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Air pollution has been shown to significantly impact human health including cancer.

o . has been associated with smoking and occupational exposures. However, the associa-
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ciation between residential exposure to fine particles (PM,s), nitrogen dioxide (NO,),
black carbon (BC) and ozone in the warm season (Os,,) with gastric and UADT cancer.
We applied Cox proportional hazards models adjusting for potential confounders at the
individual and area-level. During 5,305,133 and 5,434,843 person-years, 872 gastric and
1139 UADT incident cancer cases were observed, respectively. For gastric cancer, we
found no association with PM, 5, NO, and BC while for UADT the hazard ratios (95%
confidence interval) were 1.15 (95% Cl: 1.00-1.33) per 5 pg/m? increase in PM, s, 1.19
(1.08-1.30) per 10 pg/m® increase in NO,, 1.14 (1.04-1.26) per 0.5 x 10> m~!
increase in BC and 0.81 (0.72-0.92) per 10 pg/m?® increase in Os,,. We found no associ-

ation between long-term ambient air pollution exposure and incidence of gastric cancer,
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cer was observed.
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1 | INTRODUCTION

Exposure to long-term ambient air pollution has been shown to increase
the risk of mortality, cardiometabolic diseases and cancer.® The public
health recommendations regarding cancer are dominated by the existing
evidence on lung cancer.? Gastric cancer is an important cause of cancer
mortality contributing to 8% of all cancer-related deaths in 2020.% Upper
aerodigestive tract (UADT) cancers are located in the tongue, mouth,
pharynx, larynx and esophagus, which share smoking as a main risk fac-
tors.* To date, there is limited evidence regarding the association
between air pollution and the incidence of gastric and UADT cancers,
though for lung cancer there is strong evidence for an association. Com-
mon risk factors for gastric and UADT cancers are smoking and alcohol
consumption. Other risk factors for gastric cancers are helicobacter pylori
infection, excess weight and diet high in salt and meat and low in fruit
and vegetables.* Indirect indication for an association of airborne pollut-
ants with gastric and UADT cancer comes from occupational and indus-
trial settings.>® Further indication for an association of PM, s with gastric
and UADT cancer comes from wildfire exposure in Brazil.” Pritchett
et al® summarized the results for an association between outdoor partic-
ulate matter (PM) air pollution and the risk of gastrointestinal cancers.
They found, that most previous studies were on stomach cancer mortal-
ity>?~12 and two studies from the ESCAPE project on gastric cancer inci-
dence.®>'* Overall, Pritchett et al saw no evidence for an association
between PM and stomach cancer as well as esophageal risk.? However,
there are only a few epidemiological studies to date.

Furthermore, most previous studies on long-term air pollution
were performed in settings (industrial, urban) with high exposure
levels. The aim of the Effects of Low-Level Air Pollution: A Study in
Europe (ELAPSE) project'® was to investigate low exposure levels as
defined as less than the current European Union (EU) Limit Values
and/or World Health Organization (WHO) 2005 year Air Quality
Guideline values for PM, 5, NO, and O3.2° To investigate the associa-
tions of ambient air pollution with gastric and UADT cancer incidence
in the general population, we conducted analyses in a large pooled
cohort within the ELAPSE project.
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while for long-term exposure to PM, 5, NO, and BC increased incidence of UADT can-

air pollution, gastric cancer, nitrogen dioxide, ozone, particular matter, UADT

Exposure to long-term ambient air pollution increases mortality and cancer incidence. However,
most evidence exists for high exposure levels and lung cancer. In this large European study
focusing on air pollution levels even below current EU standards, long-term exposure to fine
particles, nitrogen dioxide and black carbon increased the incidence of upper aerodigestive tract
cancers, while no association was found with gastric cancer. These results indicate that ambient
air pollution may increase the risk of upper aerodigestive tract cancers, and support the need
for aligning current EU air pollution levels with the new WHO Air Quality Guidelines.

2 | MATERIALS AND METHODS

21 | Study population

The study is based on data from 10 European subcohorts from five
countries pooled within the Effects of Low-Level Air Pollution: A Study
in Europe' (ELAPSE) project, which has been described in detail else-
where.® For the current analyses, we selected subcohorts with at least
10 gastric or UADT cancer cases, respectively. We therefore included
the following European subcohorts in the analyses of UADT cancer:
Sweden (Cardiovascular Effects of Air Pollution and Noise in Stockholm
[CEANS], comprising the following four subcohorts: Swedish National
Study on Aging and Care in Kungsholmen [SNAC-K],*¢ Stockholm

1,Y Stockholm 60 years

Screening Across the Lifespan Twin study [SALT
old study [Sixty],*® and Stockholm Diabetes Prevention Program
[SDPP])'?; Denmark (Diet, Cancer and Health cohort [DCH]?° and 1993
subcohort of the Danish Nurse Cohort [DNC]?Y); the Netherlands
(Dutch European Investigation into Cancer and Nutrition [EPIC-NL]
consisting of EPIC-Monitoring Project on Risk Factors and Chronic
Diseases in the Netherlands [EPIC-MORGEN] and [EPIC-Prospect])®%;
France (Etude Epidémiologique auprés de femmes de la Mutuelle
Générale de I'Education Nationale [E3N])?® and Austria (Vorarlberg
Health Monitoring and Prevention Programme [VHMG&PP]).2* The
subcohorts and the covariates have been described in detail
previously.?®> For gastric cancer we excluded CEANS-SDPP (3 cases of
gastric cancer) and CEANS-SNACK (6 cases) resulting in 8 subcohorts
for the analysis in the analyses of cancer gastric cancer and 10
subcohorts for the analyses of UADT.

2.2 | Airpollution exposure assessment

The methods to estimate the exposure to air pollution within ELAPSE
has been described comprehensively elsewhere.?® In brief, annual
mean concentrations of PM,s, NO,, BC and warm season ozone

(O3) for 2010 were estimated at the baseline residential addresses of
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all individuals in the subcohorts using hybrid land-use regression
(LUR) models based on monitoring data for PM,s, NO, and O3,%¢
offering a wide range of potential predictors including satellite-
derived estimates, chemical transport model estimates, land-use, road
and population density data. The modelling of PM, 5, NO, and O3,
exposures was based on the European Environmental Agency AirBase
routine monitoring data?® whereas the modelling of BC used ESCAPE
monitoring data?” to develop and evaluate models.?® The LUR models
performed well in fivefold hold-out validation, explaining 66%, 58%,
51% and 60% of the measured spatial variation for PM, 5, NO,, BC
and Og,,, respectively.?®

The exposure models were applied to create 100 x 100 m grids
of the predicted air pollution concentrations covering the entire study
area. Exposure to air pollution was assigned to participants' baseline
residential addresses.

A back-extrapolation of the air pollution concentrations was
applied for the subset of subcohorts with available residential address
history. We used two different back-extrapolation methods: (a) ratio
and (b) difference. The detailed methods can be found in previous
publications.>2® Briefly, we used the air pollution estimated by the
Danish Eulerian Hemispheric Model (DEHM) to extrapolate each indi-
vidual's annual air pollution level by applying the ratio or difference
between the annual averages of each year of follow-up and the year
2010. DEHM provides monthly mean concentration estimates at
26 km x 26 km spatial resolution across Europe back to at least 1990.
Time-varying annual levels were calculated using the two different

back-extrapolation methods incorporating residential history.

2.3 | Outcome definition

Gastric and UADT cancers were mainly identified in high-quality
national or local cancer registries, one exception was E3N, in which
self-reports from biannual questionnaires or death certificates were
used and verified through pathological reports. All were following con-
sistently the international approach of cancer registration and using
the International Statistical Classification of Diseases and Related
Health Problems, 9th and 10th revision [ICD9 and ICD10]: for gastric
cancer C16 [ICD10] and 151 [ICD9], and for UADT cancers: C01-06
and 141-145 (oral cavity), C09, C10 (oropharynx), C12, C13
(hypo-pharynx) and 146 (pharynx), C14, C32 and 161 (larynx), C15 and
150 (esophagus). The analyses focused on primary cancer and also only
first cancer. Any prevalent cancers at baseline were excluded (except

non-melanoma skin cancers).

24 | Statistical analysis

We applied Cox proportional hazard models with age as the timescale
to analyze the associations between air pollution and cancer out-
comes with increasing control for individual-covariates and one area-
level covariate (mean income at neighborhood or municipality level).

Censoring occurred at time of first occurrence of any cancer other

than the cancer of interest, date of death, emigration, loss to follow-
up or at the end of follow-up, whichever came first. A priori we speci-
fied three confounder models: Model 1 included only age (time axis),
sex (as strata), cohort (as strata) and calendar year(s) of enrollment.
Model 2 added individual-level variables that were consistently avail-
able in the subcohorts contributing to the pooled cohort: smoking sta-
tus (never/former/current), smoking intensity (linear and squared) and
smoking duration (continuously in years); marital status (single/mar-
ried or living with partner/divorced or separated/widowed) and
employment status (yes/no). Model 3 added to the model 2 mean
income at neighborhood or municipality level. A priori model 3 was
selected as the main model. Only subjects with complete information
for model 3 variables were included in the analyses.

We investigated exposure-response functions by applying natural
splines with three degrees of freedom, as a flexible method allowing
multiple shapes in different parts of the exposure distribution.?’

In addition, several sensitivity analyses were performed. First, we
performed two pollutant models, adjusting pollutants mutually for
each other. Some of the pollutants were highly correlated (>0.7) and
the respective associations were labelled in the results. Second, we
explored alternative exposures by back-extrapolation to the baseline
year concentrations and time-varying air pollution exposure extrapo-
lated based on the address history from enrolment to the end of
follow-up. Third, models adjusting for additional potential con-
founders including variables for smoking status and intensity, environ-
mental tobacco smoke (ETS) and dietary variables (alcohol, fruit,
vegetable and meat consumption) were calculated in subsets of the
pooled cohort. Fourth, we investigated the change in association by
excluding one cohort at a time from the analysis.

Analyses were performed in R (version 3.4.0; R Development
Core Team), using the packages survival (version: 2.42-3), coxme (ver-
sion: 2.2-10), Matrix (version: 1.2-14), foreach (version: 1.4.4), glmnet
(version: 2.0-16), multcomp (version: 1.4-8), survey (version: 3.33-2),
splines (version: 3.4.0), Hmisc (version: 4.1-1), mfp (version: 1.5.2),
VIM (version: 4.7.0), ggplot2 (version: 2.2.1), MASS (version: 7.3-50)
and rms (version: 5.1-2).

3 | RESULTS

Out of 343,625 for the UADT cancer and 333,525 participants for the
gastric analyses we excluded 13,374 individuals due to missing expo-
sures (13,364 for gastric cancer), 42,968 individuals with missing
values in individual covariates (42,700 for gastric cancer). And 3251
(3249 for gastric cancer) due to missing values for neighborhood
mean income, leaving a total of 287,576 participants in the gastric
cancer and 297,406 participants in the UADT cancer analysis, with a
mean follow-up of 185 and of 18.3 years respectively. During
5,305,133 and 5,434,843 person-years, 872 gastric and 1139 UADT
incident cancer cases were observed (Table 1). Enrollment year and
end of follow-up varied between 6.9 and 21 years by subcohorts,
ranging from 1985 to 2005 for the enrollment year, and 2011 to
2015 for end of follow-up. The mean age at baseline was 48.3
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FIGURE 1 Exposure to PM, 5, NO,, BC and O3 at the warm period at participant address per subcohort for the final data included in model
3 (N = 287,576) green = 2021 WHO guidelines 5 and 10 pug/m* PM, s and NO,, respectively, red = 2005 WHO guidelines 10 and 40 pg/m®
PM, 5 and NO,, respectively, and EU ambient air quality limit values, 25 and 40 ug/m® PM, s and NO,, respectively.

TABLE 2 Cox model estimates for the association between air pollution and risk of gastric and UADT cancer.

Model 1 using the

Model 1° model 3 final data Model 2° Model 3¢
HR (95% Cl) HR (95% Cl) HR (95% Cl) HR (95% Cl)
Gastric cancer (N) 333,525 287,576 287,576 287,576

PM, s (5 ug/m°)
NO, (10 ug/m°)
BC (0.5 x 10 °m™Y)
Oy, (10 pg/m?)
UADT cancer (N)
PM, 5 (5 pg/m°)
NO, (10 pg/m°)
BC(0.5x 10 °m™Y
Oay (10 pg/m®)

0.99 (0.87-1.14)
1.00 (0.90-1.11)
0.99 (0.89-1.11)
1.02 (0.88-1.17)
343,625

1.16 (1.02-1.33)
1.24 (1.14-1.36)
1.22(1.11-1.33)
0.73(0.65-0.81)

0.97 (0.84-1.12)
0.98 (0.87-1.09)
0.97 (0.87-1.09)
1.03 (0.88-1.20)
297,406

1.24 (1.07-1.44
1.29(1.18-141
1.24(1.13-1.37

)
)
)
0.71(0.63-0.79)

Abbreviations: Cl, confidence interval; HR, hazard ratio; Os,,, Ozone in the warm season.
2Adjusted for study (strata), sex (strata), age, calendar year of enrolment.
bModel 1, further adjusted for individual-level covariates: smoking (status, duration, intensity, intensityz), marital status and employment status.

“Model 2, further adjusted for area-level covariate 2001: mean income at the neighbourhood level.

0.97 (0.83-1.12)
0.96 (0.86-1.07)
0.95 (0.85-1.07)
1.06 (0.90-1.23)
297,406

1.15(1.00-1.33)
1.18 (1.08-1.30)
1.14 (1.04-1.25)
0.81(0.72-0.91)

0.98 (0.85-1.14)
0.98 (0.88-1.10)
0.98 (0.87-1.10)
1.04 (0.89-1.22)
297,406

1.15(1.00-1.33)
1.19 (1.08-1.30)
1.14 (1.04-1.2¢6)
0.81(0.72-0.91)
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FIGURE 2 (A) Concentration response (A) Natural spline (PMp5, 3 df)
functions for the association between long- o
term air pollution exposure and gastric cancer, ~
using natural splines with three degrees of
freedom in the main analysis model.
(B) Concentration response functions for the 2 2
. 4. . . o o
association between long-term air pollution T T
exposure and UADT cancer, using natural 8 B
splines with three degrees of freedom in the
main analysis model.
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+ 13.6 years and 48.1 + 13.5 years, respectively. Most participants
were female, (65% and 66%, respectively), with three subcohorts

including only females (DNH, E3N, EPIC-NL Prospect). The prevalence

of current smokers was 24% in both study samples. DCH (21.9%) and
VHMG&PP (49.6%) were the subcohorts contributing most to the study
population.
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The distribution of the air pollutants by subcohort is presented
in Figure 1. Overall, the median levels were 15.5 ug/m® for PM,s,
24.1 ug/m? for NO,, 1.6 x 107> m~?* for BC and 87.5 pg/m® for Og,
(Table S1). Exposure ranges show a North to South gradient with lower
concentrations in the North for PM2.5 and BC and to a lesser extent for
NO, and Os,,. Exposure to PM, s and NO, was generally below annual
limit values (PM,s: 25 pg/m® NO,: 40 pg/m?) of the European Air
Quiality Directive (EU-AAQD) for most of the cohorts, but generally
above current WHO guidelines for PM, 5 (5 pg/m°) and NO, (10 pg/md).

The correlation (Spearman correlation coefficient) was strongest
between BC and PM, 5 (0.76 and 0.78 for the gastric and UADT can-
cer study, respectively), followed by BC and NO, (0.63 and 0.64).
PM, 5 was moderately correlated with NO, (0.47 and 0.48), while Os,,
was negatively correlated with all other pollutants (Table $2) and more
strongly with NO, (—0.64 and —0.59).

For gastric cancer we found no association with long-term expo-
sure to PM,s5, NO,, BC or Os,, in any of the adjustment models
(Table 2). In the main model, the HRs were 0.98 (95% Cl: 0.85-1.14)
per 5pug/m® increase in PM,s, 0.98 (95% Cl: 0.88-1.10) per
10 pg/m3increase in NO,, 0.98 (0.87-1.10) per 0.5 x 10> m™?
increase in BC and 1.04 (0.89-1.22) per 10 ug/m?® increase in Ogy,.

For UADT cancer, long-term exposure to PM, 5, NO, and BC was
associated with UADT in the main model (model 3). The HRs were
1.15 (95% Cl: 1.00-1.33) per 5 ug/m? increase in PM,s, 1.19 (95%
Cl: 1.08-1.30) per 10 pg/m® increase in NO,, 1.14 (1.04-1.26) per
0.5 10> m~! increase in BC and 0.81 (0.72-0.92) per 10 pg/m>
increase in Os,,. Cancer incidence in the basic model (model1) HRs
were 1.16 (95% Cl: 1.02-1.33) per 5 ug/m? increase in PM,s, 1.24
(95% Cl: 1.14-1.36) per 10 pg/mincrease in NO,, 1.22 (1.11-1.33)
per 0.5 107> m~! increase in BC and 0.73 (0.65-0.81) per 10 ug/m?®
increase in Os,,. Adjustment for smoking variables (model 2) and area-
level SES in model 3 attenuated the associations (Table 2).

The natural cubic splines indicated deviations from linearity in the
association between air pollution and gastric cancer (Figure 2A) and
UADT cancer (Figure 2B), although at the ends of the distribution.
The interpretation of the curve is limited due to the lack of data and
associated statistical power. However, in the central area with the
majority of the data, the curve for PM, s and BC indicated linearity
with a trend for attenuation at higher concentrations. For NO, linear-
ity in the central area was observed with a potential attenuation in
the lower and upper regions. A similar pattern but in the opposite
direction was observed for Os,,.

The two pollutant models (Table S3) showed similar patterns for
gastric and UADT cancers. The HRs for NO, and BC persisted after
adjusting for PM, 5 and were slightly attenuated after adjustment for
O3y The HR estimates for PM, 5 were attenuated in all two pollutant
models. The negative association between Os,, and UADT incidence
slightly increased after adjustment for NO, or BC and remained stable
after adjustment for PM, s.

The sensitivity analyses showed similar results to the main
findings. Results for PM,5, NO,, BC and Os,, exposures back-
extrapolated to baseline years are shown in the supplemental material
(Table S4 for gastric and UADT cancer). The models including

different sets of covariates including smoking duration/intensity/ETS
and dietary factors revealed similar estimates for the association
between air pollutants and gastric (Table S5a) as well as UADT cancer
(Table S5b). Furthermore, time-varying analyses resulted (Table Sé) in
similar estimates for both cancers. Analyses by smoking status sug-
gested no effect modification (Table S7).

Dropping one cohort at time revealed similar results to the pooled
cohort's analysis for gastric cancer (Figure S1A). However, UADT can-
cer analyses estimates were sensitive to the exclusion of DCH

(Figure S1B), leading to no associations for all air pollutants.

4 | DISCUSSION

Using data of 297,406 participants from five European countries for
the UADT analyses we found long-term exposure to PM, 5, NO, and
BC to be associated with UADT cancer incidence, while O3,, was
inversely associated. The concentration-response curves appeared
mostly linear for all three pollutants in low-middle concentration. For
gastric cancer, we observed no association between air pollution and
gastric cancer incidence.

Our finding of increased incidence of UADT cancer for PM, s,
NO, and BC long-term exposure is consistent with previous reports
on airborne risk factors from occupation®® indoor air pollution from
solid fuel combustion,®° and smoking.? In addition, there is evidence
that NO, and PM, 5 are associated with respiratory health in children

and adults,®?

which may contribute to cancer risk due to chronic
inflammation.>® Long-term exposure to PM, s from wildfires in Brazil
showed increased mortality from cancers of the nasopharynx, esopha-
gus and stomach.” In this large European study focusing on low level
air pollution levels even below current EU standards, the long-term
exposure to air pollution increased the incidence of UADT, but no
association was found for gastric cancer. Note however, that remains
above the recently up-dated WHO air quality guidelines (eg, 10 ug/m®
for NO, and 5 pg/m® PM, 5).3*

Our observation of no association between long-term air pollu-
tion and gastric cancer incidence contrasts to some previous stud-
ies.2>1% A recent meta-analysis on gastrointestinal cancers revealed
that most previous studies were on mortality® with few exceptions
including the studies within the ESCAPE project.*®>'* Overall, in the
meta-analysis for gastric cancer, no association was found.® However,
in the ELAPSE study, we found no association with gastric cancer risk,
while in the analyses of the ESCAPE cohort exposure to PM, s
increased gastric cancer incidence by 38%,'° although, the confidence
intervals from both studies overlap. The literature on gastric cancer
showed mixed results.® The differences between ESCAPE and
ELAPSE in effect estimates could be explained by including somewhat
different subcohorts and longer follow-up in the ELAPSE project.?%3°
The HRs and confidence interval of the main components overlap
widely between ESCAPE and ELAPSE whereas the confidence inter-
vals are considerably smaller in the ELAPSE results. The Europe-wide
exposure model increased the number of study-specific participants

for three subcohorts because larger areas were covered (DCH, E3N
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and VHMG&PP). Finally, the exposure models in ELAPSE were refined
by developing Europe-wide models using Airbase data and a wider
range of predictors.>®

Environmental exposures contribute to the development of dis-
eases by various multiple mechanisms such as oxidative stress and
inflammation, genetic and epigenetic alterations, altered intracellular
and microbiome interaction and impaired nervous system.>¢ Of these
several potential biological mechanisms for an association between
environmental factors and gastric cancer have been hypothesized.®”
A recent comprehensive overview revealed that air pollution exposure
is associated with metabolic pathways primarily related to oxidative
stress, inflammation and steroid metabolism.*® General mechanisms
of carcinogenicity for PM-related cancers include DNA damage due
to oxidative stress and inflammation that promotes tumor growth.®
These pathways were also found to play a role in the association
between long-term ambient air pollution and UADT.2%? Regarding
NO,, most evidence for different outcomes including mortality comes
from epidemiological studies.*® While the US Environmental Protec-
tion Agency review on NO, reports findings of an increase in markers
of inflammation and oxidative stress in human plasma,** experimental
studies are still very few and evidence therefrom remains limited.

In the gastrointestinal tract, air pollution may simultaneously
impact gastrointestinal and lung health because there is evidence that
the gut and lungs can communicate and influence each other via con-
nected blood circulation and lymphatic system.*>*3 This suggests, that
the exchange of immune cells, cytokines, chemokines and microbial
metabolites between organs may affect health.** Besides the muco-
ciliary transport in the upper respiratory tract inhaled pollutants could
be forwarded to the gastrointestinal tract including parts of the
UADT.* In addition, exposure to air pollution has been shown to alter
the composition and diversity of gut microbiota.** It could be specu-
lated whether long-term air pollution may be associated with alter-
ations in the richness and diversity of human gut microbiota, which
may affect immune function.**

A possible reason for the inverse association for Os,, could be the
small exposure contrast for Og,, in our study regions with most of
the estimated concentrations ranging between 70 and 80 pg/m3, in

346 and

contrast to studies in Canada where ranges of 32 to 128 pg/m
in the United States where 60 to 120 pg/m® were observed. Indeed
analyses of other outcomes in the ELAPSE pooled cohort showed also
inverse associations for Os,, similar to our results.?> Another reason
might be confounding from inversely correlated other pollutants,
which are positively associated with cancer.

A strength of this study is the pooling approach of European sub-
cohorts with detailed individual and area-level covariates information
such as smoking and indicators of socioeconomic status. The data
were harmonized, and Europe-wide air pollution exposure models
were developed centrally. Pooling of the subcohorts increased statisti-
cal power and facilitated the analysis of less frequent cancer sites.
Compared to ESCAPE, the Europe-wide exposure models were
improved by incorporating outputs from chemical transport models
and satellite data.?®3> We performed several sensitivity analyses to

limit residual confounding, including variables for smoking (smoking
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status, smoking intensity and smoking duration) and diet (fruit and
vegetables, meat). The comparison between the entire study popula-
tion in model 1 and the sample with set of covariables in model
3 revealed little indication for selection bias. In addition, the quality of
the outcome data is based on high-quality European cancer registries
following international rules and nomenclature.*” =4’

The following limitations have to be kept in mind when interpreting
our findings. The exposure assessment is based on measurements per-
formed in 2010 whereas most of the included subcohorts started in the
mid-1990s. However, studies of NO, showed that the spatial contrast
of air pollution remained stable over the past decades.”’®~>? In addition,
our study's analyses of back-extrapolated exposures revealed robust
associations for PM, 5, NO,, BC and Og,,. Another limitation is the resi-
dential mobility was only available during follow-up and information on
lifestyle factors was only for baseline. Our exposure are partly highly
correlated and therefore we cannot disentangle the respective effect.
Thus, the observed effects may rather reflect certain air pollution mix-
tures related to pollution sources for example traffic.>® Furthermore, we
cannot rule out that residual confounding due to missing information
on potential covariables of interest such as occupational exposures may
have affected the association. However, we were able to adjust for
smoking and for indicators of socioeconomic status.

In conclusion, this study showed an indication of that long-term
exposure to PM, 5, NO, and BC at levels well below current EU air pol-
lution limit values could increase UADT cancer incidence, but we found
no association between any of the pollutants and gastric cancer. These
support the need to aligning the current EU air pollution values fully
with the new WHO Air Quality Guidelines published in 2021.
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