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Abstract

Air pollution arises from the complex interplay of hazardous gases and
suspended particles in the air, caused by climate change, and significantly
contributes to chronic noncommunicable diseases, including chronic kidney
disease (CKD). However, the relationship between air pollution and CKD
remains uncertain, with the exact causes and contributing factors. Therefore,
this article aims to review current knowledge on the relationship between air
pollution and the development of CKD. Relevant studies on the relationship
between air pollution and CKD were identified through a PubMed search
conducted between 2019 and 2024, using the keywords “Air pollution,”
“Kidney,” and “Urinary”. The data revealed that pollutants such as PM, NOx,
PAHs, CO, Os, BC, SO,, and cigarette smoking can cause pathological toxicity
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to the kidneys and adversely affect kidney function as a risk factor of CKD due

to injury, inflammation, cell death, leading to decreased filtration capacity.

Keywords: Air pollution/ Chronic kidney disease/ Cigarette/ Heavy metals
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lsali3o39 (Chronic kidney disease; CKD) dnaglunagulsnlifinsioisass
(Non-communicable diseases; NCDs) i 3 8 NwagN15%191Uv09bnanadIng 14

o =~ a a Y < I
folliad FUAnINN15IUR B ULUAIa NWENIIN18ATNTBILARINATSUINLI UL DU
seugIa1uy wavdnisandulsaliglsalagesssuranying (End-Stage renal
disease; ESRD) igUfinisaiuinninfesay 10 veslseyinsvialan [1,2] uaiiynig
81111 (Air pollution) AN INAMULUTHUBE 1T UFBUVDIN1FTUATIHUATBUAA

PRy a Y ) a 1 A o a )
wrauaaglusinia NlnuneTeeiulsalifnaesess (NCDs) vianesiin wavdsag

I3 1% & U v fw a a

Julgvnisanuansisaay Fellanuduiusiunisidsuulaesanimgionnia
(Climate change) U a.f. 2019 peAn1sauralan (World Health Organization;
WHO) wui Sewag 99 vesussrnslanwdyiuiunuaiiunisennianluiifuliuaiu
VANNMUIIAMAINDINIAYEY WHO Taguseyns 6.70 d1uausengneuisdunds
AREUANYNI9DINIFALATUANYN19DINFAIUAS IS DU T9508ay 89 (4.20 d1uAL)

9 I3 Aa v o ' a 1Y) a
audulssmaluaulsemaniisielamuazliunals Wy wautedeny Iueenides
10 waznguusemeninz Tunnvesumaymskudiin (3] uiinsinlsalasesives
HUredulngasiinandadeideawmandu o lawn A1aziuimnu (Diabetes)
AuRulaing (Hypertension) naenaunIzANAaUNANlABY 9 W n1sdniay
vaslnawesgla (Glomerulonephritis) waznisiinfiale (Pyelonephritis) Wusu [2]
IINAITAUNUANUFURUTTENI1IN5FURE PM, 5 TussezeiuazgUinisalves
Tsala3ose (CKD) fausd a.a. 2016 9 2023 Auandliinud naaududy

AANTUVY PMys USHNW 10 pg/m® danudunusiuaufnisaluazaiuynaes

9 9

lsalaseseegvddeddn [4] aUfnisalifadud v ideauaulaly
NSAUMIANNFNRUS vSeansveINIsinlsalnsesmInuaiuneINa 1H8d91n
maﬁwmmmmud]uﬁqﬁwwénﬂﬂuwaflmimﬁﬂLﬁmiéf wazduwildugUanisel
~ X a ) a £ v E Y] A Ao |
dinunn 9 U YseneudunmsiiuduvesUislsalasesiannaimvndundslinsiu
awisuaradenmaielsaiiuidn [1] Banditu Ysendlng nssvmunuasduidios
TnaiifulumeuaiiwnieeniAainaisuseneudunignsewmela (Volatile organic

compound) 14U @15Usznauszlsunfn (Aromatic compound) taun Benzene,
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Toluene, Ethylbenzene, Xylene (BTEX) wasd1sUsznaun aq' 4 carbonyl
compounds (CCs) 984 Formaldehyde wag acetaldehyde qﬂu%umimmﬂﬁﬂﬁ
fnsuudoudngisnisldannistasiusensilaane (5] gifimenidiaduni
aulalig douiinguszasdlunmsmumussdanufifeafiuauduiusssninaadin

7199 INABAZNISIAALSALAILTDS

Uanwn1981n1A (Air pollution)

wafiwnsonAdunauannsHauwazLUsiueg wdudourosingdunsy
wazeynauvIuaes §adudgmiynduriannianluussaisunsieain
wandeutonun Insfinnuisadesiulsalufadenarsyidnuazidudym
fuanssugy Msiasundasaningiiennie (Climate change) gnaminazyinly
UANBNNDINIA LATNANTENUADA IWIndoN U quum%ﬂuwmm AU Yy
gana  IUrfieuiuuarguusannd udmalidatufuandu lifissudde
Usgpnsluvinalndidsurinty widimufesedurfuazssdugionde uafy
nso A Alud1ulngLAnainnisuaniuvesd uazoes (Particle matters)
Tawn w19 10 luasau (PMy), 2.5 tuasau (PM,s) wagauim 0.1 huasau (PMg.)
fAralelouniaiuiiu (Ground level ozone; Os) A1sA1susuneuanles (Carbon
monoxide; CO) mrfa (Lead; Pb) lulasiaulaeanles (Nitrogen dioxide; NO,) ua
fedamasliaeanlan (Sulfur dioxide; SO,) [6]

wona1nd Tanewiin (Heavy metals) 1y wuaniila (Manganese; MnO,)
NouAa (Copper; Cu) §ned (Zinc; Zn) waailea (Cadmium; Cd) wian (ron; Fe)
dntia (Nickel; Ni) Twmai@es (Potassium; K) waat@au (Calcium; Ca) 21uutf e
(Vanadium; V) kuitse (Barium; Ba) @137y (Arsenic; As) Faieu (Selenium; Se)
uay ansewden (Strontium; Sn Snnunsuudeuwasreuaiivniena aunse
Yuiouludawindon 3 me lud nMsnausiufuiu PM azneuiide wavuandn
nnsviiuiosgnaivnssy Taslangmind vud euduiAninnssuaunis
NETIUYIRRATIINNTITTInVRINY LY 19U Uk tnseidn avanaimnssy

Judu JagUunisunsnszatsvesiuuinaauuiudadendnvesnisiulounes
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Tangwinlunafiwnisornnia lasaniz PM anmswilngdiad esoudlneans
msUuiouanzlen wazsauiu PM azdelhifnansuseney 1wy damn (S0,2)
Tssn (NOy) wazuenlanilon (NHH AoliiAatumaudunsauaznsiud ou
Turslgemisludanindeu a1slosouaninua (Base cations) 1w Na*, K, Ca?*
uag Mg ﬁaiﬁﬁmﬂagmﬂwﬁauiuﬁu wavlavigwiin Wy Pb, Cd way Zn fineliiin
aruduiivludsiidan (7] Tng PMy, asnusnnluduussermagiuuuiiiufiviu
mquLazL?jaqﬁnyjﬂ PM, s ﬁmmmagmﬂﬁLﬁﬂﬂ’i’]ﬁmmaaLmaﬂ%ulﬂﬁq“daﬂqaam
melulen wazasnsaunsndulufetazduuentenld uas PMo, ﬁﬁmmmaqmﬂ
Anninfannsaunsnduludietosiunseualadinld wenand SO, Wufenil
aauiRavaneihldnelfAnnssemaifesssuumaiumeladiuuy feain NO,
way O, Mnlvsemeiossyuumeladiuans [6]
gURn1salvesdgymiuaiivnisernadnaldusogun1nyeany v og
19919 n3Eed A.e. 2019 WHO s1eeudn Sesay 99 vastssannslanwdaiu
‘ﬁuﬁmaﬁwwqmmﬁﬁlajLﬂulﬂmﬂmué’ﬂLﬂmsﬁﬂmmwmmmaq WHO TagUsgvns
6.70 A1UAUADINNENBUTEEUAITAILUANEN D INIALAZUAN YN19DINA
Tuaduiou Fedouaz 89 (4.20 Aruau) srudulsemalutavysemanisisslam
wazlrunans loun uauleengiueenidels wagnguussinan1angTunnved
UELNSUUFIN [3] MsdrrInssuns s RnfumLduTuS T sdula PM, s
mewnLLazqﬂ’ﬁm'iaisuaﬂiﬂim%'ya%“a (Chronic kidney disease; CKD) Al
U a.A. 2016 9 2023 nnauUsewINg 7.90 A1uAu taun nausiuinunie

[

(@nsgeLsn) glsy (31901009NTa AU kALANIITDINITNT) Lazlalde (A15150U55

'
a

Useyyuiu a1513usTinInd waza1snsasgiu (lWudu) wudi nannududy
WINTUVRY PM,s USHN0 10 pg/m’ fanudusiusiveiinisaluasainuynveslsale
159F90819iltEd ARy 91AANINNITUNTVRY PM 5 INIUINTEUUNABALG OALUNE LA
o Y a < (% 1 Y a v A . .

YMIAARNITUINLDU BAaZNITDNLEU @INaLNANINA (Fibrosis) anANuNaIN15atu
n1snseeveadsvadls lagsrearuidunisiaa1Uszuiusnsin1snsosvadle
(Estimated Glomerular Filtration Rate; eGFR) [4] uanand n1sAnwIANUAUNUS

vosUFualans (Meta) wagsinislany (Metalloid) lutlaandz uazurinary
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albumin/creatinine ratio (UACR) Tunguuseunnsygeenyansisansgusesvuiund
NSFUNFNUNANYNIDINTE WU Cu FAMUFUNUSLTIUInAU UACR 8814
fidadndny (p<0.01, 95% Cl: 0.25, 0.46) FuTugURnisalfiuanslmitudl uafivng

ANANAMUFUNUSITIUINAUNISIAALSALAIS D59 [8]

Iiﬂlﬁéﬂ%’d (Chronic kidney disease; CKD)

Tsalagoss (CkD) dneglungulsalufindaiioss (Non-communicable
diseases; NCD) i ddnwazn15viauvesinanateg1eieiies uinannis
Wasuulasdnuuznianisaimvelanainnisuiad uidussezinaiuiu wasd
miﬁﬁLﬁﬂiﬂiﬂéﬂiﬂimL%@%ﬂi%ﬂ%?jﬂﬁw (End-Stage renal disease; ESRD) lagiiin
INNIENEVAIN LU A1IgeIU (Obesity) gaeny (Elderly) LLazquqﬁ (Cigarette)
[9] nTolsAsing 9 lAwn LuImI1u (Diabetes) Arunulafings (Hypertension)
lngniaus o5 (Chronic glomerulonephritis) N57 glngnauis 8 (Chronic
pyelonephritis) n1slderuneniausdalulyaimesoss (Non-steroidal anti-
Inflammatory drugs; NSAIDs) Iiﬂqﬁﬁ:uﬁuﬁﬂmwmm (Autoimmune diseases)
Iiﬂqﬂﬁ%ﬂulm (Polycystic kidney disease) lsaganasn (Alport disease) N1y
ANMNRAUNALANLTA (Congenital malformations) wagn12glanelduunau
(Prolonged acute renal disease) wazdinnnudsdlimninlsadug wu lsafiierdos
fuitalouasvasnden (Cardiovascular-related) wWu Tsandnudowilannden
(Ischemia) A1gRalatduind i (Arrthythmia) wagnnigialaguinas (Heart
failure) wagaizise (Cancer) Wudy [2]

TsalnFesailgtiimanigsAniduinnninfesay 10 vesszanslan @nnndd
800 a1uau) Tunguuszwaseldtesfisuiunans neUlediulngdndudaeny
memda wazdnidulsaumnuuazanuduladings [1] WWulsedifidnsnndedin
aoialan warduuldudUasuduuiunindunn® n1sidadelsn CkD Wald
annsausefiulaannsgaual GFR WU 60 mU/min/1.73 m? {usseziianyindu
WaeUnNNAT 3 ieu seiiusyIAnmsunduiila venand Swnunsausafiuldan

n1snulusAudayiuludaaiie (Albuminuria) n5iUd sukUaIUTuInsvesle
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A1y hematuria/leukocyturia Msiasuudasadidninslarivesiaans waznis
Ugnanele udu Tnenisussiud3una Albuminuria @nansadszdulaainnisd
lWsAugayiiulutdaarizuinnin 30 mg neluszeziian 24 F2lu9 30 30 me/g
9ndaaniefiuenan Creatinine anunsanusszeznsaniulsaoenifu 5 svos
ANUSTAUAT eGFR 130 3 Svar MUTEAUIEY Albuminuria wWazALLEBITEINTIE
nduman (397 1) ogslsfinnn msUsziiutladoidodug e wu oy e
sydunBlaarDTea MIguyvs Wusu [2] andeyasnoauuszdnd w.e. 2567 ves
Useinalne Wué’ﬂwﬁvﬁﬁ’w%mi o Tsanenuna shudu 1,418,813 Ay wuadu
spaedl 1 107U 178,906 ($ouay 12.61) sveedl 2 S1uru 345,245 (Fewas 24.33)
syevdl 3 S1uIU 615,372 (Sovaz 43.37) szexil 4 S 170,622 (Fevay 12.03)

way szevdl 4 S 108,623 (Sovay 7.66) [10]

A15199 1 Ua98Ld89uarNadns9991n155A kNS 95991NAIANNANNNSO NSNS
Yoade (Estimated glomerular filtration rate: eGFR) wag WsAusayiululaaie
(Albuminuria) [2]

eGFR Albuminuria (mg/g)
Stages (mUmin/1.73
2) A1l (<30) A2 (30-300) A3 (>300)
m
Stage 1 >90 Low risk Moderate risk High risk
Stage 2 60-89 Low risk Moderate risk High risk

Stage . ol o
an 45-59 Moderate risk High risk
Stage
30-44 High risk
3B
Stage 4 15-29
Stage 5 <15

VU8R eGFR; Estimated glomerular filtration rate, A; Albuminuria
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nMsAnwIAaduussTnitaaieneemawasisalaitass
uaitemsomAlinnuiedesulsaldfndosesmaneiia waztudgm
Adnieanssgy wiiinsdudanaiunieiniand iwsngumnesEUY
mafumela eg1dlsiny erademensanmitlaainnislésuamnanduduresmadiv
flgenindesinnisnsaswendonielustme lsalasesiinalnmaislsnegis
Fudounazdaudenlosfunaisegs msduiananiuniseinialuszesenn
orvdsualiannshaurestls wasihlglsalaneszeraaiine dufu aandqla

o w

agaeIwitigaiunalnnisuiaiuvests Jsoradunguadidglunisimvuauas

>

1%
] o 1

sudunagnsiifuszansamlunmsannnizdosvedsalaisess Wy msguasnw
AUNINDINTA NTduasunsAnw vinsUTulTIRuA MR IgU NI YE LETY
wmsmsteaiule madnefeulouiefiiiussavsam uaznsatuayunisise
dieudlailamansisage
foyamsfnuiiAsadessenitaaivnisoniaaglsalaEofs szudned

¥

A.A. 2019 D19 2024 F1UIU 37 UNAIIY QATIUTINAINATAUATIAIYAIAY “Alr
pollution” “Kidney” wag “Urinary” Taenduunminy Free PMC article fifiuw
Huamndanguiiy lisufdeyailldléffuivioundagelugiudeya PubMed
TnefifnsfnudymvesuaivniserniadenisiianenSaninsiels wagseuy
madudaane warunauasusy 9 Uszneunsideuvensninud evnnlid
audnegnsaseung asuda wazaulasniu 1wy Taneuin (Heavy metals)
Hudu (il 1) Usznaudae unaanuidaussens (Narative review) §1u7
4 UNAMI UNAUNUNIWITIUNSTIURE1TuTEUU (Systematic review) §1U2U
4 YA KAYUNANNITY (Research article) §1uau 29 unam wuadu nsdnw
fieadestuuyud $1ud 23 unanu wazAeadestudnd $1uau 6 unaw
(m15197 2 war 3) Usznoudae uafien1aeIn1AfLAnaIn PM, NO,, Polycyclic
aromatic hydrocarbons (PAHs), CO, Os, Black carbon (BC), SO, LLaSﬂ’ﬁ’QUQM%
(Cigarette) mudsu fidwalmAanedanmanuduiivaels wazinasdonis
Faumedte Toun nsdwmaseauaiunsalunisnseavedla (eGFR) anas Fainld

nU3Ives Cystatin C (CysC) TudsuuazUaanizvesrefiiinau CysC Fadu
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UsglosddmsunisAannsesanuiaunfasslnannnisduraiunafiuniseine
UBNANHAN150ATI98713U T 1982099 (Biomarkers) anidenuazdaaniyi
Aedestunisuiniduvediadu 9 1éud Kidney injury molecule 1 (KIM-1), Monocyte
chemoattractant protein 1 (MCP-1), Interleukins 6 e g 18 (IL-6, IL- 18), Matrix
metalloproteinases 2, 7 ke g 9 (MMP-2, MMP-7, MMP-9), Fibroblast growth factor 23
(FGF-23) uagnsag3n (Uric acid) [11-13] m’szL?fEm?fLﬁﬂmﬂﬁwumummmfyﬂaq
$remeveuiaung (Metabolic risk factors) d3uifisadesiunisuszans am
nsnsesvesdeveciniianas wu A1 Mean artery pressure (MAP), Body mass
index (BMI), Fasting plasma glucose (FPG) wag Blood lipid e wn Triglyceride
(TG) wag High density of lipoprotein (HDL) wagnuin HOL anunsnandladeides
nnsiaelaves Os, BC way Organic matter (OM) s [14] waveraifiendos
fuauRaunAluszuunisassluty [15-16] nMseadaiud (Vitamin D) 1Wulade
iesuliAnnssniauiazdmaliiAnnisilnaveslusiusayiiululags Tunquaud
Fudatu PAHs [17] uona1nd wus Biﬁ'ﬁ’m‘"aﬁ’u PAHs Wag Volatile organic
compounds (VOCs) Tuilufivuideunafivnsennia szdwaliiansifinduves
Siadon17 (White blood cells; WBCs) maonauvsunalulasiauluidond wdu
duUsznauvesanselsey (Blood Urea Nitrogen; BUN) lUsAumsiafiiu (Creatinine;
o) Wuansvendeifiviu (18] msdudasonafivmsennaiiilavzmin (Heavy
metals) UTunauaa lawa Al Co, Ni, Cu, Pb uaz Cd drudwwaldesalald lneinain
Wi@ﬁlmg’lmmﬁu (Gene polymorphisms) lauwn §u Xeroderma pigmentosum
group D (XPD) fifin1sudntoantiiuduainnisissdeunsuigadlaiiviniiu [19]
uananil nsguuvd wiensldsunafivainatuyvidmwalfiinnuiaundse
N3gUIUNT Lipid metabolism nasaaulinAuiaunfvesgusnauasanyizves
wadle [20-23] uena1nd n15UuLd euvesans 1,2-dichloroethane (1,2-DCE)
Mndaaizvea UfuiRnusoulssnugnamnssuiiotaneliiinnanaides ole

MNNINAABY Kidney function test an@loegden [24]
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PubMed publication
(n=37: 100%)

[ |

Research article

Systemic article

(n=8: 21.62%) (n=29: 78.38%)
Narrative review | | Systematic review Human model Animal model

(n=4: 10.81%)

(n=4: 10.81%)

(n=23: 62.16%)

(n=6: 16.22%)

AN 1 ULHUANATUNMSAUMNUNAA WagTUIUNSANYY 91ng1uTeYa PubMed
Auled The National Library of Medicine (NLM)

nalnanudeulesszuinansdudauafivniseiniauaznsiialsalnisess
msduiauafivnisernezisuduanssuumaiumela dwaliiianaln
seiulmanafiannsndeuledifomesanmilln dwalviAnlselnEo¥eld (25-26)
nalanaifalsalaiFessnnmslésuluazass (Particulate matters: PM)
[26]

1) vinaideideluviala (Tubular epithelial cell) Tns PM nszduliiAn
NISABUDILYAALUY Apoptosis Wunaln Caspase pathway Wagn13AUALDIUD
\waa (Autophagy) Tnedudanalnuoseulssl Protein kinase B (Akt)/Mammalian
target of rapamycin (mTOR) pathway wena1nid PM a@1uisani saulwiie
A1IULATEADONT LAY W (Oxidative stress) A18lu Endoplasmic reticulum
(ER stress) f\]’mﬂalﬂm%ﬂiwfusum Unfolded protein response (UPR) pathway
warduasulviianisasnseuyadase (Reactive oxygen species: ROS) fial#iifin
AIULE BMI8T Mitochondria 8210 UILLAANTEUIUATT Apoptosis hay
Autophagy

2) Usnamiwedlaiiienin wadwuwuiiea (Mesangial cell) Tag PM
wilehliiAn Fibronectin annnszuIUMInsEdunalnmsgeuuss fiilugnisiin
WINA (Fibrosis) anan1sazanlusiuntsuonigas Extracellular matrix (ECM)

components

o o
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3) uSuraealion (Vasculan) PM inflgnilviig eywiiavaeniien
(Endothelial) gaytdenu19 91nN154AW 1 wveda1sTnUInIseniay (Pro-
inflammatory mediators) 4@l Interleukin-6 (IL-6) W1lUgn1aznasnidanuds

(Atherosclerosis) fneliAnngladey (Glomerulosclerosis) (mwﬁ 2)

Inhibit

Autophagosome

A 2 madwenlesnalnssiulianavensduiauazoasaznsiinlsalnisess [26]

nalnmaiialsalaiFedeiunsdudan Tuyniandeuandan (Tobacco
smoke) [26]

1) Usnamiweslafidonin waduwuwudea (Mesangial cell) @15 Nicotine
ﬂszéjum'ia%?m Nicotinamide adenine dinucleotide phosphate (NADPH) oxidase
4 7\ina1nn15a313 ROS WU OL7 nicotinic acetylcholine receptor (QL7nAChR)
31NN1INTLAUNIY Protein kinase C (PKC) vaugifeniuans Nicotine NsgAunIs
@314 Protein kinases 1A Protein kinase B (Akt/PKB) Wag Extracellular signal-
regulated kinases (ERK) 1 waz 2 viliwaalainnszuiunisiaey (Proliferation)
La¥N15ve1800was (Hypertrophy) 39agiin1sad1alusiu fibronectin uaziin
nsazaulusiuludnuaz ECM uana1nii ans nicotine anansaneliannissniau
(Inflammation) Aaglutana Inflammasome 1@ wn Nucleotide-binding domain

(NOD) like receptor protein 6 (NLRP6) ti1u OL7nAChR
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2) @15 Nicotine aanszuaun1stasfusunsievonsadfuslenisduds
Angiotensin-converting enzyme (AEEI) 2 Funou laun miﬂiwjui‘ﬁ adrenal
medulla &9 catecholamines d@swalifiAnn1sUanUa oy Sodium (Na) was
Chloride (C1) waglniiAn Glomerular filtration rate (GFR) anag LLazmiﬂiz@juiﬁ
WWaanuAulaie (Blood pressure: BP) anelu Postganglionic sympathetic nerve
(PSN) dsmaliiusunamanaun (Plasma) fiusunaansdeusyaiv Catecholamines
GR

3) @13 Nicotine ¥ilLAnsTsfia (Fibrosis) filn #aun1sanufnien anti
fibrotic microRNA (miR)-29b-3 wazifl sluianad sasunisiAaiaia 1y

Transforming growth factor-f (TGF-[3) (1wl 3)

Fibronectin —  Frotein
22 ccumulation

GFR decrease

Sodium and chloride excretion

A 3 nalnnsnsgAuliAnAnuunnseswadlnvesnsdulaiuaiuyms
NFWINREY [26]

nalnmfieailfiAansuiaduvesinannisdudialaveudn [26]

UILIRL Proximal tubule (PT) LﬁaLﬁmﬂﬁasamaaiamwﬁmmmﬁqmm
wAnLilea (Cadmium: Cd) Aeliiinanuiduiivaela (Nephrotoxicity) 31012y
AINNLAS BABBNTLATY (Oxidative stress) Nsga WIMLAANITAIEYBUYAT WU

Apoptosis wazn15nAfIvasla (Glomerular contraction) 8an31Uu Asganule

o o
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Usan (Mercury: Hg) virlidufivu3ian PT waziiannzladniauainiin3eives
sEUuAAUAY (Immune complex formation) M Aauauedn15svelUsauly

Jaanaz (Nephrotic syndrome) (nwil 4)

» -
- ~
C d'
N o,
...... \””’/l/ "
Glomerular contraction o
e 9
S~
. =
L] [ ~N -
Cell apoptosis Oxidative stress . -
s @
ReshiCy Radioactivity A L
y Hg
B <
p— - s PT cell
Acute kidney injury Immune complex formation /
g 8" " 2
- P
- o
Proximal tubule damage P \CS\\\‘
P
A 7
-
A A
g

A 4 nalnmfler liianisuisiuvedeainnisduialanemiin [21]

unagy

uaiwneenaiianuieadesiulsalifnsosesmatewin wasdulam
AR YN19E15ITUEY NSFUNAaNaN¥N19e1N1AlUTEEEE1IAINTAIHA LT AR
mavieuvedlaliun eGFR wazthluglsalaneszezgaring uafivnsennedidifiny
finulFuesluilagtu ldun PM, NOx, PAHS, CO, Os, BC, SO, Tavewtin uaznisgu
Y (Cigarette) auansy AidsnaliAnwedanmanuduiiviela uazinasie
msvhavedlnananitlugmainlsalaEess kunalnmeniliiansuiad
yosln Msdniau waznsneveswad tlugaimanansalunisnsesveadeianag
vafiwmemaiuindutiadedaaiumadouvesla mnIeuiiisuiuiiadendn
1#un nmglsmumnu uazarudulafings Wudu unanud Fadunissun

=2 v v ¢ a A & LY = ! a Y a & o
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Country Population/ Exposure Outcome Main results/ Main | Conclusion/S
/ Ref. Study Design assessment assessment findings ummary
Belgium | Mother-child BC and PM Relationship ® An increasing of ® Exposed to
[13] pairs (1,484) between air BC and PMg5 PM and BC

Cohort study pollutions every 0.50 and 5 during the
and cord pe/m? entire
blood cystatin corresponded to pregnancy
C (CysQ). significantly may

increases of 0.04 affected
and 0.07 mg/L in newborn
cord blood CysC kidney
levels, function.
respectively.
Sweden | Swedish PM2s, PMio, Association ® Median long-term | ®PMys
[11] population and NOx between air PMy.s exposure exposure
(30,154) pollutions to was 6.20 ug/m®, causes high
Cross-sectional eGFR associated with renal
analysis (Combined high eGFR 1.30% filtration
creatinine and and high serum (early sign
cystatin C) matrix of renal
and renal metalloproteinas injury) and
injury e 2 (MMP-2) associated
biomarkers. concentration with high
7.20%, per 2.03 MMP-2
pg/m?>. (early
® PMo exposure indicator of
was associated renal and

with higher levels
of uric acid, but
not with the

other biomarkers.

cardiovascu
lar

pathology).
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Country Population/ Exposure Outcome Main results/ Main | Conclusion/S
/ Ref. Study Design assessment assessment findings ummary
South Glomerulonephr | PMzs, PMig, The effect of ® PMyo, PMy5, CO " Air
Korea itis patient CO, and NO2 air pollution and NO_ were pollutions
[27] (1,394) levels on significantly exposure
Retrospective renal function associated with was
cohort analysis deterioration an increased risk associated
(RFD) and of RFD, while with renal
eGFR. exposure to PMyg function
and PM; 5 was and
decreased in affected
eGFR. kidney
diseases.
China European PMzs Relationship " PMys ® PMys has
[28] population between concentration not positive
(423,796) PM2s significantly causal
Two-sample exposure and increased the risk effect on
Mendelian infectious of hospitalized urinary tract
randomization diseases. and very severe infection.
(MR) analysis COVID-19.
® PM25 was not
associated with
other infectious
diseases (urinary
tract infection, P
=0.11).
China Wuhan people O3 Association ® | ong-term ® High O3
[29] (2,699) between exposure of an pollution
Cross-sectional long-term increment of could affect
study exposure of 10.95 pg/m> (3- renal
ozone years) Oz was function.
pollution and associated with
eGFR. 2.96 mL/min/1.73
m? decrease in
eGFR.
Belgium | Kidney BC Association of | ® BC was ® BC particle
[13] transplant BC particles accumulated in accumulatio
patients (25) with urinary kidney tissue, n has a
Cross-sectional KIM-1 and interstitium (100 negative
study CysC. %) and tubules potential
(80 %), blood mechanism

vessels and
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Country Population/ Exposure Outcome Main results/ Main | Conclusion/S
/ Ref. Study Design assessment assessment findings ummary
capillaries (40 %), on kidney
and the function.
glomerulus (24 " Urinary KIM-
%). 1 and CysC
show
potential
biomarker
of kidney
injury by
BC.
China CKD patients PMzs, PMio, The ® BC and OM were " The effect
[14] (8,996) PMi, O3, NO,, | association of significantly of PMys
Cohort study SO,, CO, and long-term associated with component
PMzs [with BC, | exposure to eGFR decline. mixture was
NHz*, NO3, air pollutants ® 03, PMyo, NHs" eGFR
S04 and OM] | on CKD and NOs™ were decline,
patient associated with and the
health. higher eGFR. strong
® The combined contributed

PMzs component to OM.
mixture was
associated with
lower eGFR, with
OM contributing
72.40 % of the
negative effect.

® HDL mediated
7.10%, 6.90%,
and 6.10% effects

of O3, BC, and
OM, respectively.
China China Household Estimation of ® Use of solid fuel ® Household
[30] population (646) | solid fuel eGFR from cookstoves were solid fuel
Cross-sectional serum associated with use and
study creatinine to 0.17 mlU/min/1.73 intensity of
assess renal m? higher eGFR, use were
function. and 19% higher associated
prevalence of with
CKD than modestly

o o
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Country Population/ Exposure Outcome Main results/ Main | Conclusion/S
/ Ref. Study Design assessment assessment findings ummary
exclusive clean low kidney
fuel use. function.

Thailand | Rayong oil spill PAHs and Examination ® Most clean-up ® Post-

[18] clean-up volatile of effects of workers (97.60%) exposure of
workers (869) organic ail spill had increasing PAHs and
Longitudinal compounds exposure on levels of white VOCs in
cohort study (VOCs) the blood cells crude oil

haematologic (WBCs), 94.90% change in
al, hepatic, and 87.20% had a haematolog
and renal significantly ical, renal,
profiles. increasing blood and hepatic
urea nitrogen profiles
(BUN) and serum among
creatinine, and workers.
2.42% was high-
decreasing trend
of WBCs.

USA [17] | The National PAHs The effect of ® PAHs exposure ® Exposure to
Health and PAHs was linked with PAHs is
Nutrition exposure to inflammation and associated
Examination serum 25- albuminuria. with
Survey hydroxyvitami ® PAHs exposure inflammatio
(NHANES) n D [25(CH)D], tended to have n and
(5,982) inflammation lower 25(0OH)D, albuminuria
Cross-sectional and and lower , and the
study albuminuria. vitamin D was risk is higher

associated with when

both elevated vitamin D is
serum C-reactive lower.
protein (CRP) and

urinary albumin.

Egypt Aluminum- Heavy metals | The ® This DNA repair ® Aluminum

[19] factory workers (AL, Co, Ni, Cu, | association defect will workers are
(177) Pb, and Cd) in | between increase their at risk of
Retrospective suspended some heavy susceptibility to developing
study PM (SPM) metals in SPM kidney damage. kidney

and kidney ® XPD, KIM-1 and disorders,

damage. clusterin related to
estimation can be the DNA
used as a repair
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Country Population/ Exposure Outcome Main results/ Main | Conclusion/S
/ Ref. Study Design assessment assessment findings ummary
predictor efficiency
biomarker. mechanism
S.
China [8] | China PMys, NO2, Association ® An increasing 0.10 | ® Long-term
population CO, O3, and between mg/m? in CO and exposure to
(80,225) SO, long-term 1 pug/m? in SO, ambient CO
Population- exposure to were positively and SO,
based cohort air pollution associated with were
study and renal CKD, whereas of positively
function. 10 pg/m? in PMys, associated
NO; and O3 with CKD.
concentration
were not
associated with
CKD.
China Mothers — child | PMzs The ® Increasing of ® Prenatal
[31] pairs (8,969) association of every 10 pg/m> of PMzs is
Observational PMz5 on of PM, 5 during associated
study maternal- pregnancy was with
newborns associated with reduced
renal 8.98 ¢ decrease birth weight
function. of birth weight, and
0.49 ml/min/1.73 impaired
m? decrease of renal
GFR, 0.03 mmol/L function,
increase of BUN and renal
level, and 2.29 function
pmol/L increase plays a
of uric acid after partial role
adjusting for the in the
sociodemographic association
covariates. between
PMz5 and
birth
weight.
USA and | CKD patients PAHs An ® Hydroxynaphthal | ® Serially
Canada (618) aassociations ene (NAP) or measured
[32] Prospective of PAHs with hydroxyphenanth urinary
cohort study kidney rene (PHEN) excretion of
function metabolites were PHEN
among
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Country Population/ Exposure Outcome Main results/ Main | Conclusion/S
/ Ref. Study Design assessment assessment findings ummary
children with detected in >99% metabolites
CKD. of samples, with was
NAP was greater associated
than PHEN with
concentrations. increased
® PHEN were eGFR and
associated with reduced
increased eGFR proteinuria,
and reduced BP, and
proteinuria, NGAL of
diastolic BP z- children
score, and NGAL with CKD.
concentrations ® PAHs were
over time. associated
® PAH metabolites with
were consistently increased
associated with KIM-1 and
increased KIM-1 8-OHdG
and 8-OHdG concentrati
concentrations. ons.

USA [33] | Elderly patients | PMasand NO, | Estimation of ® For total kidney ® Long term
(61,097,767) associations and urinary, exposures
Nationwide between air system disease, to higher
longitudinal pollution and hazard ratios levels of air
cohort study the first were 1.07 fora 5 pollution

hospital pg/m? increase in were
admission PMzs and 1.04 for associated
related to a 10 ppb increase with
kidney and in NO. increased
total urinary ® For CKD, hazard risk of a first
system ratios were 1.106 hospital
diseases for a 5 pg/m’ admission
(USD). increase in PMzs related to
and 1.01 for a 10 total kidney
ppb increase in and USD or
NO, CKD, even
at low
pollution
concentrati
ons.
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Country Population/ Exposure Outcome Main results/ Main | Conclusion/S
/ Ref. Study Design assessment assessment findings ummary
China Healthy adults PMzs, 10 Evaluation of ® PMzs has ® Exposure to
[34] (35) metals the significant PMz.5 might
Longitudinal (metalloids) association of association affect renal
cohort study and 16 PAHs. air pollution between function by

and its elevated BUN activating
constituents levels. oxidative
with kidney " High stress
indicators. concentration of pathways,
Pb, Cd, As, Se, Tl in which
and indeno the
(1,2,3-cd) pyrene constituents
(IPY) were might
associated with contribute
0.90, 0.65, 0.29, to the
0.27, 0.26 and associations
0.90 mmol/L

increment of
BUN, respectively.
® Superoxide

dismutase was

positively
associated with
PMzs and
mediated 18.24%
association.
China Elderly people Metals and Evaluation of | ™ Higher urinary Cu ® Urinary Cu
[35] (275) metalloids the concentration concentrati
Cross-sectional associations was associated on was
study of urinary with UACR. strongly
metals and ® UACR was positively
albumin/creat associated with a associated
inine ratio change in urinary with UACR.
(UACR). Cu concentration
with all other
metals and
metalloids
concentration.
Mexico Mothers — child | PMzs Association of | ® Early pregnancy ® Perinatal
[36] pairs (427) PMy5 on PM_5 exposures windows of
human health were associated susceptibilit

o o
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Country Population/ Exposure Outcome Main results/ Main | Conclusion/S
/ Ref. Study Design assessment assessment findings ummary
Retrospective among with higher eGFR y to PMzs
study mothers and in exposure
children. preadolescence. with
® Accumulation of preadolesce
eGFR was nt kidney
decrease to - function
10.36 parameters.
mL/min/1.73?
during the
postnatal
window.
China Chinese PMzs, PMyo, Evaluation of ® Ambient levels of | ® Higher
[37] hospitalized CO, NO3, SO, the transient NO; and SO; ambient
patients (11,293) | and Os effect of air were significantly levels of
Retrospective pollution on associated with NO; are
cohort study the risk of the risk of HA-AKI, associated
hospital- stratified by age, with an
acquired- gender, baseline increased
acute kidney eGFR, AKI risk of HA-
injury (HA-AKI). severity, need for AKl'in
intensive care hospitalized
and season. adults.
Guatem | Male Cigarette Exploring of ® Self-reported ® Smoking
ala [20] agricultural association of smoking revealed status
workers (283) smoking with that smoking should be
Cross-sectional CKD of prevalence is objectively
study unknown underestimated measured
origin (CKDu). in this worker with
population. biomarkers

rather than
self-
reported in
CKD
epidemiolo
gical

research.

Belgium Flemish BC and PM ;5 Evaluation of ® Serum creatinine, | ™ Moderate
[38] population (820) association eGFR, CKD and exposure to

Cross-sectional between air microalbuminuria PMy5 or BC,

study pollutions were correlated renal
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Country Population/ Exposure Outcome Main results/ Main | Conclusion/S
/ Ref. Study Design assessment assessment findings ummary
exposure and in individual function
CKD. participants via was
their residential unrelated
address with to ultrafine
PMz5 and BC, particulate.
using mixed
models
accounting for
address clusters.
Estonia Cancer patients | Oil shale Analysing of ® No significant ® Exposure oil
[39] (58,277) time trends in difference shale has
Retrospective cancer between the not
study incidence rates of other associated
rates in the oil studied cancer with urinary
shale sites like urinary system
industry- bladder, kidney cancer.
affected and breast
areas. cancer,
leukaemia, and
non-Hodgkin’s
lymphoma
between those
living in the
industrialised
areas.
USA [40] | Atherosclerosis PM2s Determination | ™ Each 1-ug/m? ® Exposure to
risk population of relationship higher annual higher
(10,997) between average PMys was annual
Cross-sectional long-term associated with a average
study exposure to significantly PMas
PM25 and higher risk of concentrati
kidney incident CKD. ons was
disease. associated
with a

higher level
of
albuminuria
and higher
risk for
incident
CKD.
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Country/ Population/ Exposure Outcome Main results/ Conclusion/
Ref. Study Design assessment assessment Main findings Summary
China [15] | Rat model Hexafluoropro | Toxicity on ® HFPO-TA was ® Exposure
pylene oxide kidney and its injured renal to HFPO-
trimer acid mechanisms. capsule, change TA can
(HFPO-TA) glomerular lead to
shape and have kidney
a significant damage
impact on the and lipid
protein metabolis
expression m
levels of AQP2, disorders.
p-AQP2 and
PPARQL, and
total
cholesterol (TC)
was obviously
decreased.

China [16] | Mice model PMzs Expression of ® Adipose " PM2s
high mobility differentiation exposure
group related to leads to
nucleosome protein (ADRP) abnormal
binding expression renal
protein 1 kidney after function
(HMGN1) and PMzs exposure, and
KIM-1. and the further

increasing of promotes
SREBP-1 and renal

the declining of injury by
ATGL, indicated disturban
the disorder of ce of
lipid synthesis renal lipid
and lipolysis. metabolis

® HMGN1 and m and

KIM-1 are alter
associated with metabolic
kidney damage profiles.

after PM, s

exposure.
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Country/ Population/ Exposure Outcome Main results/ Conclusion/
Ref. Study Design assessment assessment Main findings Summary

Taiwan Mice model PMzs and The effects of | ™ PAH and " PMys

[41] PAHs PM_5 on mice nitrate-PAH could
renal. analyses are induce

potential oxidative
carcinogens. stress and
® PM_ 5 induced inflammat
inflammatory, ory
antioxidant reactions,
activity influence
downregulation the
, and elevation regulation
of KIM-1 level. of RAS,
and lead
to kidney
injury
marker
level.

Brazil [21] | Rat model Cigarette Characteristics | ™ After exposure " Passive
of kidneys to cigarettes, smoking
after expose rats decrease in causes
to passive inner vascular morpholo
smoking. diameter and gical and

decrease structural
thickness of the changes
vascular tunica in rat
media, and kidneys.
qualitative

increase

collagen

deposition.

Brazil [22] | Rat model Cigarette Characteristics | ™ After exposure ® Passive
of kidneys to cigarette, smoking
after passive rats were lower negatively
inhalation the weight gain, influences
Cigarette lower water renal
smoke. and feed morpholo

intake; gy and
decreased renal glomerula
weight, r filtration
diameter, and rate, with
volume; effects
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Country/ Population/ Exposure Outcome Main results/ Conclusion/
Ref. Study Design assessment assessment Main findings Summary
reduction in similar to
cortical those
thickness and described
glomerular in the
volume density; literature
decrease in regarding
glomerular and active
capsular smoking.
diameter;
increase in
mesangial
density;
decreased urine
volume;
increased levels
of glucose,
serum
creatinine and
microalbuminur
ia; decreased
urinary
creatinine
levels and
creatinine
clearance rate.
Lebanon Mice model Chronic Pathophysiolo | ™ CS-exposed ® Both
[23] Cigarette gical mice showed a male and
smoking (CS) responses of more female
mice after pronounced mice are
exposed to fibrotic prone to
Cigarette. deposition, Cs-
inflammation, induced
and kidney
glomerulotubul damage
ar damage with
profile. pronounc
® CS-exposed ed
males showed female
a significant protectio
decrease in n due to
Bowman's a milder
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tubular
diameter
consistent with
an
endocrinization
pattern of
chronic tubular
atrophy,
suggestive of an
advanced stage
of
glomerulotubul
ar damage.
CS-exposed
female group,
dis-played
glomerular
hypertrophy
with a mild
tubular
dilatation
profile
suggestive of an
early stage of
glomerulotubul
ar damage that
generally
precedes
collapse.

Country/ Population/ Exposure Outcome Main results/ Conclusion/
Ref. Study Design assessment assessment Main findings Summary
space along damage
with reduced slope.

Msa1sAMTlanInedans UN 26 2

o o

YUN 1 UNIAY - :ﬁqmau 2569




Advanced Science Journal, Vol. 26 No. 1, January - June 2026

LONE1591999

1.

10.

Jadoul M, Aoun M, Imani MM. The major global burden of chronic kidney disease.
Lancet Glob Health. 2024 Mar;12(3):e342-3. doi:10.1016/52214-109X(24)00050-0
Ammirati AL. Chronic kidney disease. Rev Assoc Médica Bras (1992). 2020 Jan
13;66(Suppl 1):s03-9. doi:10.1590/1806-9282.66.51.3

WHO. Ambient (outdoor) air pollution 2022 [Internet]. [Cited 2024 Sep 8]. Available
from: https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-
quality-and-health

Wathanavasin W, Banjongjit A, Phannajit J, Eiam- Ong S, Susantitaphong P.
Association of fine particulate matter (PM2.5) exposure and chronic kidney disease
outcomes: a systematic review and meta-analysis. Sci Rep. 2024 Jan 10;14(1):1048.
doi: 10.1038/s41598-024-51554-1

Tunsaringkarn T, Prueksasit T, Morknoy D, Semathong S, Rungsiyothin A, Zapaung
K. Seasonal and spatial variation of ambient air volatile organic compounds in
Pathumwan district, Bangkok, Thailand. J Health Res. 2015 Jan;29(2):135-142.
Keswani A, Akselrod H, Anenberg SC. Health and clinical impacts of air pollution
and linkages with climate change. NEJM Evid. 2022 Jun 15;1(7):EVIDra2200068.
doi:10.1056/EVIDra2200068

Popoola LT, Adebanjo SA, Adeoye BK. Assessment of atmospheric particulate
matter and heavy metals: a critical review. Int J Environ Sci Technol. 2018
May;15:935-48. doi:10.1007/s13762-017-1454-4

Li S, Meng Q, Laba C, Guan H, Wang Z, Pan Y, et al. Associations between long-
term exposure to ambient air pollution and renal function in Southwest China:
The China Multi- Ethnic Cohort (CMEC) study. Ecotoxicol Environ Saf 2022 Sep
1,242:113851. doi:10.1016/j.ecoenv.2022.113851

Mallamaci F, Tripepi G. Risk factors of chronic kidney disease progression: between
old and new concepts. J Clin Med. 2024 Jan 24;13(3):678.doi:10.3390/jcm
13030678

Ministry of Public Health. The number of chronic kidney disease patients in

hospital: Stage: Financial year 2024 [Internet]. [Cited 2024 Nov 4]. Available from:

Myansinviulaningrrmans U 26 adui 1 unsiau - Tguieu 2569 n



Advanced Science Journal, Vol. 26 No. 1, January - June 2026

11.

12.

13.

14.

15.

16.

17.

18.

https://udn.hdc.moph.go.th/hdc/reports/report.php?source=pformated/format1.
php&cat id=e71a73a77b1474e63b71bccf727009ce&id=5d523ceddc9569123109f
a6fd071d35f

Kilbo Edlund K, Xu Y, Andersson EM, Christensson A, Dehlin M, Forsblad-d’Elia H,
et al. Long-term ambient air pollution exposure and renal function and biomarkers
of renal disease. Environ Health. 2024 Aug 9;23(1):67. doi:10.1186/512940-024-
01108-9

Rasking L, Van Pee T, Vangeneugden M, Renaers E, Wang C, Penders J, et al.
Newborn glomerular function and gestational particulate air pollution.
EBioMedicine. 2024 Sep;107:105253. doi:10.1016/j.ebiom.2024.105253

Rasking L, Koshy P, Bongaerts E, Bové H, Ameloot M, Plusquin M, et al. Ambient
black carbon reaches the kidneys. Environ Int. 2023 Jul;177:107997. doi:10.1016/
j.envint.2023.107997.

Wen F, Xie Y, Li B, Li P, Qi H, Zhang F, et al. Combined effects of ambient air
pollution and PM2.5 components on renal function and the potential mediation
effects of metabolic risk factors in China. Ecotoxicol Environ Saf. 2023 Jul
1;259:115039. doi:10.1016/j.ecoenv.2023.115039

Mao P, Zhang X, Qian M, Wang Q, Yang Y, Gao Y, et al. Transcriptomics-based
analysis reveals hexafluoropropylene oxide trimer acid (HFPO-TA) induced kidney
damage and lipid metabolism disorders in SD rats. Ecotoxicol Environ Saf. 2024
Sep 15;283:116951. doi:10.1016/j.ecoenv.2024.116951

Jiang Y, PengY, Yang X, Yu J, Yu F, Yuan J, et al. PM2.5 exposure aggravates kidney
damage by facilitating the lipid metabolism disorder in diabetic mice. Peer) 2023
Sep 1;11:e15856. doi:10.7717/peerj.15856

Kadry AM, Lin Y-S, Caffrey JL, Sonawane B. Vitamin D status in relation to
inflammatory risk and albuminuria associated with polycyclic aromatic
hydrocarbon exposure in the US population. Arch Environ Occup Health.
2023;78(2):88-97. doi:10.1080/19338244.2022.2090890

Owusu BA, Lim A, Pongsiri N, Intawong C, Rheanpumikankit S, Suksri S, et al. Latent

trajectories of haematological, hepatic, and renal profiles after oil spill exposure: A

Msasmaviulanineamans I 26 aduil 1 unsiax - Tguiey 2569



Advanced Science Journal, Vol. 26 No. 1, January - June 2026

19.

20.

21.

22.

23.

24.

25.

longitudinal analysis. Int J Environ Res Public Health. 2023 Feb 6;20(4):2871.
doi:10.3390/ijerph20042871.

Moubarz G, Mohammed AMF, Saleh IA, Shahy EM, Helmy MA. Nephrotoxic effect
of heavy metals and the role of DNA repair gene among secondary aluminum
smelter workers. Environ Sci Pollut Res. 2022 Mar;30(1):29814-23. doi:10.1007/
$11356-022-24270-4

Butler-Dawson J, Barnoya J, Brindley S, Krisher L, Fan W, Asensio C, et al. Cross-
sectional study examining the accuracy of self- reported smoking status as
compared to urinary cotinine levels among workers at risk for chronic kidney
disease of unknown origin in Guatemala. BMJ Open. 2021 Oct 25;11(10).e050374.
doi:10.1136/bmjopen-2021-050374

Moraes CA de, Thal BVN, Bannwart JV, Jacomini RA, Breda-Stella M, Carvalho CAF.
Impact of passive smoking on renal vascular morphology. Einstein (Sdo Paulo).
2022 Jul 25;20:eA00011. doi:10.31744/einstein_journal/2022A00011

Alberto de Moraes C, Breda-Stella M, Fabrega Carvalho CA. Morphofunctional
study on the effects of passive smoking in kidneys of rats. Einstein (Sao
Paulo). 2021 Nov 3;19: eAO6000. doi:10.31744/einstein_journal/2021A06000
Kaplan A, Abidi E, Habeichi NJ, Ghali R, Alawasi H, Fakih C, et al. Gender-biased
kidney damage in mice following exposure to tobacco cigarette smoke: More
protection in premenopausal females. Physiol Rep. 2020 Jan;8(2).e14339.
doi:10.14814/phy2.14339..

Thetkathuek A, Kongsombatsuk M, Nakyai T, Polyong CP. Urinary level of 1, 2-
dichloroethane and its effects on blood biochemical markers among outdoor
workers exposed to air pollution in Thailand. Narra J. 2024 Dec;4(3):e1055.
doi:10.52225/narra.v4i3.1055

Shubham S, Kumar M, Sarma DK, Kumawat M, Verma V, Samartha RM, et al. Role
of air pollution in chronic kidney disease: an update on evidence, mechanisms
and mitigation strategies. Int Arch Occup Environ Health. 2022 Jul;95(5):897-908.
doi:10.1007/500420-021-01808-6.

N3asiviulanine mans U9 26 aduil 1 unsiau - Tguigu 2569



Advanced Science Journal, Vol. 26 No. 1, January - June 2026

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chen Y, Cao F, Xiao JP, Fang XY, Wang XR, Ding LH, et al. Emerging role of air
pollution in chronic kidney disease. Environ Sci Pollut Res Int. 2021
Oct;28(38):52610-24. doi:10.1007/511356-021-16031-6

YiJ, Kim SH, Lee H, Chin HJ, Park JY, Jung J, et al. Air quality and kidney health:
Assessing the effects of PM;q, PM, 5, CO, and NO, on renal function in primary
glomerulonephritis.  Ecotoxicol Environ 2024 Aug;281:116593. doi:10.1016/
j.ecoenv.2024.116593

Zeng Y, Pang K, Cao S, Lin G, Tang J. Causal relationship between particulate
matter 2.5 and infectious diseases: A two-sample mendelian randomization study.
Heliyon . 2023 Dec 8;10(1):e23412. doi:10.1016/j.heliyon.2023.e23412

Peng S, Chen B, Li Z, Sun J, Liu F, Yin X, et al. Ambient ozone pollution impairs
glucose homeostasis and contributes to renal function decline: Population-based
evidence. Ecotoxicol Environ Saf. 2024 Jan 1,269:115803. doi:10.1016/j.ecoenv.
2023.115803.

Kanagasabai T, Carter E, Yan L, Chan Q, Elliott P, Ezzati M, et al. Cross-sectional
study of household solid fuel use and renal function in older adults in China.
Environ Res . 2023 Feb 15;219:115117. doi:10.1016/j.envres.2022.115117

Xie G, Wang R, Yang W, Sun L, Xu M, Zhang B, et al. Associations among prenatal
PM2.5, birth weight, and renal function. Chemosphere. 2022 Aug;301:134668.
doi:10.1016/j.chemosphere.2022.134668

Jacobson MH, Wu'Y, Liu M, Kannan K, Lee S, Ma J, et al. Urinary polycyclic aromatic
hydrocarbons in a longitudinal cohort of children with CKD: a case of reverse
causation? Kidney360. 2022 Mar 29;3(6):1011-20. doi:10.34067/KID.0000892022
Lee W, Wu X, Heo S, Fong KC, Son J-Y, Sabath MB, et al. Associations between
long term air pollution exposure and first hospital admission for kidney and total
urinary system diseases in the US Medicare population: nationwide longitudinal
cohort study. BMJ Med. 2022 Apr 12;1(1):e000009. doi:10.1136/bmjmed-2021-
000009. PMID: 36936557, PMCID: PMC10012859

Peng S, Lu T, LiuY, Li Z, Liu F, Sun J, et al. Short-term exposure to fine particulate

matter and its constituents may affect renal function via oxidative stress: A

Msasmaviulanineamans I 26 aduil 1 unsiax - Tguiey 2569



Advanced Science Journal, Vol. 26 No. 1, January - June 2026

35.

36.

37.

38.

39.

40.

a41.

longitudinal panel study. Chemosphere. 2022 Apr;293:133570. doi:10.1016/
j.chemosphere.2022.133570.

Li A, Zhao J, Liu L, Mei Y, Zhou Q, Zhao M, et al. Association of metals and
metalloids with urinary albumin/creatinine ratio: evidence from a cross-sectional
study among elderly in Beijing. Front Public Health. 2022 Mar 31;10:832079.
doi:10.3389/fpubh.2022.832079.

Rosa MU, Politis MD, Tamayo-Ortiz M, Colicino E, Pantic |, Estrada-Gutierrez G, et al.
Critical windows of perinatal particulate matter ( PM,  5) exposure and
preadolescent kidney function. Environ Res. 2022 Mar,204(Pt B):112062.
doi:10.1016/j.envres.2021.112062

He P, Chen R, Zhou L, Li Y, Su L, Dong J, et al. Higher ambient nitrogen dioxide is
associated with an elevated risk of hospital-acquired acute kidney injury. Clin
Kidney J . 2021 Sep 7;15(1):95-100. doi:10.1093/ckj/sfab164

Feng YM, Thijs L, Zhang ZY, Bijnens EM, Yang WY, Wei FF, et al. Glomerular function
in relation to fine airborne particulate matter in a representative population
sample. Sci Rep. 2021 Jul 19;11(1):14646. doi:10.1038/541598-021-94136-1

Idavain J, Lang K, Tomasova J, Lang A, Orru H. Cancer incidence trends in the oil
shale industrial region in Estonia. Int J Environ Res Public Health. 2020 May
28;17(11):3833. doi:10.3390/jjerph 17113833

Blum MF, Surapaneni A, Stewart JD, Liao D, Yanosky JD, Whitsel EA, et al.
Particulate matter and albuminuria, glomerular filtration rate, and incident CKD.
Clin J Am Soc Nephrol. 2020 Mar 6;15(3):311-9. doi:10.2215/CJN.08350719

Yuan G5, Lai C-S, Chang-Chien G-P, Tseng Y-L, Cheng F-J. Kidney damage induced
by repeated fine particulate matter exposure: Effects of different components. Sci

Total Environ. 2022 Nov 15;847:157528. doi:10.1016/j.scitotenv.2022.157528

Myansinviulaningrrmans U 26 adui 1 unsiau - Tguieu 2569



