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Abstract

: Air pollution is a recognized contributor to various adverse health
outcomes, including cancer. This study systematically reviews the association
between air pollution exposure and the risk of gastric cancer.

. A systematic review was conducted in accordance with
PRISMA guidelines. Articles published up to October 2024 were retrieved from
Web of Science, PubMed, Scopus, and other databases. The search strategy included
keywords such as "air pollution," "particulate matter,” "PM2.5," "PM10," "dust,"
and "coarse particles,” combined with "gastric cancer" and "gastric neoplasm.”
Inclusion criteria focused on cohort studies examining the relationship between air
pollution exposure (e.g., PM2.5, PM10) and gastric cancer risk. Exclusion criteria
comprised animal studies and non-English publications.

: From an initial pool of 1,693 records, eight studies were included, covering
diverse geographic regions, including Europe, Asia, and the United States.
Associations between PM2.5 exposure and gastric cancer risk varied, with hazard
ratios (HR) ranging from 0.97 (95% CI: 0.82-1.15) to 1.98 (95% CI: 1.30-3.01). A
stronger positive association was observed in men, possibly due to greater
occupational and lifestyle-related exposure. Overall, exposure to particulate matter
was significantly associated with an increased risk of gastric cancer (HR = 1.38;
95% CI: 0.99-1.92), with men exhibiting a higher risk (HR = 1.98; 95% CI: 1.30—
3.01). Regional differences in study outcomes underscored the heterogeneity of air
pollution’s health impacts.

: Emerging evidence from this systematic review identifies air pollution,
and specifically PM2.5, as a modifiable environmental risk factor for gastric cancer.
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Introduction

Air pollution is a significant global health
concern, with extensive research linking it to various
adverse health outcomes. The Global Burden of
Disease study (2017) attributed approximately 4.9
million deaths globally to air pollution exposure,
with particulate matter (PM) responsible for 4.6
million of those fatalities. The International Agency
for Research on Cancer (IARC) classifies air
pollution as a Group 1 carcinogen, affirming its
carcinogenicity in humans. Among air pollutants,
fine particulate matter (PM2.5), defined as particles
with an aerodynamic diameter of less than 2.5
micrometers, has garnered particular attention.
Their small size allows these particles to remain
airborne for long periods, enabling them to carry
toxic substances, heavy metals, and microbial
pathogens.

These characteristics make PM2.5 a potent
genotoxic agent, capable of inducing oxidative
stress and inflammation, which are key mechanisms
in carcinogenesis, including DNA damage and
cellular dysfunction. Gastric cancer is a leading
cause of cancer-related mortality, accounting for 8%
of all cancer deaths globally in 2020. While
established risk factors such as smoking and alcohol
consumption are well-known, emerging evidence
suggests a potential link between air pollution and
gastrointestinal cancers, including gastric cancer.
However, findings from existing studies,
particularly those focusing on populations exposed
to wildfire smoke or occupational pollutants are
inconsistent. This systematic review aims to clarify
the association between air pollution, specifically
PM2.5, and the risk of gastric cancer.

Methodology

This systematic review followed the PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines to ensure a rigorous
and transparent process. The hypothesis posited that
increased exposure to air pollution, particularly
PM2.5, is associated with a higher risk of gastric
cancer. A comprehensive search was performed
across multiple databases, including Scopus,
PubMed/MEDLINE, Web of Science, Cochrane
Library, and ProQuest, covering studies published up
to October 15, 2024. Keywords were derived from
Medical Subject Headings (MeSH) and included
terms such as “air pollution,” “particulate matter,”
“PM2.5,” “gastric cancer,” and “gastric neoplasm.”
Only English-language studies involving human
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participants were included. Additionally, the
references of retrieved articles were manually
reviewed for further relevant studies.
Eligibility criteria were established using the
PICO framework:
e Participants: Human populations exposed to air
pollutants.
e Exposure: PM2.5.
e Comparison: Populations with lower or no
exposure.
e Qutcome: Gastric cancer incidence or mortality.
Cohort studies were prioritized, while studies
focusing on occupational exposures, non-English
publications, animal studies, conference abstracts,
and letters to the editor were excluded. Data
extraction followed a systematic protocol, including
information on study characteristics, population
demographics, pollutant concentrations, exposure
duration, study design, and reported outcomes.
Reference management was facilitated using
EndNote software, and inter-rater agreement was
assessed using Kendall’s coefficient of concordance.
Discrepancies were resolved through discussion or
consultation with a third reviewer.

Results

From an initial pool of 1,693 records, 40 full-
text articles were reviewed, and eight studies met
the inclusion criteria. These studies, conducted
in the United States, Europe, China, Taiwan, and
South Korea, primarily employed cohort designs
to investigate the association between long-term
exposure to PM2.5 and the risk of gastric cancer.
The findings were varied. Turner et al. (2017), in
a cohort of 623,048 participants in the United
States, found no significant association between
PM2.5 exposure and gastric cancer mortality
(HR = 1.00; 95% CI: 0.91-1.09). Similarly, Gu
et al. (2020) in Taiwan reported no significant
relationship (HR = 0.97; 95% CI: 0.82-1.15).
Conversely, Nagle et al. (2018) identified a
significant association among men (HR = 1.98;
95% CI: 1.30-3.01), suggesting potential
gender-specific susceptibility influenced by
biological, occupational, or lifestyle factors.
Similarly, Huang et al. (2022) in Taiwan (HR =
1.27; 95% ClI: 1.02-1.58) and Fan et al. (2023)
in China (RR = 1.028; 95% CI: 1.011-1.046)
reported positive associations. On the other
hand, Shin et al. (2022) in South Korea and a
European cohort study by Nagle et al. (2024) did
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not find significant associations. These
variations highlight the influence of geographic,
demographic, and methodological differences on
study outcomes.

Discussion

The biological mechanisms linking PM2.5
exposure to gastric cancer are not fully
understood but are believed to involve systemic
inflammation, oxidative stress, and genotoxicity.
PM2.5 particles can penetrate the respiratory
system, enter the bloodstream, and reach various
organs, where they activate inflammatory
pathways and generate reactive oxygen species
(ROS). These processes can cause DNA damage,
promote mutations, and impair apoptosis,
thereby fostering tumor development. Certain
components of PM2.5, such as heavy metals like
copper and iron, may intensify these effects by
catalyzing ROS production. The heterogeneity in
study findings may be attributed to differences in
exposure assessment methods, population
characteristics, and confounding factors such as
smoking, diet, and socioeconomic status. Most
studies estimated exposure based on geographic
proximity to air quality monitoring stations,
which may not accurately reflect individual-level
exposure, including time spent indoors or
occupational exposures. Additionally, regional
differences in pollutant composition could
further influence carcinogenic potential. Gender-
specific differences in gastric cancer risk, as
observed in some studies, may result from a
combination of biological, behavioral, and
occupational factors. For example, men are more
likely to smoke and work in industries with
higher pollutant exposure. Despite growing
evidence, several gaps persist. Few studies have
detailed cumulative lifetime exposure or
assessed indoor air pollution, which is
particularly relevant in low- and middle-income
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countries. Further research is needed to identify
specific carcinogenic components of PM2.5 and
explore their interactions with other pollutants.
These findings underscore the importance of
implementing stricter air quality regulations to
mitigate exposure to harmful pollutants.
Effective interventions include improved urban
planning, reduced vehicular emissions, and
cleaner energy sources. Additionally, enhancing
indoor air quality, particularly in settings where
biomass fuels are commonly used, is crucial.

Conclusion

This systematic review highlights mixed evidence
regarding the association between PM2.5 exposure
and gastric cancer risk, underscoring the complexity
of this relationship. While some studies suggest a
positive link, others report null findings, emphasizing
the need for more robust longitudinal research.
Policymakers should prioritize initiatives aimed at
reducing exposure to air pollution, especially among
high-risk populations. Future research should
concentrate on refining exposure assessment
methods, examining specific components of PM2.5,
and investigating gender and geographic variations in
risk. Comprehensive strategies that address both
outdoor and indoor air pollution are crucial for
mitigating the global cancer burden and improving
public health outcomes.

Acknowledgment

We extend our heartfelt appreciation and
gratitude to all esteemed colleagues whose
dedication and sincere collaboration in the data
collection process made substantial contributions to
this work.

Conflict of Interest: The authors declare no conflict
of interest regarding the publication of this
manuscript.

October 2025, Volume 32, Issue 4



R Jj:‘, Allda

190 4l toaxe b pw 4 Yl yhas g (3o ©1)3) 192 (53901 L agalge b3 ,1 (o)
..\Jw‘alb.t
\

U@ sy In &

S0 doo ¢ "o ooy )5 056 BT golicdgs puitdl MO DY 2 0n wres
gy (S pole olfails ablags saSiisly ciwedls a5 ,) 5 Cublogy hjeel 05,5 oMl slE5 ) cudlage (jgel HLdils L)
Ol ol
Sl g lg i (Kip pale olfisls cublogy caSiils clawse Cdlags 09,5 class Cublagy aisgel iils Y
Sl g lgi (K pole olSisls coiblagy 0uSiils e Cublags 09,5 oo Culilage a5 5ol il ¥
Ol lsres g (Si5 psle oSS clagome Colilagy 09,5 STy d Slocs lowy Dliios 35 50 ¥

VX1 [oF b oy )G VYo AND sl s fo b

[XTLEN

]

KV T PCOWr Ry XCUWEP IS

[CPe
lags b Sligios 35 50 1L
dae cailage 05; 95‘5)&
Olga ol (S pole olSasls

alosjl cialigee  cbloge lodaly b g cadaislits G 09,5 (sli0le o Jole (ylgicas Iga  Sogll:
oaze Gl pus 4 Sl Slas 5 lgn (Sogll b agzlse (e bLo | aiepllas pusy & anlllas ol sl Lad o 3l pos

RO PUETIN ol
LY-Y¥ .51 PubMed, Scopus, Web of Science Ll ,.ixe sledlol (glaelSyly 51 Yl - +AANTATOVAAA lﬁ‘
A H non H " " won " " n " a . doli %)
("Air pollution," "particulate matter," or "PM2.5," "PM10," or "dust,” or "coarse (slecjlga s ;I oslazul m_miri87@yahoo.com
o lxe s zl,5Wl MESH ol>Mas! L 5l particle™) AND ("Gastric cancer,” or "Gastric neoplasm™) :ORCID auwsliis

a il s b o bL3 ) PMI0 PM25 aiile lsa  SoglT b agrlge 0aiiS sy & y5055 Slalllas Jolis 34,4

el 5 5l led Jalos (51 555 (5l lama b el anllnn A ety lia VY les 5155y ome ol
b plxl PRISMA (sl Jasdljgiws 5l oolazwl b aosls

Ql.la)uAe)l:gl)laéuiﬁ}élﬁw;;tgub?ﬁ.wb ol ly Foliie gl Galises lalllas

0000-0002-9424-6487
:Js! oy 33 ORCID awsbicis

0000-0002-5989-9888
DOI:

10.30468/jsums.2025.7958.
3166

3 emS 5 Jdo 4 Wlg oo ol (I(HR =1.98; 95% CI: 1.30, 3.01) wisls (3,155 1) 3lae &l,3 b agalge 0 0nnse
Bl lsye 55 HaedS e YL 25 ke ( (S5 S glasglis 5 Lad Slelse o Sojslse Jelse
LLs | (HR=0.97; 95% CI: 0.82, 1.15) sl ¢ (HR =1.00; 95% CI: 0.91, 1.09) ouazcecs¥i! 4o 55 Slalllas

W0,55 )18 s o e
<(PM25) 55, Glee )3 055 don  SoglT b agzlge a5 oly olas aiepllss 5,0 anlllas oyl

s il sae Gl e & Ml s Wil e

o jlals

s e Sodl PM2.5
4.&}‘5.9 [-8) QUa)w ‘él’.o
b

Aodlo .Y
Sdbs s (Sogfl it Syl 3 5 o 0lss Lnngsy
a0 VY Jlo o aels glasdlae aslosls &)l Ll
7095 0 gk FA L I Sogfl o5 00ls Lt lags o oz

Ghd @ 0y90 Gl 7 Gl (pl 5l g b e ez el o
GUan,u u“‘)] (e (V) Sl odiodls s (PM) «_91""’
il e sizas 1, lon Sagll (IARC) oo o ol

Copyright © 2025 Sabzevar University of Medical Sciences. This work is licensed under a Creative Commons Attribution- Non Commercial 4.0
International license (https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work
is properly cited.

Published by Sabzevar University of Medical Sciences.

FYA-FAY o VE-F LT 5 0 oF 5L FY 5,90 o lgsom Sy psle olSils tghy — sale dloe
journal@medsab.ac.ir :asbbl, http://jsums.medsab.ac.ir :cols sl

VWVO-YAYY 5 S sl LLs


http://jsums.medsab.ac.ir/
mailto:journal@medsab.ac.ir
mailto:m_miri87@yahoo.com
https://jsums.medsab.ac.ir/article_1777.html
https://jsums.medsab.ac.ir/article_1777.html
https://orcid.org/0000-0002-5989-9888
https://orcid.org/0009-0003-0398-8552
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Faezeh+Karimi+Moghaddam&btnG=
https://scholar.google.com/citations?user=uRV6dbQAAAAJ&hl=id
https://pubmed.ncbi.nlm.nih.gov/?term=HAMID+JOVEINI
https://pubmed.ncbi.nlm.nih.gov/?term=Faezeh+Karimi+Moghaddam&ac=yes&cauthor_id=None&user_filter=&schema=none&page=1&whatsnew=None&show_snippets=on&sort=relevance&sort_order=desc&format=summary&size=10
0000-0002-6104-7983
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=afshin+dowlatabadi&btnG=
https://pubmed.ncbi.nlm.nih.gov/?term=Dowlatabadi+A&cauthor_id=37705571
https://pubmed.ncbi.nlm.nih.gov/?term=MOHAMMAD+MIRI
https://scholar.google.com/citations?hl=en&tzom=-210&user=Zx049B0AAAAJ&view_op=list_works
file:///D:/Sinaweb%201/JOURNALS/SABZEVAR/Pezeshki/1404/4/Page/میری/0000-0002-9424-6487

OLSed 9 (992 do>

allas oo b s S 5152 SoglT L gy o b odas
Sl (] g ol e 0an 905 " atapllss (5590
) oase by 59 Jlezml dgo 3o OIS mhaw l8l s
REX PR L]
aslllao o>,k —Y-)

ol 2 ol b 5 009 atapllss 53,0 £ 5] ol aslllas
(PRISMA) aispllss y5,0 alllae 25 555 (slos stz
Slalllas Sl ly z9,5 9 99,9 bl laiul .l ouiiplox]
9 57 yixe (S slaolSily 5l b po @lie o 5 e

208 o

PETTIWE S JCO P B ¢

oals oL iz 1o ral> (Gexins pol> (65950 aslllas o
Web of Science PubMed/MEDLINE Scopus el ,.ixe
pbxl Y-YF 28110 &6 b ProQuest 4 Cochrane Library
Slp 285 I cmypope (s Sjge SVl mlie
Sy Eyoge Sl obMhsl I (s (5N
0 ooliiwl ) paass gbeoslsals o(MeSH)

("Air pollution,” "particulate matter,” or "PM2.5,"
"PM10," or "dust,”" or "coarse particle") AND ("Gastric
cancer," or "Gastric neoplasm")

Ol b oo sl iy 5 Ol oS lalllas 4 gt
Pl Jais jsboay Simgsy 90 Lawsgs 9w a3 ol ogaome
FOtR
39,9 s lro -Y-Y

wszily o esliiul b ooy sl ol adlae
Participants, Exposure, Comparison, Outcome, and Study
g by dslie wpzlae £ BFouses s Jels Design
Egl 2 35505 agzlee 5 50 Wad G e ()b
s slagty) b e Gl @b 5l & 0 (aleoanY]
slobazme (GoSs wlio jl 09 (Koo 5 Ndg 0al (5T 03l
o balie W, late josins asw alio b s
5 0l oo ¥T b agalge a5 o081 5 atil agzlse (glaog,S
Oy pll slaog S g oane b j adlis S (s (rimen
oaxe Hlb s 4 Ml jlaz 5 Laoat VTG agzrlye (o bl G 285
g1 odne ol 59 Lo Jlaisjge (Lol aaly 098 ()

odna oy 31y Sl alaly 445 29058 Sl
O Bo a5 Sldlas (Jlope o wiod ol wisg aizlyy
(Jo e g slagrag wdls pelatsl Lid slaagzlge
EWlie sy 4wl ol slaolesT S o Slse> Slalllas

FAY

¥ o kol ¥V 5,90 NF-F UUT 9 340 )19 )4 pole ol il

) 5 sy (odl sl o o) 3 055

3 7S (el sl b b sles Sy (ogasay Glas S
a9 9 S5 leas ol [ 4 (PM25) jieg S V.0
25) g2 o gl sl (Vg b (lajione izran 5 15
b ailgs co d(ABl yustie 3, iz U el wiz 5l il (S
LS 5 foiie o Slgo dlaxil ooy olie | slos plS
i 1 Sy Sm L s 25T 5t et i
oz 9 2holbre Al Gl dse ool jf (S () as
Aol ( SuS 53935 ole Hlaicas PM2.5 Wgds co el a5 aii
O e glaplal o Sl S5 g gt
Sl STy 5l aS” gl ld opl poogdle (B ,F) ogb aizlis
3 Ysare g digdco 95 (s dmSlisd 5 8,5 auSliso
Bty Sle Olgieds 15 gy oo Jledas Blao I3 (ol (6132
als e (YY) o)) Kez g Han Lawgs slasdlae SloaisasLis
S rge «SenS 5355 Jule Sy lyeas wlgica NO; o
Osn 3 DNA G Jlie o JSis DNA slaais
2 (MN) l5635 Soe 3 il 38l g s slaslail ,o(DPC)
o 8les ;o Pl @ laanlp opl 0gd lyseinl sre sla Jolu
5 oo JS Mt 0, contis 5 o yrie DNA neil
O3 395 i Slalllas (B F) WS (o0 S 25 ) y9eg S
OJMSwSMLSGJMMLAdldeQMBL)QM")S)JSdL.A
(A=Y) Wilos S 5155 1, oS

by 3l (6 o9 0 oo Jolse | (o (lyreds e o s
4 by b L glaS e IS o Asgao Y0¥ o o
PR g J._»L» 2 s 6lal (Vo) Sl sy ol ags
ol g odme b lonl o S i Jdoe lgicas S 8 pae
(o Algds pized (V1) Canl ondionaline 898 ooyleS
OoleS olwd 5 0axe syl g lg ‘_ngo.A.:,{Y] o bl ey
9 (\Y) S o..\a]w\)d.: LS'&"A 9 L_A"‘“ C;‘Lﬁ,]a.&m )‘ L..\.Q.C (_,’_'lsjs
G 3l (Bop (B olSiws 5 oune by s PM25 (e LS
> S Sl Jolor 339 o ynn 55 31 ol
AOY) e od.ww)‘; ‘qsloo; Sy ‘) J.:))J

b g laglb o sbwl o daswe Jelge Coenl 4 a6 b
Ol yms 4 Sl s (21531 5 g (slmosiy¥T L dgzlge oy LL)|
il cpigy |y 0dse

99 93190 .Y




f E)Lo.{:: ARJ 5)5.5 NF-F obi 9 Re0 A)|5}.¢.~u )J pQ.LC OO KY

ozl Slalllas galos JolS” oyt Jiiws jsboay Siogh o
Sl eolaul b1y beools g gy |y Jalyis

Ko ,S 6)5To)f alapllal & g0 00yt i | G S
i s S SigS s swiis gl Sledl
@dllas plxl oo olicsl Jlo (ol sning ol aile galdS
Clle 5 by diged @2 (o) pyse Corex o S
Lls) g5 adlas b gg @pzlye loyoue dooasY]
LS‘LQOQL) k_,;ol.o.: AS Ao 90 U’oj) &J"‘ .bs.} kSlS CJL.: 9 o..\ww)‘;
Kgds odlal male Jlow (sl § Sl pmanio O jg0dy Las e

ol Y

00l oy Olalllao b SS9 -Y-)
SCopus oals sloolol o Hlddsre ael> (somies o
alds V7Y Ll Web of Science sPubMed/MEDLINE
5 obe owyp 9 6, OYlie Bds Ly wiad olulil
%909 slojkre Qb5 sl o5 e b dlae ¥ daosSr

999;9 Sl lxe 4 axg b wolawi (ol 18 S 18 w0090
A wLQ))\) 9 KWVw ALY )LS dlas YV ooy ooy 5 Q,...u )‘ CBP

ORVELY ) (O US8) ags 5 el ol o gl asllias

0RO oUo).w )]a’ 9 |5k ‘;0511 la 4.&9‘9‘0

aalllae 5l gy (333 (owlidhg; B oS (ole gy 5 ]
el ) e Slaily 4 8 Ve coprien Widh Cbis
R W] )y )».) JJ.)}} oD ?“"“"

Wools ‘5)91@.? -y-¥

ENdNOte 33l 5l comin s e 5 cooilobs (gl
ooty Slele | g o0 ageas IS 2l b ot ooliz (¥ aens)
on 4 s Siogh 90 (Jol al>ye 0 gl S 388
L yo o Wlgs b 45" _lalllas b 0z ls oo S 5 cypslic
sobas SYlis gl (6 5L ye (plil ey WS olulil | aiia
s b 0 o3, 0555 6o lxe ol 5 JolS

Skl g il aiie Bi L 09)5 sl Ll pd oy
b b o Simlon 9 <ol liebl sl b)) G lecel
coyd) Sl Lt [ YL sl oS a g Syl S ey
(r=0.93,P<0.01 Jlus

S Syge 53 9 Eon b dline GBS 4365 38 595 &j90 5
B by wanlp 5 as Jady e poe Siagh Sl L
LGl by oges o B 0 5 ead (iluiiin
0,5 L) s g 5 Calih ol PRISMA (gl ol 5200

ool g el Y0

R gL LR G Tl s

1600 080 Wi S oy 3o e 0in il il

512 =

3 e ) K3 hales

MT8= w3 g clalis ‘

ol e i ol s el

o 138 = uky 5 I e

J};J-;.G

5= il 18 IS a2

15 2 S 00 50
JEVISVE DR ORI I SHPRR I R T
12z wen s

| I

B S CPLg FLY

ek €ty ey padinB

‘«nu«a“

fAY



0L g (492 s>

O 0 (V) wBl loje o aaaS Kew YL £ aile
(HR =1.27; lab 0 55 (YY) o, Ken g Huang Lewl,
ez o (YYT) o Kan o Fan 5 (V%) 95% CI: 1.02, 1.58)
O e bLs I (VA) (RR=1.028; 95% CI: 1.011, 1.046)
oare by 4 Myl o lidl g PM25L agzlse il
0,5 (YY) o) Ken sShin (Koo (ggm 5l in, S 515
5 Nagle 5 (\V) (HR = 1.90; 95% CI: 0.70, 5.17) s>
L)l e 2lo)l (295w asllae S 5o (V- VF) (o Sen
My oase (b s PM25 (5500 55 (235 )13 G (5 l0bas
(V)(HR = 0.98; 95% Cl: 0.85, 1.14) xS

50 4> W8 slacgls saims lis wiibels jgye (ol s
O e BL3 el s o5ngs wlalllas I (S ol Lozl
oS Il s oS 55 1, oane Wby s PM25 L aglse
I, bl iz coamiocVll g Lyl 5o susts o5s lalllas
5 gl asle LYo a4y el (Sae glis ol ilos S5 al
Gois, 5 Sooll Sl slajlyl wlillas b
Eord > Dol wile ez sla T v ilel Jelodisn o
@ eied 5 @ my (eSS wile Jh alse
Isn _Sosll oy aiile _lawone (glacglis o silagy slacdl e
il e i 3bbie 3 o LS5 5

F 8 5lods Y'Y 5590 NFeF (LT g o0 lg s (S 9 pole olKiliils

et Bl ey addllae pl o eadowibeS lillas
Sl e ks 3ble )0 cdxe olb iy g lsa  Sogll
ges wle) alis ) 58 iz weamiec WLl Lol sblie ol
Il e (Gl 5 Gt T sl WLl il oS Ll 593
5059 (5295w 9 5l Slalllae 25T (b dsg agi 05
b b T LL3 ) 5 (PM) (sl 1,3 L e Y5 aglse 1
] 00555 polin 0dae
ouus o gy Olallle Lol g lis — V-

2l oaxe (b s 5 Isn  Sogll o 50 50 00l casyp Slalllas
o 5 (YY) o) Se 5 TUmer .ailos S 5155 1, ol
g2 0aotoYL] )0 0auS S 5 FYY - FA L 29,5 00 axlllas
5 esS e alidl s PM25 L agalss s (s lobine LL3)|
(HR = 1.00; 95% CI: 0.91, 1.09) 3,5 Iy oime (ylo s 5|
25 Ol s (V+Y+) o San sGU anlllas (pizman (VF)
15 (V) (HR=0.97; 95% CI: 0.82, 1.15) cuils (o ;> sgelie
Sl bli)l w0 3555 (Y-VA) o Ken gNagle  Llas
(HR=1.38; 5,1 5525 odxe (3o yus 5 3lao 1,3 b agzas oy
(HR = ol sy ofoye 5o bL3,| ol § 95% Cl: 0.99, 1.92)
3emS 5 Jdo a4 Wilgs oo el 11.98; 95% CI: 1.30, 3.01)
(SU) S syl 5 (Jid Slezlye (Sojglen Jalse

DHA J4 SN2 Dox

LRGN LSS

FAF




OLSed 9 (v92 duos

dopllis jgp0 50 (2l ouud wy p SV cudz! ymwl OleMbl ) Jgus

F 8 5los Y'Y 5590 AFeF LT 9 po0 ylg s S iy pole olKikiils

BLS | g S0l

sxSeslul =P iy S Corozr RLEET
Lisab! aliolé ) s b, g0 Sk g0 Calé Aigod 2> 5o
° Y/ b3, & axdla e R =1y ™ axlllaos )90 ° (&,L)
G gl Joe o s YAY,OVS = slas) i
&l (HR) s aile sk el ans S ’ S
_ . 9 ARV L;LbLJLM: _ L;me}b
25950 0 R oS Joe 9 00w olbo e . T P95 100 g odne Glbo s LT S Ll
g e OyehsS wolidl 3l Y -0 PM2.5 3l oadssleez Nagel et
PM2.5 )5 CaxSo e G A0 oylsS olKiws B xSo iy YAV, Fe 8 = olows b ada
. , e (PeSeR) 0y9% &S >y y 209,505 ) e , al.2024
alold) <AL il (HR) s (UADT) g PM2.5 4, G ol e sl audl
CASRRISI I on byl HeiS w4
—VVF 780 olabl ‘ S5 olfius lBgd ‘ ‘ Sl
[RWIRVRVR RRTA S oo oolanul
8¢ (+1AD (UADT) s
aYlo Sk
b agzlge
. PM2.5
039 ol
ol asllla gl
o5l ey S bl S PO
S a9 o o5 Sn 1Y | ;/
ol glgil ales . Sl o9 e
e “zlye s o glgil coles
:1.02 S s oS 3055 one Bl L e Y ST
RR: 1i0026()1.011, «sf-“F;'R ICD-10: COO— )}i’ Yoo 5Yo1a 5k : > s S SYsb — S e Y - aliazrggg
- RR) VY imen s CO7  (SP9ER) 2 eSS ¥ PM2.5 S il :
g s e PRTEELVEEE )
Ol 5l 2l g5 T oslie 53 Sl OF S
S )
ol ala | fl U‘ > il oyl
3« (C16)00as S sledgaze
ISV L
ReS9Se
BULERE N
RORARY
PM2.5=1.90 ol Jas S 09,5
(95%Cl: 0.70, e s oo alye oy Sen
5.17) e 5 b yreg S 5o O35S . b Soe SYsb 2 Corex p Shin et
- e as e j YABL Y.Ly AYF A _ ) iz oS
i 08, tme. e Gt pMI0 S s ol 2022
6CI: 0. ime- .
; alazjl > SMA) Js:
1.42) dependent e PM2.5 (SMA) Jy=




saxo (s s 43 Sl 15 5 (oo 1,3) 19 (F5lT b ag2rlgn LUl (w2

F Sslois Y'Y 850 AFF (LT 9 st cylg 3w (Solipy pole oliils

Cox odme oyl yus
proportional 55 (C16)
hazards ’
«!,» model)
Cs 331 2
(HRS) ol las-
)k}' LSLQ - ] .
e-)»f:J.gA:J
31 oolail _
s PM25 Lzl L Ol o
1, oame ylls oo 45 St : . . OVEPM25 v s Ve fauses s
JoSe o o s Al yosS e S90S ) L ) Huang et
ol YL Yo/AR e £-YF10 Sog yiw b alls Josls f
023 e L3l . . P 5 e oF 1.2022
S35 odna olb (29502) _ . al.
(HR: 1.27, [1.02- 55 205350 PM2.5 5 sl s
1.58]) (Cox RYYRUVL OYCH il b e
proportional
hazards
models)
D dwlone
S 3L eagS e oSl
Ko ‘5Ltban).m Lghau.la.l.c
5 blsS L PM2.5
Lol slees,S 5 Ol Sl
6[1::..\5 )| ool GL"’J}l’ LS‘)'.'
Gonail abg BYe) agly Gm 5 pow epoo eJsl
. . Op Sy dae b le (Ml oS g VY jlos S apler dols Yok s
HR:0.97 (95%Cl: ., s .4 us (ICD) > b lagy] 4o VAL 4y PM25 YAGSD- SREoTer e Guoetal
0.82, 1.15) (asSon) (Ul VA 5l 52 2020
HR st Ol s (sl 55 VNP polss 2595
e Hge58) odne N 680 xSe o
ol sBaS a8 (oame YYIAY (O IAY)
Ay 1CD-9, R eSS
2151 xSo e
1, 1CD-10 YOIBY «(+15%)
<l C16 P59 S




OLSeR 9 (v 92 duos

P 5ykois Y'Y 850 AFF (LT gyt cylg3umw

oS e
UAI)
YAIYY
R PSS
(FIV) cxSo s
.35.'\
2093 o sloosls
PM2.5+03= sare ol 5l 20 o oSils
0.9225 (0.8642, laas 3l oolizl L Glore Gl JagS yo Sl
0.986) ICD-10 PM2.5= L e
PM2.5+502= o) - (ng/m3) PM10 SO
09640 (0.8211, RRss | P et erseal) 155 nor gloosls ey CINANEL
1.003) desten Mellom (29 500 MG PM2.5 e al. 2020
PM2.5+NO2= 25 (o2 el (ug/m3)= N &T >
1.0103 (1.009, R 6)5]@-? 137 (81); e (S)9IEe
1.021) .C16.0-C16.6
C16.9 ,C16.8
Sl sl S
R eSS D
bonly s S e oozl b Loy s
g eaze olb s 51) ol |
S e k3 ol PR el N
Ol @l (6l EOMSLin g b s ylous Blre ol )3 Blre ol )3 :) b
REY AN -ty b YD 5 Y0 afe e s
Rl L9y B 5l s B 5l s L o5 Sion 59y Dy
R . . v oo
s 4565l sl Sl g ohsh ) . . a9 S <oy S > L s oS Ll
T sl s sl ' & y5m6S 4l A s ailaie V) Nagel et
obl sl Pt DU B Ve YO e Nt sV om T4 000) o wils
Nagel etal. 2018 o= 055 sl (23502) ¥on . . i Lk al. 2018
ESCAPE eodes 021> < rog Se < rog Se N Ll
ICD-10,(ICD-9 Olb s 4S5 y9boe; Vel S Vel s e e
©OF )9
C16)) R Fhag o Fag Seo = . WY
HR 18 &5 5ICD-10 TR Lol
PM2.5 ICD-9 s
1.38 (95% Cl: Sy cn GaalL
0.99-1.92
PM2.

5




P 55lads YV 5,90 AFeF (LT 5 0 cylgas (S pale olKils ouzo by 43 Mol slas g (Ghro 1)3) 19  SogIT b agarlge bLS I owyp

1.98 (95% CI:

1.30-3.01)
0.85 (95% ClI:
0.50-1.45
Sl 4 Iy 03)
Ao S 015
.oy
bl (Sl
aslllas oyl
e ol e »PM25 oo \::
nSy . . .
sbaialng ol l:; if: oSS,
PM2.5=1.00 s o Hollers ganad b ) o) ’ B2 TR N
(95%Cl: 0.91, < S90S 255 9,5 VYIP PM2.5 ’ oasecYL! Turner et
oS s S, (ICD) s Lo _ Yoof B VAAY ) FYY-FA 3 6 S ]
1.09) (2s,552) b e ie e 5,0 2017 al
HR) slgialng o - ' (CPS- o s ¢
i ; Some S < D)
« S
Ol R0 9 o )53, Sen YIA 2 Jsb 0 1,
5 ganai b Al YY 6,90
S e _
D5 6N

g ‘5;0)|w|




Y 5 b Y'Y 5590 NFF 39 e g OIS yo 9‘3}{-&: S 3 ln,.l.c o il

lodis by, JelS jebas e cuxe lbpw g PM2.5
3985 cndid ol o 4 Wilel 0 PM2.5 3lae &l )3
9 6‘4—’[—@[—“} ULQ.».” ;A.CLi 9 \.\.:9...» UP QL.'.)} 0)15 9 OQ)S
cdre Gl ps alox 5l o )l s 51 calises gl o8 a
Ailgi oo Blre Sl L e je dglge Sloadaislil oo
a5 958 (ROS) o5t Jld slaaiss oy 4 e
05 Ol e b g eailes; ol (Jsbo DNA & ailss oo
&S pledlecnl 2 ogdle (VY V) wisdh (g2 9 el
Sl el Wilgs o 09 oo Slul lga slaoaYT lawgs
izl (YY) oS S8 ol dnwgd 4 g 0ol )5,4941
5o oSl wasal asly Blal ool ol 5 el
Sl (YO YY) wls s ROS ody LS
LU L by 58 b @l b (Sajslsar slo sl
Gl s Gl A5 PM25 L agrlye o lolins
e J)J st.‘ as By ad)‘)‘b @‘N 0l qu).w
O olbw s uoldl o s sleeanYT i
Lol b (g iy Oliies
Sy bolpiny ¢ adlae sbrcodgoxoe -F-Y
oucu | wlidoy

Cudgasms iz s pl pSotiace s 9e25l
S g, Y gl ogd axgs o] 4 Wb aS o,ls se>y
Sldlas o ez gl Sy 5 lse (Sogll L)l
pac 5, lade oloyl cely a5 Wi o plid 1) olasglas
Sool ple gty yiig dogo .auS o Hlado |y Dlallas
S0l 8550 )5 (oS Dlalllas 9 W18 55 pe3 Sy sl9n
OISl &, lp cwl salplxl (JBls slgn
St axgs (Sodll g5 93 o 4 b canl wlides
) S gw a5 dble o ofga il alils
29 ge ooliinl ale)S g nald (slp 05 obay

6 75 Ao
lge oo bLIaS ol lis ssaileln aslas
gsiie il Slalllae )3 suss by s 3 PM2.5 L
593 (B g b il Sldllas (S p a8 s sba ool
o5 onl les,S 155 1) lelias bLS )l 0525 pac
o Oyl (oldlas slaoglas 51 Lol el (S

- 08w0 by Jla- 9190 So9fT b aglge

S5 Aol g S W&
S o bl a5 aes o lis oldlas IS ol
s bl |y blsjl pl Glides (S5 a5 6 )sba
5l gawled imen iles S 515 Jolixe e Ko
ONen a5 35l 09z g abaly ol o dwis glaglas
5 152 (Fosl G ably (Sowmmn enimsplad @i

s Slp i Olids pg3) 5 g Cenl saxe Glbyw
.A;SGA S Jal,,_’;)l u.)‘).)d.a..a&

4>lg0 22U, -F-)
stlisee 938 3l aiailels g0 ol 4 oaiis ly Sldllas
aS &iles,S oolaiwl lga Sogll b agxloe oL, sy
Syl 1y 09 el slecusgame g D8 bl plas e
bl 1y I (S0l b agzlse ol Slalllae ol s
Silodie b (il slaolfinl b cisS Joe alol
sl Soslail 5l solatwl S o 0,5l oLl A
gl abil G leieas lan cot S slaolSiny! 5l s
Gg.boa_;_i‘ﬂ Slp G leosls 15 w0ed oo Cgusxe
ol (Jeell 0,6l o eald PM10 9 PM2.5 aiile
By Hloy aile (0,8 Sledbl W8l Ll e g 5051l
a5 slwe b Slzlee Gl L als JBIs jo eas
Ghoy dsdhee bosly ganaib s Sbaladl cerge
2 s syl 05 oo oolitul Ygane o5 (5,500
Olie a5 wms o 1) HBGI pl b4y by Jow ol Jow
G Cewd )0 s SleMbl a5 ablis (o 1, ag>lge
50 eadoslatul Wlus,d Jds 4 (Jlopll oS L)
Al olyer pliwebl pae b cenl S b b Jow
by Sl 4 oldllas (S &S s (izen
o Sl A oS sl wslasls Syl gl
aile yeye laglen Glp a5 Soe SYeb aglge
SOl 0 gam 31 a8les )T ax g oyl Coenl s
odid (ow)p BB psba jre pleBle JBIs slea
(S zlse 3 (k55 JB e Wl 0 a5 I ]
Aol ails ddaweie g ol delio b sle,qiS 0 05ga

lso So9IT b b po (o 3elom G psilso —F-Y
S ¥ OUa).w 9

ohgar dgn (SOl b baiye (Sojslse sbopeilse

fAL



OLSed 9 (992 do>

NN
SN ol

WS el oo aslllas ol o

OB s ¢ ot

g Yo gy 00ld slaoll [0 i 1 S99 o>

o wals LngoliiLé 9O 9T :|m.\.5.n ‘;w; 0}3@

ey cools Gboll o goius 1 gobTedgs il

(Bt (glo el bgaiils ‘S{LA.L.Q‘) 1S S0z
aloe b Ololo g dllie Jlool cllio o3l

Sl oo

RPIRY

Lo olas

D, 0g2g 28l olal a5gS man dslllas ol jo

References

[1]. Guo C, Chan T-C, Teng Y-C, Lin C, Bo Y, Chang L-Y, et al.
Long-term exposure to ambient fine particles and
gastrointestinal cancer mortality in Taiwan: A cohort
study. Environment international. 2020;138:105640
https:/ /doi.org/10.1016/j.envint.2020.105640.

[2]. Loomis D, Grosse Y, Lauby-Secretan B ,El Ghissassi F,
Bouvard V, Benbrahim-Tallaa L, et al. The carcinogenicity
of outdoor air pollution. The lancet oncology.
2013;14(13):1262-3 https:/ /doi.org/10.1016/S1470-
2045(13)70487-X.

[3]. Ethan CJ, Mokoena KK, Yu Y, Shale K, Fan Y, Rong J, et al.
Association between PM 2.5 and mortality of stomach and
colorectal cancer in Xi'an: a time-series study.
Environmental Science and Pollution Research.
2020,27:22353-63. https:/ / doi.org/10.1289/ ehp.9030

[4]. Wang G, Zhao ], Jiang R, Song W. Rat lung response to
ozone and fine particulate matter (PM2. 5) exposures.
Environmental toxicology®1-VEY:(Y)¥+;Y Ve
https:/ /doi.org/10.1002/tox.21912

[5]. YangD,MaM, Zhou W, Yang B, Xiao C. Inhibition of miR-
32 activity promoted EMT induced by PM2. 5 exposure
through the modulation of the Smadl-mediated signaling
pathways in lung cancer cells. Chemosphere. 2017;184:289-
98. https:/ /doi.org/10.1016/j.chemosphere.2017.05.152

[6]. Han M ,Guo Z, Li G, Sang N. Nitrogen dioxide inhalation
induces  genotoxicity = in  rats. Chemosphere.
2013;90(11):2737-42.
https://doi.org/10.1016/j.chemosphere.2017.05.152

[7]. Oberdérster G, Sharp Z, Atudorei V, Elder A, Gelein R,
Kreyling W, et al. Translocation of inhaled ultrafine

FAS

¥ o kol ¥V 5,90 NF-F QUT 9 340 )19 )4 pole ol il

DSl agzlee s pSolul slahy, boaddlae (b
1o e s oo Lis aS 5,00 B9z g guadled (] ogdle
S (§ yidin (§ g ] (S K 0l (S5
slml po) p el opl ansl ansls PM25 ol gl a
&S e ,\JL, yas oYl L ag>lee ials 4 lgn
2 lea (Sogll JuuS o 1) Cogdsl wb ol a8 el
Azl iblage Oyl g armay ol 5 558 blie

Sligiss 36,5 ai jo ) beaYT L Soeasd

S0 g Glae 0lyd o Gl ol b say |

S ol aswg ;o gl (Siislsen sl e

opads leizle J=lo sloa coaS Ol ae b mlS
5lS Gl w0 g allidrwg ole,enS o

63‘.))..\53 ,&m.’
30 diloes 5, Ken g Cor L aS ol 5 S ol
9 o8 dlosons Witdld ol mgew Wodls (5,905 ,5 a3

particles to the brain. Inhalation toxicology. 2004;16(6-
7):437-45. https:/ / doi.org/10.1080/08958370490439597

[8]. Elder A, Gelein R, Silva V, Feikert T, Opanashuk L, Carter
J, et al. Translocation of inhaled ultrafine manganese oxide
particles to the central nervous system. Environmental
health perspectives. 2006;114(8):1172 .A-
https:/ /doi.org/10.1289/ehp.9030

[9]. Kreyling WG, Semmler-Behnke M, Seitz ], Scymczak W,
Wenk A, Mayer P, et al. Size dependence of the
translocation of inhaled iridium and carbon nanoparticle
aggregates from the lung of rats to the blood and
secondary target organs. Inhalation toxicology.
2009;21(sup1):55-60. https:/ /doi.org/10.1289/ehp.9030

[10]. Morgan E, Arnold M, Camargo MC, Gini A, Kunzmann
AT, Matsuda T, et al. The current and future incidence and
mortality of gastric cancer in 185 countries, 2020-40: a
population-based modelling study. EClinicalMedicine.
2022;47. https:/ / doi.org/10.1016/j.eclinm.2022.101404

[11]. Lee DW, Kim GR, Shin J, Hahm M-I, Park E-C, Jang S-I.
Trends of Suicide Mortality and its Disproportion by
Income Inequality: Results from Global Burden of Disease
Study 2019. Eun-Cheol and Jang, Sung-In, Trends of
Suicide Mortality and its Disproportion by Income
Inequality: Results from Global Burden of Disease Study.
2019. https:/ /dx.doi.org/10.2139/ssrn.4238649

[12]. Lynge E, Holmsgaard HA, Holmager TL, Lophaven S.
Cancer incidence in Thyboren-Harbogre, Denmark: a
cohort study from an industrially contaminated site.
Scientific Reports N ¥+ +:(1)));¥ ¥
https:/ /doi.org/10.1038 /s41598-021-92446-y




F Sslois Y'Y 850 AFF (LT g s cylg 3w (Solipy pole oliilo

[13].

[14].

[15].

[16].

[17].

[18].

Richiardi L, Corbin M, Marron M, Ahrens W, Pohlabeln H,
Lagiou P, et al. Occupation and risk of upper aerodigestive
tract cancer: the ARCAGE study. International journal of
cancer. 2012;130(10):2397-406.
https:/ /doi.org/10.1002/1jc.26237

Turner MC, Krewski D, Diver WR, Pope IlII CA, Burnett
RT, Jerrett M, et al. Ambient air pollution and cancer
mortality in the cancer prevention study II. Environmental
health perspectives. 2017;125(8):087013.
https:/ /doi.org/10.1002/ijc.26237

Nagel G, Stafoggia M, Pedersen M, Andersen Z]J, Galassi
C, Munkenast J, et al. Air pollution and incidence of
cancers of the stomach and the upper aerodigestive tract in
the European Study of Cohorts for Air Pollution Effects
(ESCAPE). International journal of cancer.
2018;143(7):1632-43 .https:/ / doi.org/10.1002/ijc.31564
Huang Y-], Lee P-H, Chen L-C ,Lin B-C, Lin C, Chan T-C.
Relationships among green space, ambient fine particulate
matter, and cancer incidence in Taiwan: a 16-year
retrospective cohort study. Environmental Research.
2022;212:113416 .
https://doi.org/10.1016/j.envres.2022.113416

Shin M, Kim O-], Yang S, Choe S-A, Kim S-Y. Different
mortality risks of long-term exposure to particulate matter
across different cancer sites. International Journal of
Environmental = Research  and  Public = Health.
2022;19(6):3180. https:/ / doi.org/10.3390/ijerph19063180
FanZ,LiY, Wei], Chen G, Wang R, Xu R, et al. Long-term
exposure to fine particulate matter and site-specific cancer
mortality: A difference-in-differences analysis in Jiangsu
province, China. Environmental Research.
2023;222:115405.

https:/ /doi.org/10.1016/j.envres.2023.115405

woizo b yus o g lgp Sogll b agzlge

fAY

[19].

[20].

[21].

[22].

[23].

[24].

[25].

Nagel G, ChenJ, Jaensch A, Skodda L, Rodopoulou S, Strak
M, et al. Long-term exposure to air pollution and incidence
of gastric and the upper aerodigestive tract cancers in a
pooled European cohort: The ELAPSE project.
International Journal of Cancer. 2024;154(11):1900-10.
https:/ /doi.org/10.1002/ijc.34864

Xing Y-F, Xu Y-H, Shi M-H, Lian Y-X. The impact of PM2.
5 on the human respiratory system. Journal of thoracic
disease. 2016;8(1):E69.
https://doi.org/10.3978/j.issn.2072-1439.2016.01.19

Waris G, Ahsan H. Reactive oxygen species: role in the
development of cancer and various chronic conditions.
Journal of carcinogenesis. 2006;5:14.
https:/ /doi.org/10.1186/1477-3163-5-14

Kay J, Thadhani E, Samson L, Engelward B. Inflammation-
induced DNA damage, mutations and cancer. DNA repair.
2019;83:102673.
https://doi.org/10.1016/j.dnarep.2019.102673
Gonzalez-Ruiz J, A. Baccarelli A, Cantu-de-Leon D, Prada
D. Air pollution and lung cancer: contributions of
extracellular vesicles as pathogenic mechanisms and
clinical utility. Current Environmental Health Reports.
2023;10(4):478-89.  https://doi.org/10.1007 /s40572-023-
00421-8

Snezhkina AV, Kudryavtseva AV, Kardymon OL,
Savvateeva MV, Melnikova NV, Krasnov GS, et al. ROS
generation and antioxidant defense systems in normal and
malignant cells. Oxidative medicine and cellular longevity.
2019;2019(1):6175804.

https:/ /doi.org/10.1155/2019/ 6175804

Fu PP, Xia Q, Hwang H-M, Ray PC, Yu H. Mechanisms of
nanotoxicity: generation of reactive oxygen species.
Journal of food and drug analysis. 2014;22(1):64-75.
https://doi.org/10.1016/j.jfda.2014.01.005


https://doi.org/10.1002/ijc.26237

	Miri EE
	Miri EF

