidence on associations between 
environmental exposure and health.4 We incorporated daily 
mortality statistics occurring from January 2000 through to 
December 2018. The daily counts of deaths resulting from 
all-cause diseases, cardiovascular disease [International 
Classification of Diseases, 10th revision (ICD-10) codes I00– 
I99] and respiratory disease (ICD-10 codes J00–J99) were 
obtained for MCC cities with available data during the study 
period. When all-cause mortality data were unavailable, non- 
accidental deaths (CD-10 codes A00–R99) were used to rep-
resent all-cause mortality.

The global station-observed daily mean PM2.5 concentra-
tion data were obtained from official monitoring stations 
through multiple data sources worldwide, including the na-
tional and regional environmental protective agencies from 
the USA, Australia,17 China, the European Environmental 
Agency18 and other national government agencies.9 To en-
sure the comparability of health risks estimated from station- 
observed and model-estimated PM2.5 sources, our study was 
limited to MCC cities in which both ground-based PM2.5 

observations and model-estimated values were available dur-
ing the study period. As a result, 1710 stations in 347 MCC 
cities from 15 countries and regions were ultimately included 
in the analysis. Figure 1 demonstrates the geographical distri-
bution of the 347 locations and their observed mean daily 
PM2.5 concentrations during the study time frame. A detailed 
description of the included monitoring stations in MCC cities 
and climate data collection can be found in the 
Supplementary material (available as Supplementary data at 
IJE online).

The grid-based model-estimated daily PM2.5 data were re-
trieved from a global modelling product.9 This product esti-
mated global surface-level daily PM2.5 concentrations at a 
high spatial resolution of 0.1�×0.1� from 2000 to 2019, us-
ing an innovative machine-learning framework. In brief, an 
innovative Deep Ensemble Machine Learning model was 
employed by integrating measurements in 5446 ground- 
based monitoring stations,19 GEOS-Chem Chemical 
Transport Model simulations, satellite-based data, and mete-
orological and land cover information. The model achieved 
high consistency compared with the ground monitoring 
measurements, with a cross-validation R2 of 0.91 and a root 
mean square error of 7.86μg/m3.9 We calculated the average 
of the daily PM2.5 concentrations from grid cells at the same 
centroid as the monitoring stations within a 10-km buffer in 
347 MCC cities to compare the disparities in E–R associa-
tions. Data with missing values were excluded from the 
matched data set.

Data analysis
We used a two-stage analytical approach to estimate the asso-
ciations of both station-observed and model-estimated daily 
PM2.5 exposure with all-cause, respiratory and cardiovascu-
lar mortality separately.20 This approach has been widely 
employed in previous multi-country studies.4,21,22 In the first 
stage, the city-specific daily PM2.5 E–R associations for each 
of the 347 cities were estimated using a quasi-Poisson regres-
sion. In line with previous short-term PM2.5 mortality associ-
ation studies,4,23 we used a natural cubic spline function of 
calendar day with seven degrees of freedom (df) per year to 
control the seasonality and long-term trends; ‘day of the 
week’ was included in the model to account for the weekly 
variations. We included daily temperature and relative hu-
midity using the natural cubic spline functions with three df 
and a maximum lag of 3 days to control for non-linear and 
delayed confounding impacts of weather conditions. 
Consistently with previous studies,4,23 we assumed a linear 
E–R association and used a 2-day moving average (lag 0–1) 
of PM2.5 concentrations (the mean of current and previous 
days) in our main analyses. We also explored the current-day 
(lag0) and previous-day (lag1) exposures to examine the 
delayed pattern of the mortality risks associated with short- 
term exposure to PM2.5.
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In the second stage, we performed a random-effects meta- 
analysis to pool the city-level estimates obtained from the first 
stage to achieve the overall E–R associations.20 We assessed the 
heterogeneity of effect estimates across cities using Cochran’s 
Q-test and the I2 statistic.24 The results were reported as the 
relative risk increase (RRI) percentage for deaths associated 
with a 10-μg/m3 increase in daily mean PM2.5 concentrations: 
RRI ¼ (Relative Risk – 1) ×100%. We also estimated the 
pooled nation-specific RRIs for all-cause, cardiovascular and 
respiratory deaths. The multivariate meta-regression method 
was used to examine the statistical differences in the RRIs from 
station-observed and model-estimated daily PM2.5 data. We 
calculated the P-value to assess the magnitude of the difference 
between these two exposure sources. The details about the 
meta-regression analysis can be found in the Supplementary 
material (available as Supplementary data at IJE online).

Several sensitivity analyses were conducted to test the ro-
bustness of the E–R estimations. We examined potential non- 
linearity in the E–R relationships between short-term PM2.5 

exposure and mortality. Furthermore, we used different 
knots and df for temperature and PM2.5 concentrations, as 
well as extending the maximum lag days from 2 to 5 days to 
examine the robustness of our estimations. We also examine 
the disparities in model-estimated PM2.5 for mortality risk as-
sessment by comparing them with an external data source 
from MCC monitoring stations.4 Specifically, we exclusively 
selected MCC monitoring stations that were not used in the 
establishment of the Deep Ensemble Machine Learning 
model. Further details regarding the sensitivity analyses are 
presented in the Supplementary material (available as 
Supplementary data at IJE online).

Results
In total, 15.8 million all-cause or non-accidental deaths, 1.5 
million deaths due to respiratory diseases, and 4.5 million 
cardiovascular deaths across 347 cities in 15 countries and 
regions were included in the study. Table 1 displays a sum-
mary of the mortality counts, daily mean PM2.5 concentra-
tions and correlation between station-observed and model- 
estimated PM2.5 exposures in the MCC countries. The mean 
daily PM2.5 concentration was 12.79 μg/m3 (SD: 9.95) from 
station-based PM2.5 observations and 12.82μg/m3 (SD: 8.32) 

from model-estimated exposure. The details about the com-
parison between station-observed and model-predicted daily 
PM2.5 in the study period are presented in Supplementary 
Figure S1 and Supplementary Table S2 (available as 
Supplementary data at IJE online).

Figure 2 shows the comparison of the RRIs of all-cause, re-
spiratory and cardiovascular mortality associated with station- 
observed and model-estimated daily mean PM2.5 concentra-
tions. Both station-observed and model-estimated PM2.5 

revealed positive relationships with all-cause, respiratory and 
cardiovascular mortality. The pooled RRIs for all-cause, respi-
ratory and cardiovascular mortality were 0.67% (95% CI: 
0.49 to 0.85), 0.68% (95% CI: –0.03 to 1.39) and 0.45% 
(95% CI: 0.08 to 0.82) per 10-μg/m3 increase in the 2-day 
moving average PM2.5 (lag0–1) from ground-based stations 
and 0.87% (95% CI: 0.68 to 1.06), 0.81% (95% CI: 0.08 to 
1.55) and 0.71% (95% CI: 0.32 to 1.09) from model- 
estimated PM2.5 data. Although the mortality effects for the 
model-estimated exposure were slightly higher than those for 
the observed exposure, no notable difference was observed 
(P¼0.122). Additionally, the RRIs for current (lag0) and 
previous-day (lag1) PM2.5 exposure showed no difference be-
tween station-observed and model-estimated data. Figure 3 dis-
plays the nation-specific analysis of the RRIs in all-cause, 
respiratory and cardiovascular mortality associated with daily 
ground-observed and model-estimated PM2.5 concentrations. 
We observed considerable variations in the estimated associa-
tions across study countries, with RRIs for all-cause deaths 
ranging from –1.06% (Norway) to 2.07% (Italy) for a 10-μg/ 
m3 increase in station-observed daily PM2.5 concentrations 
(Supplementary Table S3, available as Supplementary data at 
IJE online). However, the nation-specific RRIs did not reveal 
an obvious difference between the station-observed and model- 
estimated PM2.5 for the majority of the countries in the study.

We also explored the non-linear associations between PM2.5 

and all-cause, respiratory and cardiovascular mortality. As a 
result, no differences were found between the mortality effects 
based on station-observed and model-estimated PM2.5 data, 
with the corresponding CIs largely overlapping with each 
other (Supplementary Figure S2, available as Supplementary 
data at IJE online). Although the overall difference was not 
substantial, the cardiovascular mortality estimates displayed a 
slightly pronounced variation between model-estimated and 

Figure 1. The distribution of ground-based daily mean fine particulate matter (PM2.5) in 347 cities during the study period
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station-observed PM2.5 data, particularly at around 20μg/m3 

(Supplementary Figure S2, available as Supplementary data at 
IJE online). Furthermore, after modifying the maximum lag 
days and parameters of the spline functions, the estimated 
RRIs from the station observations and the model-estimated 
PM2.5 did not show obvious disparities (Supplementary Tables 
S4–S6, available as Supplementary data at IJE online). In 
terms of comparison with MCC monitoring stations, we found 
positive adverse E–R association for both station-observed and 

model-estimated PM2.5 exposure, with overall RRIs of 0.98% 
(95% CI: 0.72 to 1.25) and 0.46% (95% CI: 0.19 to 0.73) for 
all-cause deaths separately (Supplementary Table S7, available 
as Supplementary data at IJE online).

Discussion
In this study, we used both station-observed and model- 
estimated PM2.5 concentrations to investigate the 

Table 1. Descriptive statistic for the mortality counts, daily mean fine particulate matter (PM2.5) concentrations and correlations from both ground-based 
observations and corresponding model-estimated values in study regions

Country/region No. of cities Mortality countsa Observed PM2.5 (mg/m3)b Estimated PM2.5 (mg/m3)c re

All-cause Respiratory Cardiovasc-
ular

Mean SDd Mean SD

Australia 40 191 776 17 540 55 684 7.22 4.74 7.38 3.22 0.73
China 3 175 220 21 695 73 126 55.66 42.14 55.51 38.64 0.99
Czechia 4 375 938 22 922 176 795 23.49 19.85 22.92 14.92 0.87
Finland 1 103 183 5 470 37 115 8.88 5.28 9.70 4.82 0.86
France 19 545 339 34 963 NA 16.78 11.22 16.24 9.18 0.90
Germany 8 1 051 633 NA NA 16.10 11.07 16.83 9.96 0.92
Italy 3 54 653 NA NA 19.04 14.30 19.47 10.01 0.80
Netherlands 5 75 527 NA NA 13.37 9.44 13.91 9.12 0.98
Norway 1 69 577 5544 17 477 10.85 6.07 10.70 4.96 0.89
Portugal 2 601 001 68 113 184 571 13.16 12.29 12.98 8.07 0.81
Spain 16 641 412 83 598 193 961 11.32 7.71 11.45 6.03 0.80
Sweden 3 398 460 28 389 156 802 10.22 6.43 10.71 5.64 0.86
Taiwan 6 227 233 28 194 52 641 23.40 11.99 24.09 10.17 0.92
United Kingdom 30 2 806 736 407 292 909 634 12.38 9.03 12.28 7.67 0.90
USA 206 8 510 553 840 970 2 648 452 12.89 8.35 12.90 6.70 0.89
Total 347 15 828 241 1 564 690 4 506 258 12.79 9.95 12.82 8.32 0.90

a NA indicates that the data on respiratory or cardiovascular deaths are unavailable for the country or region.
b Observed PM2.5 refers to the daily average concentration of fine particulate matter with a diameter of <2.5 mm, as measured by monitoring stations.
c Estimated PM2.5 denotes the daily PM2.5 concentrations estimated by using a Deep Ensemble Machine Learning model at the same locations as the 

monitoring stations.
d SD refers to the standard deviation of the daily average PM2.5 observed or estimated during the study period.
e ‘r’ indicates the correlation coefficient based on Spearman correlation analysis.

Figure 2. Comparison of the relative risk increase (%) for all-cause, respiratory and cardiovascular mortality associated with a 10-μg/m3 increase in 
station-observed and model-estimated daily mean fine particulate matter (PM2.5) with different lags. a95% CI of the relative risk increase. bP-value was 
calculated using the multivariate meta-regression method to indicate the statistical differences in the pooled relative risk increases from station-observed 
and model-estimated daily fine particulate matter (PM2.5) data
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associations between daily PM2.5 exposure and mortality. 
The results indicated that short-term exposure to PM2.5 has 
consistent impacts on mortality, irrespective of the distinct 
PM2.5 exposure assessment sources. Our findings under-
scored the reliability and potential applicability of the global 
model-estimated PM2.5 product in health risk assessment.

The association between short-term exposure to PM2.5 and 
mortality has been extensively studied. A recent systematic 
review synthesized the evidence on the effects of short-term 
exposure to air pollutants on all-cause, cardiovascular and re-
spiratory mortality.25 The authors identified positive associa-
tions between PM2.5 and mortality, with RRIs of 0.65% 
(95% CI: 0.44 to 0.86) for all-cause deaths, 0.92% (95% CI: 
0.61 to 1.23) for cardiovascular deaths and 0.73% (95% CI: 
0.29 to 1.16) for respiratory deaths, respectively. Another 
study estimated short-term associations between daily PM2.5 

and mortality using data from 652 cities in the MCC net-
work.4 The results demonstrated RRIs of 0.68% (95% CI: 
0.59 to 0.77) in all-cause deaths, 0.55% (95% CI: 0.45 to 
0.66) in cardiovascular mortality and 0.74% (95% CI: 0.53 
to 0.95) in respiratory mortality. Consistently with these 
studies, our research revealed similar positive associations be-
tween short-term daily PM2.5 exposure and all-cause mortal-
ity, with RRIs of 0.67% (95% CI: 0.49 to 0.85) for station- 
observed PM2.5 and 0.87% (95% CI: 0.68 to 1.06) for 
model-estimated PM2.5.

Previous studies have examined the accuracy and reliability 
of model-estimated PM2.5 concentrations in mortality risk as-
sessment by comparing the effect estimates with observations 
from monitoring stations.12,13,26–29 For example, Di et al. 

evaluated the disparities of an artificial neural network PM2.5 

estimation model prediction in assessing the associations of 
both short-term and long-term PM2.5 exposure with all-cause 
mortality in older American adults by matching the data with 
the nearest air quality monitoring stations within 50 km.12,13

The comparative analyses yielded consistent conclusions for 
the use of model-estimated exposure data in mortality 
risk assessment.

However, differences in health risk estimations exist be-
tween station-observed and model-estimated PM2.5 exposure 
mainly due to exposure measurement errors. A recent review 
study revealed that measurement error could lead to an un-
derestimation of E–R associations for time-series studies, 
resulting from the negative bias introduced by time-activity 
and spatial errors.30 Feng et al. investigated the consequences 
of measurement errors in the associations between station- 
observed and model-estimated daily PM2.5 exposures and all- 
cause mortality in Medicare beneficiaries in the USA.14 They 
found an approximately 7% effect underestimation when us-
ing an ensemble machine-learning model-estimated PM2.5. 
He et al. compared the estimated associations between car-
diovascular admissions in New York and daily PM2.5 expo-
sures from five different exposure data sources.6 The results 
showed that, despite consistently positive associations, the 
health impact assessments in different exposure models 
exhibited considerable disparities, with the highest E–R esti-
mates originating from monitoring stations. Jerrett et al. also 
found that remote sensing data demonstrated notable associ-
ations between PM2.5 and mortality, whereas the E–R esti-
mates derived from ground-based data were generally higher 

Figure 3. Comparison of the relative risk increase (%) for mortality associated with a 10-μg/m3 increase in station-observed and model-estimated daily 
mean fine particulate matter (PM2.5) by country. a� indicates that the CIs of the relative risk increase do not encompass zero, suggesting that the fine 
particulate matter (PM2.5) exposure is positively or negatively associated with an increased risk of mortality

International Journal of Epidemiology, 2024, Vol. 53, No. 3                                                                                                                                              5 



than those from remote sensing alone.15 In our study, we ob-
served slightly higher E–R estimates, especially for cardiovas-
cular mortality in model estimations, compared with those 
from monitoring stations. Various factors could account for 
these elevated effect estimates. First, the comparison of the 
overall E–R estimates could be influenced by the location of 
the monitoring stations in certain countries. For example, 
consistently with previous study,4 we observed an RRI of 
1.17% for the model-estimated data in the USA, which was 
double that for monitoring stations (0.86%). Given the high 
proportion of monitoring stations in the USA (with 206 out 
of 347 MCC cities), the high RRI in the USA may contribute 
to a higher overall RRI for model-estimated PM2.5 exposure 
than the monitoring stations. In addition, we recognize that 
taking averages of grid cells in each monitoring station may 
introduce uncertainties in the model-estimated exposure, sub-
sequently influencing the RRI estimates in cities. Ground- 
based monitoring station data, especially within urban areas, 
usually exhibit higher spatiotemporal variations compared 
with the average of the model-estimated grid-based data.6

However, the discrepancies in overall and national E–R esti-
mates between station-observed and model-estimated expo-
sures in our study were not statistically different (P¼ 0.122).

In general, the disparities in health effect estimates from 
monitoring stations and model-estimated PM2.5 products 
originate from two primary components.6 One stems from 
the model prediction errors, whereas the other arises from 
variations attributed to spatial aggregation.6 Even though 
many air pollution modelling products have reported moder-
ate or satisfied consistency with monitoring station observa-
tions, model prediction errors may arise because of the 
inherent assumptions embedded in the models and the inade-
quate control of confounding variables. The modelling accu-
racy varies across different spatial regions. For example, high 
spatiotemporal variations in measurement errors may exist 
especially in regions with certain specific features or areas 
without monitoring stations. Feng et al. observed that 
the areas with high elevation in East North and West 
South-Central US regions suffered higher biases in the model- 
estimated E–R estimation.14 Many modelling studies—in-
cluding the one currently employed—have shown that the 
model uncertainties exhibited spatial and temporal varia-
tions, especially in areas with limited or no monitoring sta-
tions.9,31 Moreover, the distances between individuals and 
monitoring stations may also impact the accuracy of popula-
tion exposure estimations. Lee et al. compared the Kriging 
model with satellite-based estimations and found that the 
satellite-based model achieved more accurate population ex-
posure estimates for areas that were >100 km from monitor-
ing stations.32

On the other hand, exposure measurement disparities 
could be introduced due to spatial aggregation. In this regard, 
He et al. found a huge difference in health effect estimates by 
comparing the E–R associations from four PM2.5 estimation 
products with distinct spatial resolutions.6 Kelly et al. con-
cluded that finer-scale models would have high variations by 
comparing nine PM2.5 exposure models.33 Bai et al. found 
that spatial resolution greatly influenced the model-estimated 
PM2.5 concentrations, with an overestimation of PM2.5 oc-
curring with coarser resolutions.34 Wei et al. posited that 
PM2.5 products estimated by models with finer spatial resolu-
tion are likely to yield reduced bias in assessing mortality 
risk.35 However, further research is required to explore how 

spatial aggregation from different spatial resolutions impacts 
the estimates of the E–R association.

Numerous studies have reported distinct air pollution 
health effects in different countries, cities, and urban–rural 
regions.4,6,14 In accordance with previous studies,4,21 our 
findings show that the estimated national-level pooled E–R 
associations varied across countries. The observed disparities 
may be potentially explained by factors such as varied popu-
lation susceptibility, socio-economic disparities, and the 
availability and quality of collected data. Additionally, it is 
essential to recognize that the data from the monitoring sta-
tions might not capture the complete spectrum of PM2.5 con-
centrations across nations. However, the analyses based on 
data from 1710 monitoring stations in 347 MCC cities 
revealed that the effect estimates from both station-observed 
and model-estimated PM2.5 exhibited consistent directions, 
suggesting marked reliability of our model-estimated PM2.5 

product in E–R assessments across the studied countries.
This study has several limitations. First, our comparative 

analysis is based on the city level and the pooled country- 
level effect estimates cannot be directly compared with each 
other due to the uneven distribution of included cities. The 
pooled country-level effect estimations also cannot fully rep-
resent the air pollution mortality risks across the entire coun-
try, given that the monitoring stations are predominantly 
located in urban environments. Similarly, the city-level expo-
sure cannot completely represent the population exposure in 
the whole city due to the limited number of monitoring sta-
tions in cities. Additionally, we should caution that the E–R 
estimates were based on monitoring station data rather than 
actual personal exposures. The exposure misclassifications 
may impact the effect estimates due to population mobility 
and individual proactive protective behaviours against air 
pollution. However, our primary aim in this study is to assess 
the accuracy and reliability of the global PM2.5 product in 
health risk estimates. This trade-off is worthwhile consider-
ing the great potential of deploying the global PM2.5 product.

In conclusion, this study represents the first multi-country 
analysis to estimate the mortality effect of short-term PM2.5 

exposure from both station-observed and model-estimated 
daily PM2.5 from 347 cities across 15 countries worldwide. 
We observed consistently positive adverse health effects of 
short-term PM2.5 on deaths, regardless of whether the expo-
sure assessment was derived from monitoring stations or the 
model-estimated global product. Consequently, these find-
ings provide crucial evidence to support the reliability of the 
proposed high-resolution global daily PM2.5 product for mor-
tality risk assessment.

Notes
The Multi-City Multi-Country collaborative research net-
work (MCC): Shilu Tong (National Institute of 
Environmental Health, Chinese Center for Disease Control 
and Prevention, Beijing, China; School of Public Health and 
Social Work, Queensland University of Technology, 
Brisbane, Australia), Mathilde Pascal (Sant�e Publique France, 
Department of Environmental and Occupational Health, 
French National Public Health Agency, Saint Maurice, 
France), Susana das Neves Pereira da Silva (Department of 
Epidemiology, Instituto Nacional de Sa�ude Dr Ricardo Jorge, 
Lisboa, Portugal), Aurelio Tobias [Institute of Environmental 
Assessment and Water Research (IDAEA), Spanish Council 
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for Scientific Research (CSIC), Barcelona, Spain], Carmen 
�I~niguez (Department of Statistics and Computational 
Research. Universitat de Val�encia, Val�encia, Spain; 
CIBERESP, Madrid. Spain), Shih-Chun Pan (National 
Institute of Environmental Health Science, National Health 
Research Institutes, Zhunan, Taiwan), Ale�s Urban (Institute 
of Atmospheric Physics, Academy of Sciences of the Czech 
Republic, Prague, Czech Republic), Jouni J.K. Jaakkola 
[Center for Environmental and Respiratory Health Research 
(CERH), University of Oulu, Oulu, Finland; Medical 
Research Center Oulu, Oulu University Hospital and 
University of Oulu, Oulu, Finland], Niilo Ryti [Center for 
Environmental and Respiratory Health Research (CERH), 
University of Oulu, Oulu, Finland; Medical Research Center 
Oulu, Oulu University Hospital and University of Oulu, 
Oulu, Finland], Caroline Ameling [National Institute for 
Public Health and the Environment (RIVM), Centre for 
Sustainability and Environmental Health, Bilthoven, 
Netherlands], Danny Houthuijs [National Institute for Public 
Health and the Environment (RIVM), Centre for 
Sustainability and Environmental Health, Bilthoven, 
Netherlands], Shilpa Rao (Norwegian institute of Public 
Health, Oslo, Norway), Bertil Forsberg (Department of 
Public Health and Clinical Medicine, Umeå University, 
Sweden), Matteo Scortichini (Department of Epidemiology, 
Lazio Regional Health Service, Rome, Italy), Massimo 
Stafoggia (Department of Epidemiology, Lazio Regional 
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Hygiene & Tropical Medicine, London, UK).
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