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W71 g3} d=stoly Xwje] o upolewtA b ABA

A vARAPM} FHMnE EFE Br1ed =F FEol dxskely
2ol Feol 71uk wpo] 9 wlA ol Zol= WEH Amyloid beta, ARt Z21Aks)

E}-$- w4 (Phosphorylated tau protein, pTauw)d &=2Z o] wX& AT AyHH

g Jluk whelowtAel WMeh M FEANA W olojAuA wAENE
LS EERIES

AFHE: ¥ O TE Qul, ey, HEFS TIW A4 A8l gl
w504 o4l Aelg tpew s d@uF AgAE Vi nEE FAE AT

WA sl rled =& T 4R Aol 10um o] &kl Al A (PMy),
25um ©]3kl =1 A A (PMs) 9t PMyg W Mnjg, PMas W Mngs AR & AHE-3F3A T
ol A9 trjed MEHS F& e PM = % PM Ul Mn % A5
ol 7|Wtew Xt RAHS FPste] 753 AP dAFF TP 5 EIs
7Rk 2 o FH . dz=steln Awje] dof nlolewir= dA Wl AR42, ARA40,
pTau &% ¥=¢ 1 H&(ABR42/AB40 ratio, pTau/AB42 ratio)S AF&3FA
d7led =3 dxstolw Aol A wiolewtA b A kst MY
X 9 (Generalized linear model) S A}-&3}] Aoy #

fa]ld dietey di7|ed w=F3 o FxH7|eA Wzt 3 ddde 4
bro] QwutAZE  wx= g¥e]  oigk w7 A (Causal mediation analysis)S

Saek sl

4
1%

A3 B Aol F 3709 AT didAvE Ak oidAte] A9 PMas
Y& $% 1 pg/m® Z7ME AB42/AB40 ratio®t wowd g uaAE Hgon
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(B=-0.002; SE=0.001; p=0.014), Mnys &%=° 1 ug/m® S7k= pTau (B=0.026;
SE=0.013; p=0.039) % pTau/AB42 ratio ($=0.019; SE=0.009; p=0.040)°} %<
HRRAE wth U109 =B A 9D T L ABALAA 1 Aol
ol gxstolW Avjel Fel mpeleriAz WAL AW Eael tEAE U

Fold Awnyge Fastgot, WAEste 27 ARH Aow Felsgnh

wEE AW Fzdfoln] Auje] F& volerviAs Wz URE Fovs

dlZstglom, ot gxsteln Aule] WA Aol Y&e AAFTL

IHHE @ dried, vAA, B3 d=stolv Au), opdRol= wE, F14kst

- vii -



1.1, 4+ 973 % 284

1.1.1. X
Avje AARNYYAE F 1Y JEAA AB F U=, 10FNE I
o A7 AN QPTG AAYT FANE A FUE TIATHAD
ABAGI, 202D, ANTAYANE A NYY HAg Te AT A% Fo
2 Qste] 7198, dolsE, Ade, Bay % 95 5o s5ol AsPoRH
GRABAN AGE ZAGE FAAL Gy GHRAARAY A2 ALD), A
= RS

Aol = ohekdk del Aslo] 9lov} d=3zlo] v H (Alzheimer disease)o] A Zﬂ A
o 60770% 2 AT tE Fo Yoo g dRA v, FoliA Av, AF=
A A, A& A so] ATHWHO, 2017).

A= vhFe 1A 9 dure] AA FEgFS A= Ao, Auf A E=
Auj 7 Al HE FAE AR AA7]s HrvE FaAEnh e g AAA A
3] Ag, Y A3 e ® 27] 2 F7]d 9% = A7 Yol Adolst]

[e)

s ¥ 71 d

ol AAAY A= A wf ek o FERE ofy e} ohekelk Al Agte] 7z
of AbgE F e AWAR A7 Gl I B £FE. oy HrF QG
Hol= FE TFH 7Y, Aoy, At 59, 24 A4 9, JA7E, FHA
sol E3H

Aol §HES A AARew FEabo] 20199 5740% WoelA 20504 °F 19 5
Ak oz Z7tst Aoz FAFT(GBD 2019 Dementia Forecasting Collaborators.,
2022). 538 = A9 A= 654 ol FAA AL 2018 oF THREEE ol A v
dooF 59k | FUFEta e FAlolw, 2019 ¢F 799k wEel Al 2070\ 334%F o

2, °F 36 7t 271 Aem
Az Qg AR A A HH

O-

_%_
A= k(o] A= et al., 2024).
& Agetn) 2023 71E 654 ol X w3zt Al
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1.1.2. ¢=3lo)m X uje] Hlo] @ m}A

[

stolw] Amje A wiolewAE FE P HHFAE F
AWl 7] e, 7 A A 4 2 A5 FGrld 8% A%
ufsks] 2011). TheFsh Mad el mEw, dxslolmHe] FQ nlojontARE oY
2ol= WE-42 (Amyloid beta-42, AB42), & E}-$-(Total tau, t-Tau), 12+3} ERS-
(Phosphorylated tau, pTau) &©¢] X%, o]g|st nlo]enlAE AWl Wegy A
BE wkrgsty, AW & s FAste U 8% A= ZE-¥ v (Therriault
et al., 2024).

e,

[0

ofd2ol= el HEFO]=(AR)E WEHB-) ¥ #Ark(y-) wHlEad o WiE o
wzol ol 2ol HAFA A (Amyloid precursor protein, APP)e] whulz Egj
3 o 3

S AAE Mg oldzol= W e} HHHE A

k)
o

o
OHH

ol

o Xuf 2 7] He A 27 54 Ol RO RN gRlEn, dxstoln v M
W =232 I3 Adste] 7 &3 X vje] FEjo]tH(Chen et al., 2017).

= ¢ EO}O]‘H Aol 7] GAA Mol FAH= Aow dHA don, A

£ 7MEstete Ao 2 HiaEglth(Abanto et

, 2024). pTaut *17:‘/\1]4 LH ERg- Tl o] m]Ag ARl MY S REgste] ¢x3tol

”1 Aol WA deHE detlleE Aoz iy 9d FAY A5dE =2 A8 #

A& Holi= A 3Eo]th(Schindler et al., 2024). 53], AB42/40 W] &3} pTau/AB42 Y&

< dxstol Aol &S O FgetA A5 F U= AXE AFEEHT, AB42/40

Hl &o] 723 A Y (Green et al., 2023), pTau/AB42 H]&°] F7}84=E (Apostolova et
al., 2010) ¢=stolm Auj Wy ThsAdo] Eopxlths A4 A7t B uE AT

=

olelg B AA wolertA AT dxstoln] e Wel A4S o W
FHE 5 A 78S AFs, RN AR AFS ARsE dlE Fad A
T ogom Pgsty gtk
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1.14. A7l e d3 &=3tojn v 7+ A3

oX,

Zraxy A5 UK vpolewla & v=3t fHe] diqfe A3 2%

7129 w=Fol W& ¥ MRI A& i 73 3 o 4 574 34, 1e
a1 FHd ¥W 7 9 A3t B HChen et al, 2015; Casanova et al.,
2016; Wilker et al., 2016; Power et al., 2018; Gale et al.,, 2020; Crous—-Bou et al.,
2020). 3 2V AWUA = F7he AWy ARQIAF Y] f1¥E ST AL, AR
g wgle] A TY AAE VMEdde A 23 w3 B uH v (Chen et al
2017; Tzivian et al. 2016).

TU ATE e @ AToAE, Seuel A9As A dgE msEd
EPINEF 7oA vlAA, 2ol olstds, tahggsasrss w5 3
bl mE o WA FA gast wamE ok gon, Ae) @z wmFo] oy ¥z
So op7IE s Adx BEuHJAHCho et al, 2020; Woo et al., 2023).
H71e9 =Fo] d=stoln A FA A f5S L &
7h AmizE = AdRlel A7 AR olold ¢ &S AlAeE
t}HCho et al., 2023).

=

fei3
=

H girlede] AAEAd g A= vl AESH EFQ ATN Zd<
ﬂ((A)O}‘j‘io]‘: W - (WA B - NAE Ha)E wrgste] o4 dA oA
oA A GAlo 2HE wFErE AFE 3 E0] &7l v (Hampel et al, 2021). ©]
2] & °~°ﬂ upbet m A H A S Aﬁ ‘3% Tau %4 7+ A3 gk o2 A4 4

o

ALFA (Alzhelmer and Farmhes) 3

AAH o= AZe 4 15685
o2 FPE ATFNME vAUA =E3 T AB42/AB40 ratio ¥ pTau % 7ol

frojm et Aado] glASs Bl o™ (Alemany et al, 2021), o] ¢F frAFsHA <14
Koz A AJ 11318 qo=z F3¥ CABLE (Chinese Alzheimer’s
Biomarker and Lifestyle) ¥7-o]A & PM252 w=3o] W& $59 2 Fo Y AR
429 AB42/AB40 ratio 18] =2 59 pTauw/AB42 ratio ol Fovgh AHAAHS
Fletdes Easdv(Ma et al, 2023).

olol= thxHo=E, GEMS (Ginkgo Evaluation of Memory study) -] W=
PM »=%9°] &% AB40, ABR42 ¥ AB42/AB40 ratiod =& X9 ATl A=
o7 Hu¥E o (Hajat et al, 2023), EHBS (Emory Healthy Brain Study) ¢3--ol
2w 19 7 PM25el =E5HE 22 HHFY U AR sE7F fgAaEHE A

e =2 . 8



o2 HaE A (Casey

A2k pTau ¥ pTauw/AR42 ratio®}

et al., 2024).

%

)

L

2l 9 =9

ATN =

21

3

AlFd ol e

—(:sl.

L
R

[
R

177 ool 2

=
fLE



Hr

B!

it
&

N
H

BB
o

B

.6U
e

o

% ZHMn

w] Al 2] (PM) 2}

A 34 7}

Aol M=

=

LR

& ol
= 71

E R E

o)
=

X

dzol= HE % e

} o}

Be =

ofdzol= g E

¢

£

ul
=

Hdoll A @4 ofEZol= ulE



Tl

=0

=K

A7 A=

2.1.

3™, Environmental-Pollution-Induced

7lHto 2

Neurological EFfects (EPINEF) ¢1-¢] do] g

A gste] 5w 91Tk
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o
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T
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ze)
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)
ToH
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el
N
£

A
~

sE A=, A, 3%
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2 Aol

20143 8¥YF¥ 20184 397+A S8
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719 ZAF 717
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¥ Z7]F " 94 (Magnetic resonance imaging, MR #

ALe} A &A1 73 A 8] A AHSeoul Neuropsychological screening battery, SNSB)E %3}

74

iA1=
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E (Neuroimaging I3 E)E TA3
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AT P

EoAgE 20149 8YFE 20189 3€7bA| 9] 7|¥F ZA} F<F EPINEF # s Eof A
Fo2 A A Ak 37759 FolA vy 2 21S 7HE g A= A9
= Aok
1. Neuroimaging &t$¢] TS Eol & Fs}R| %= A=t
2. g=slolw] Auj nlo] Qw7 Q1S 93 FA HALE A e At
3. 7 ZHHs] Boy 58 ASXH Ut EA8E A

gl% 43; 3701:10] HM r/H)xl—;(].i /\%245] 1:}(1% 1).

EPINEF I3 E Q1A%
(N = 3,775)

Neuroimaging 3¢ Z 3 E 3|3 3=
(N =2,627)

bz stolv] vl upo v Wel A 5 AR
(N =2371)

7 SYuselA o T
S22} EAGE AR
N=1

HZ AT d2A
(N = 370)

I T o i R B



Bt 7] edEAe A% AR u WA (PMy, PMys) 9t 7+ ml AR ] %
& EFAT A AFA e AT FE F4S 98 o
T 7109 RS FAsA, o] ARE Vwon odF Rgs THGTL

¥ ATE B/1edBae) A B4R vAWNAPM, PMys) 2 7 vAWMA
WM, M) & EFSHATh B AFA Jne] Agit 5w
A

71 T W7IedEd s SAS, o ARE VHter o=

3 HAZ, EPINEF Z3SE dF i A FeA 20169 7HS4-H 2017Lﬂ o 5714
ZF 4293] 7] A4 & a3 Ao A PMyot PMose 4297 3= 7, Mrho
2 36170, Mnosi= 34670 #= =5 R0 PMypd PMys S4o= 045 71+
7](pore size)e] &% AE=Z 2 ®H 2 (Mixed Cellulose Ester, MCE) Z €7} &%
Yy E5% ¥7] A= (Model No. 4.1 Airmetrics Co., USA)7} AF&EHA oW A
AZ 2-7 L/min 302 207 7tol] 24 35 ok

[>
g

ag 2. vAEA =4 77
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T AR 9o t7] A= A8E Juter T3 mdgSs F8ste] 7F gy ey
Ed ds] AdE F I3 G5 BYS FHFIAT REE HAHoA 4 29 E
| °of AdA wWats Mdwsly] flstd AYH 9 v)EdH AmE SFsAT
PMo# PMos= 2 #5 A <Al 91X FASA% di7|ed BUE A85E
AbgEte] A" BAS Fsto gy 2014972017 ek Aldd Agd vx g
2YS 5, Mne? Mngsell HisiAl= 20161720170 sk Aldd A+t
TR dF BRYES S5

T CE 2P gi7]9d dstd e dE Ryos FHHsA AHEEE AAd

23

o
2> ¥

S
-

(Krigging) 23S o]&3] F+=539ch Z8A Z(Mean structure) ¢t
B2 Z(Variance  structure) 2 74 ¥ M (Keller et al. 2016, Kim et al. 2017,
Sampson et al 2013), o] & FA o2 Yedd v Zo(2d 3).

PM = Mean structue + Variance structure
Y(s) = By + P1Xi(s) + +5,X,(s) + B3 X5(s) + &(s)

e(s) ~N(0,2(¢, 02, 72))

a9 3. A 2y 74 2 54

Hy F2= 32079 A "Wl tis] HE# AR (Partial least square)S ©]
&3 AeE AFe AAE ASAAK,, Xy X2 EF3AI, o F0Ae] e
FEHaxsH Aol wzak #JA4 (35 Leave-One-Out cross validation; reference)
A5 o] &3k

A ERE A AHRAAE Hrkske wlgo]l 19 (Variogram)S E38l (D3t ©
ol ZHAE A, ()F3F el R ) F7 WolE YEhlE 379 2E(P, o 1)
2 FASEY. =EdE2de] H7eE Wz A A (Cross—validation) A4 B A &< 3
T AF 2xH(Mean square error)9t ZAAF(R)S o] &3tk

_’I’I_



E L AERE oS mde) 4%

Air pollutants Spring Summer Fall Winter
PM;o 55% 28% 58% 68%
PM:s 51% 21% 32% 69%
Mny 85% 42% 31% 38%
Mnzs 65% 46% 49% 28%

Abbreviations. PM: Particulate matter;, PM ;> PM < 10 um in aerodynamic
diameter;, PM>5> PM < 25 um in aerodynamic diameter; Mn' Manganese,
Mnyy' Mn < 10 um Iin aerodynamic diameter; Mnss- Mn < 25 um In
aerodynamic diameter;

_12_



24. 8% ofd =2ol= HE H B &

& =3loln Xuje] A H]—O] onARE, 3 W AB40, AB42, pTau, AB42/AB40
ratio, pTau/AB42 ratio®] & 5714 A X A&5E A3

Hlol e mbA S gk N HANE HA 1243 oo 52 o]F FE AJE A
Rom, = A WY AW (Enzyme-linked immunosorbent assay,
ELISA) & 3styel &d #x 8] (Single molecule array, SIMOA) 7]<0°] &4
SIOMA 7]E (Human Neurology 3-Plex A Assay Services (AB40, AB42, Tau),
prismCDX) & Ab&3to] A E A SIMOAE 71¥2 ELISA W2lolM ¢ 2w
Sandwich ELISA 2o =24 Ap42¢] thalld = <F 14008}, Tauol thaiA= <F
3,000 O ®zHek SAS 7R FHE A Alme o]l entA] HolH o AlE A3
SF5AS BAS] 9 JdA EA By 2xS 2 =94 232 (Seoul Clinical
Laboratory, Co., Ltd., Seoul, Korea)ol| A 2] =]t}

4
it

Jo X
N

A\

™
ﬂﬁo_u

(

AB40, AB42, pTau =& @A nlojonrvto g d=x3dlolH
2= 2 ou 7t AAIRE AR429] A vhE HAA ¥ H S

Hag v vk wepA gzstolw Xuje] wWeElshd 5A4& Hot
AB40%} pTaue ZFS &-83le] AR42/ABR40 ratio®t pTau/AB42 ratio
AB4A2/ABA0 ratior= AB42 HEE ABR4) FHLEE o]l AEF go

ﬂiﬂ?% dz=sfoln] Auj WA FEo] Frtsk= A ovstt pTau/AR42
ratio= pTau TEE ABR42 T2 7o) &3 oz F7Mad4E dxsloln X
=7t

B gEel BARE A2 ong

o
=

ut

N

Y
[

o o oy
o

o
S
>
oo o
o
@
iu)

ut
it
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25. t= 92 F7

2 A gdAte] ¥ MRI #9 dHelHE 7]uk
e 9d FA ARE FHsA Tt e 9d FA=
Aol F e AREAHN, B AFoA A&d Aa5e A 99 (region-of-interest,
ROD 7]¥F A& A &3t /WA =7+ Zﬂz—i% ZIdto 2 R g g i 93
W "WHl(mesh)E AT dA 9 (Global (Frontal, Parietal, Temporal,
Occipital, Cingulate, Insula 999 A H)), A+ (Frontal), 7744 (Parietal), =

9 (Temporal), %% (Occipital), ™43](Cingulate), 4 (Insula)e] & 67] <ol
gk 9d FAE gQlaioen, e g9 Aot ekt 9 FAAe] He
= AbEete] ARESEA

¥ MRI % li= Philips 3.0-Tesl Achieva MRI 27 7]17]7} AL&-=%low, 3%
9 T1 A3} HAAE S AFESte] A4S At 2 dAFoA AF&E MRI 2704 94+
ui/lE = % 27 29 (Cho et al., 2020).

)
1 o
fr
_o|L‘
2
=)
=
o
)
lo

©> 4

o W
M o

i

o 1@

¥ 2. MRI =71y 97 wi7f H<

Parameter Value
HEE AT 1,900 ms
of = Azt 2.93 ms
9 4= 8°
4 g 9% 170 Hx/pixel
EY X 7] 256 x 208
Al oFzt 256 mm
7] 4 (NEX) 1, total acquisition
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2 AT o] AAAGAA EU A5E Ve R 7 gidRte] Q1A 9
AR A Tleed did AsE TR, ABAYHAA B EeE AEAEA
2] 1A} A2 (Seoul Neuropsychological Screening Battery 2™ Edition, SNSB-II, #
Bl 7F A A E AT

SNSB-I= Al B7kg HHem selA Add, 4 A58 Brhehs
Ar TP EHI} A wgks], 2020), 109 W 5<2te] SNSB AS A @7 &4 413
A WskE vk g s wolth. SNSB-II= 59| % (Attention), o] 3 219 ¥4
H 7]5(Language & Related Functions), Al &%t 7]°5(Visuospatioal Functions), 7]¢]
& (Memory), A5%9 / #3375 (Frontal/Executive Functions) % 7]EF A % (Other
Index)®] 14 FA9S H7lstes AR A= Atk ol& FAs e 3L T &
Ao EAl 23HE HAF 5 o 2ok

-BNTE= ol oz wjdyd F 605 2oz FAHE HAALZ, AAE 1
S T geoe=H i o5 7] (Naming) &3-S 7o

@ Rey 53 %3 AHRey complex figure test, RCFT)
RCFTE= Folxl =92 adi= wel 24 st a3 4 o35 #7ksd. &=
gk 3 2= dis] Abd B glol 2 3 R A IS Aldste] A7
719 T89S Hrhgt

Q@ A &AofskFHA-=218(Seoul verbal learning test-elderly’s version, SVLT-E)
SVLT-E+ WA elAl 1270 dols 52 EelE §, 54 34, Ad 34,
ARl AALE AAlste] dolA g3 719 S Hrigt

@ 74 #AHControlled oral word association test, COWAT)
SNSB-IIE *Aste= 34 HAAE Benton(1968)0] ol&] Hx= Algd COWAT
< Ul ‘”71] Qe Ao2 WHE §FEFAY 22 34 AAER FEEnh
SAAAF B 1R Al AF st 54 WF 9 22 23 ke do] 2

- r

4 FA AdEE gz g oA

Jm Ha
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® =2+ 7133} 31 AHDigit symbol coding, DSC)
DSCE A9 715 7Moe 2 =25 g 7129 w27 AN =S g AL
2, 72 20A AP &£x, AZA Q1A Fo99, 2 7198ES F4sk= Aol

® = =28 715 9l7] HAHKorean-trail making test—elderly version,
K-TMT-E)
K-TMT-E+ A7t 798, Azt &4 A48 Ae £5, 2Z4)7]e, 54 58 &
< Bt & ?H—oﬂﬁ AbgE AL part Bel dldats Harls B dEo
2, At 227F 4o o] XA KA AA dS 58 HIF so] £
=t

KX
=

o o}: AR A}

Z
rr

(Korean-montreal cognitive assessment, K-MoC Wl =
ZRog My Aow Aol §AA AA, FAE AlmE HAA} thokst oy

3y !
g ¥xggstz Uk = ko] Al AH AAHKorean-mini-mental  state
examination, K-MMSE)&= A& AEsl7] 9gr HH o=z QoA d A&y

i glen, HAF &8 Alzbo] 20 ez FHoe %78% 7H T
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2.7.

o

W

B Aol AbEE e ES A AR Wt A% FEA e 2
Fotel ARgstAT dAbEeHY W= AW, A9, WS FEeR Fedr, 14
YA Hes 9 % 55 ), A EAS, 18 2 dud 283, ApoE-e4
(Apolipoprotein E e4) F3d#4% ®Hf ol F2 -3ttt

ATALE A Wpoll A A2 G ojdow PR CH, s FES 74
el HF dEE VleeR HE 74 uS d5-E ARSsiaith

17 A WA Fd Al AEANE v oR vEFda, dAdE I
ot #Alel= v9A e A FAA dA FAAR FEsked, &5 "=
AEx2A BA A &5 AFE VIEeR HEFAe eFAR FEsdv. AdF
Aol Ag A AS ARAT R S &Este] e fgoem, AATA85

H
=
FHE A S B2 Aol deAE VeLr 7

Aol wia] s, vsidoew
H

/|
2ekgith, ApoE-ed FA4Y Bf olRE ofEA A

T W = (Apolipoprotein) FAAF 2
HE 7o g4 Uy FHAAE Al ol HFSta e AS ApoE-ed B
old A9-5 ApoE-e4 HlHf o2 G233 h

V&Y SRS EFHYCh

flo

)

o WA A W FE
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2 Aol A= A oAk debARl SN #xE detstr] fsiA 1A g
A2 e 2 A% FHA gl diste] e EAE TSN HFY Hes Nk
Fo MESE YERNL, A58 Hee HAFEEd 4% Huy iEAAE UE
Wa, vmATEE 49 =983 IQR(Interquartile range)® Z A3 At) 7ol o+ &
3 ﬂoliﬂ o E HAsH ﬁOHHL AEY W A ;‘qﬁ 041"%01 uet 59

0

A%

), 1@16& Mo 7§ 7}0]11]4— 7 24(Chrsquaure test) & 53 O]'}\}\Tjr.

A Al A tirled w=E3 gzstoln Awje] Fo npo]l Qw7 (AR42, AR
40, pTau, AB42/ABA0 ratio, pTau/AB42 ratio) 7+ ATA S &2lslr] &) Lxtst A
& R d(Generalized linear model)S Ab&3te]l 2 719 &4 1 pg/m® F7F 2
3] A A5 (Beta, B)2} E+2 *}(Standard error, SE)& FA 3Tt 7129 =
of daixe 72 d7e9EHE 58 9453 9 AEATE U HFge=
o] AL Fstgon, B9 F Z7td @E FAE p for trendE AHEdle] @
At ol AAAFES st ste] dutst Ay EdoA Algd A Ede

TAe & 3% 2
FAA0E, dleq wE% ox W FA L ARAAAA AFE 2 AR
Bl gzstolW Aviel e} dolorAst mAE WAERE AR A%

(Causal mediation analysis)S 33ttt wiziaae 49, vlE 1 AY(Baron &
Kenny) WHES A &3te] 17 49 o] T 3dA9 3AEAS 24 2 33t
o159 )
A HAE, f7led =3 diy 94 57 1 Aol s gxstoln X ufe
Htol Qw7 Aol wX = wilEHRE A 98] a AERX-M)S FAA
, ol BRXSY)EAA FA8E AAT b, HFH 2= 50009
oS 3% FEZEHFS FIsto] ast b o A A Z(X+M—Y)el
EAA TS AR F HAE Qe d =& A AL A 3F
e gzstoln Aufje] ol npo]Qmty] A o] wx= vi/REIE FALSH
BEE->ME FAA FI94S HAstE, {7 BEE-Y)EAH T8
&, AFTAHOE 5000 AEHoldS B3 FE~EHITS Fasto] dof
S ARX+M-Y)Ol digh A4 Fodes AAskA
© A A B A HAG BEE Kol Wy 21 WHI & &8 HAT

o 12
X,
O
Y,
2
Ol
ol
E:l
(@)

2 & 10 do

ry
ox
=2

N
f

ol
==

o
o
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29. 34 A Zz=219

BE BA EAL2 SAS version 94 (SAS Institute, Cary, NC, USA)®} R

statistical software (version 4.3.2, R Foundation)S ©]&3%le] Falwqom Rel 7
¥ mediations pacakageE Al-&3slo] A =48 F33}

7z} 2 o] §9o8-F(p-value)o] 0.05 7]vkel A9 =4

= Aoz B

o fold ARAL wol
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2.10. @+ &9

E ATE dAgEY dATFAe 9493 (Institutional Review Board, IRB) 429
A IRB WAAe £ okt (IRB number: 4-2024-1362). £ AFol A A3
EPINEF S E 7Asw EE AAZTH Abdd A& 2 A @ 594 FH536)
Aom, Ak AMEHE =T E BAHLE AAYEY ATAe 9193 IRB At 5

S ylro}
=

Aotk (IRB number: 4-2014-0359, 4-2022-0418).
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AT A

3.1. A7 dEAe 54

E o= EPINEF Z3E W Neuroimaging 3¢ ZZE AR T HF A+
b 370 S Ao, Aol we RS A5 thAdRbe] dabAed 54
49} 2o FAlS 15611 (40.8%), o4& 2199 (59.2%) oIt} A A thAalAte] Hit ¥
275 )AZ, FAAe H A3 733(26.3)A, Aol Hi AHS 72.3(£5.4)A o]
ok AA A WS FE(AT) Ha gk 11.2(24.1)d o At}

27 B A Mo dA il Al vl F AR 253(68.4%)9, FA A= 2
A FAATE 99(65.6%) o2 7HE wkon, ool A5 218(99.5%)™ o] v F AR
oo &5 AEe] A9, 7L @E Abgro]l AAl tidAbell A 138(37.3%)7, B el
Al 85(56.3%), oJ/dolA 53(242%)H eIt A H &F = EF ¥ 1 i
om g ZelE BHPYTHp < 0.001). AMAFAFe] S, vwh25kg/m* ©]/) el tidA}
7F A ANA 151(40.8%)78, Aol A 60(39.37%)H, oJdolA 91(41.6%)H L= 7};?}
Bk A opdAel A nEg Aol = \*M}z}t 185(50.0%) 9 o] L .1,
HoAsg o] e didAE 74(200%) ol At daw AgE ] A, A
n gk zto]lE BHATHDP=0.004). ApoE-ed FHAE EfF tidz= A oAt
59(15.9%) ol e, TAdolA] 18(11.9%)™, Aol A 41(18.7) o] At}

2 oA d=stolw Auje] el npojemiAR ARH ZF A Ax TUR
2 AB40 FXE7F 169.91(149.56-198.23)pg/mL, AB42 F%=7} 6.61(5.60—7.64)pg/mL,
pTau X7} 3.15(253-3.95)pg/mLe]lth ol & 7|Hte =z k& AB42/AB40 ratio?]
=97k 0.04(0.03-0.04), pTau/AB42 ratio®] T4k 0.48(0.38-0.61) ] At}

o god iy 9@ FAe A, dA A didAtel A AA g 9]
o] Hirgko]l 2.34(+0.09)mm, AFH 2.14(+0.10)mm, T8 2.45(+0.10)mm. =
(#0.11)mm, 579 1.84(£0.11)mm, ™43 2.43(+0.14)mm, 49 2.81(£0.16)mm

o

2
2 1o

o

0
o

O
o,

=
=
ez ]
i=]

.66
o},

(o]
r}n:;&mé-{n

iy

Aol AREE A e wash A Fdgkel 44 K-BNT
053(x0.89)d, RCFT =EAF -0.05(#1.16)%, SVLT-E 232 0.09(+1.19) 4,
SVLT-E A48 -0.03(x1.31)%, RCFT A A3 0.12(£1.17)8, COWAT HF
4 AA -003(21.00%, COWAT Z# 34 #AAF 013(:1.11D)3, DSC
0.88(£1.17)%, K-TMT-E part B 0.34(+1.14) % o] 9l t}.

AN
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2 oA ggAe] Ao grledEd =F sEe X 5% £ "L

&= E3E PMi, PMas, Mnj, Mngse= 4wkt AE 379 2de AL
A(Tertile) FEHZ 747t xFste] A4S TR o, PMpe Hif
46.319(£2.125) pg/m’, PMjp W Mno9 H T2+ 12.548(£2.519) ng/m o] At PMas
o Wit FEE 26193(:0637) ug/molglow, PMus Ul Mnwsol Bt

10.366(+1.773) ng/m'o] At
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£ 4. A7 dEdAe 54 (A5)

Characteristics (r’f=0§’?(l)) ( nl\flegl ) }ngiegr; p-value
Age (years), [Mean(SD)] 72.7 (5.8) 73.3 (6.3) 72.3 (5.4)
Education level (years),
[Mean(SD)] 11.2 (4.1) 12.6 (4.0) 10.2 (3.9)
Smoking status, N(%) <0.001
Never smoker 253 (68.4) 35 (23.2) 218 (99.5)
Former smoker 100 (27.0) 99 (65.6) 1 (0.5
Current smoker 17 (4.6) 17 (11.3) 0 (0.0)
yicohol consumption, 138 (37.3) 85 (56.3) 53 (24.2) <0.001
Body mass index (kg/m'), N(%) 0.947
Underweight 5 (1.4) 2 (1.3) 3(1.4)
Normal weight 116 (31.4) 50 (33.1) 66 (30.1)
Overweight 98 (26.5) 39 (25.8) 59 (26.9)
Obesity 151 (40.8) 60 (39.7) 91 (41.6)
History of disease, N(%)
Hypertension 185 (50.0) 78 (51.7) 107 (48.9) 0.597
Diabetes mellitus 74 (20.0) 41 (27.2) 33 (15.1) 0.004
ﬁ?&%‘e‘l allele carriership, 59 (159) 18 (11.9) 41 (187) 0.079
Blood-based markers of AD (pg/mL), [Median(IQR)]
169.91 173.04 168.82
AB40 (14956-198.23) (148.02-203.62) (149.99-193.35)  0-140
6.61 6.42 6.66
Ap42 (5.60-7.64) (5.46-7.72) (5.68-760) 0948
3.15 3.27 3.04
pTau (2.53-3.95) ((2.55-4.09) (2.50-3.85) 0.520
. 0.04 0.04 0.04
AB42/ABA0 ratio (0.03-0.04) (0.03-0.04) (0.03-0.04) 004
. 0.48 0.51 0.46
pTau/AB42 ratio (0.38-0.61) (0.40-0.63) (0.37-060) 0617
Cortical thickness (mm), [Mean(SD)]
Global 2.34 (0.09) 2.32 (0.10) 2.35 (0.08) <0.001
Frontal 2.14 (0.10) 21.. (0.11) 2.17 (0.09) <0.001
Parietal 2.45 (0.10) 2.43 (0.11) 2.47 (0.09) <0.001
Temporal 2.66 (0.11) 2.64 (0.13) 2.68 (0.10) 0.001
Occipital 1.84 (0.11) 1.86 (0.13) 1.84 (0.10) 0.091
Cingulate 2.43 (0.14) 2.39 (0.14) 2.46 (0.13) <0.001
Insula 2.81 (0.16) 2.81 (0.16) 2.81 (0.16) 0.882
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£ 4. A7 A 54

Characteristics (r’f=0§’?(l)) ( nl\flegl ) }ngiegr; p-value
Neuropsychological test results (z-score), [Mean(SD)]
K-BNT 0.53 (0.89) 0.63 (0.88) 0.48 (0.89) 0.182
RCFT: copy -0.05 (1.16) -0.21 (1.16) 0.04 (1.15) 0.086
SVLT-E: immdeiate recall 0.09 (1.19) -0.42 (1.14) 0.35 (1.13) <0.001
SVLT-E: delayed recall -0.03 (1.31) -0.59 (1.36) 0.26 (1.18) <0.001
RCFT: delayed recall 0.12 (1.17) 0.21 (1.28) 0.07 (1.11) 0.324
COWAT: category N N
/ semantic fluency test 0.03 (1.07) 0.12 (1.16) 0.01 (1.02) 0.359
COWAT: letter B
/ phonemic fluency test 0.13 (1.11) 0.07 (1.09) 0.27 (1.10) 0.015
DSC 0.88 (1.17) 057 (1.14) 1.04 (1.15) 0.001
K-TMT-E: part B 0.34 (1.14) 0.26 (1.19) 0.38 (1.12) 0.405
Cognitive assessment 2483 (348) 2511 (293) 2477 (3.73) 0.405

score, [Mean(SD)]
MMSE score, [Mean(SD)] 28.04 (2.33) 28.16 (1.82) 27.97 (2.56) 0.486

Abbreviations. AD: Alzheimer’s disease; ApoE-e4: apolipoprotein E4, AB42. Amyloid
beta-42;, ApP40: Amyloid beta-40;, pTau’ Phosphorylated tau protein, K-BNT:
Korean-boston naming test; RCFT: Rey complex figure test; SVLT-E. Seoul verbal
learning test-elderly’s version, COWAT: Controlled oral word association test;, DSC:
Digit symbol coding; K-TMT-E- Korean-trail making test-elderly’s version, MMSE'-
Mini mental state examination, SD: Standard deviation, IQR. Interquartile range;
Footnotes: Significance of sex difierence based on Chi-squared test (for categorical
variables) and t-test (for continuous variables). The sample size for the
neuropsychological test results difiers from the total sample size due to incomplete data
availability or a subset of participants (n = 278). The statistical analyses for this section
were performed on the reduced sample.
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5 A7 A de Briedesd =F vk

Air pollutan . Percentile
Ge/my S Mean  SD  Min g [0 e Max
PM;jo
Continuous 46.319 2125 40276 447783 46955 47982  50.474
Tertile 1 43749 1458 40276 42415  44.092 44783 45951
Tertile 2 46877 0495 45963 46398 < 46.955  47.320  47.644
Tertile 3 48327 0496 47651 47982 48259  48.601 50.474
PM:s
Continuous 26193 0.637 23516 25786 26263 < 26.666  28.379
Tertile 1 25482 0438 23516 25321 25613 25786  25.925
Tertile 2 26258 0172 25932 26.114 26263 26409  26.538
Tertile 3 26.839 0.268 26543  26.666 26786 26911 28.379
Mnjo
Continuous 12548 2519 4.100 10.954 12.617 14.328 18.938
Tertile 1 9.765 1.483 4.100 8.620 10.193 10.954 11.499
Tertile 2 12615 0664 11.501 12.030 12.617 13.256 13.708
Tertile 3 15263 1.143 13.737 14.328 15.092 15.915 18.938
Mnzs
Continuous 10.366  1.773 4.809 9.111 10.068 11.686 13.898
Tertile 1 8.541 0.793 4.809 8.204 8.735 9.111 9472
Tertile 2 10.105  0.383 9.482 9.808 10.068 10.408 10.829
Tertile 3 12454 0954 10.834 11.686 12.394 13.406 13.898

Abbreviations. PM: particulate matter; PM;) PM < 10 um in aerodynamic
diameter;, PM>5> PM < 25 um Iin aerodynamic diameter; Mn: Manganese,
Mnyy Mn < 10 um Iin aerodynamic diameter; Mnosw Mn < 25 pm in
aerodynamic diameter;, SD.: Standard deviation, Min: Minimum, Max’
Maximum,
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Aol frledEd =F R A 959, 18 AT e E vro] #
el wE dxstolw A ujo] o unio]omtA] AWRALES HIFHHEYTH HEAT
Z7t W& FAE AHH A p for trendE AEEF om 0.05 v A o EA4F o
2 7Y% FAZE ol ddsidn rled =53 @4 ofdRol= Mg B B
T TR I AREES ARE duks Ay md 24 Ad3e o5 2 6-10)

Model 25 7|22 HYS w, PMys =% tisid= 1 pg/m 571 9 ABR42/AB
40 ratio= -0.002 (SE=0.001; p=0.014)9+F A4sts Aoz Yelygow, AFre
(Tertile 1)0l =%% o] B8] L E(Tertile 3)o) ==E A ABR4A2/AB40 ratio:=
-0.002 (SE=0.001; p=0.042)%+F #Asta(p for trend <0.05), pTauw/AR42 ratio=
0.087 (SE=0.038; p=0.023)5tF ZF7t8t= Ao = YERS

Mnys =F° talA= 1 pg/m' 57 & pTau #%5% 26% (8=0.026; SE=0.013;
p=0.039)"+F =7}, pTau/AB42 ratior 0.019 (SE=0.009; p=0.040)"FF =7}l Ao
2 Yepytor, AExm(Tertile Dol =&" ol vl ¥ =(Tertile 3)o =&H 7
% pTau 5%+ 10.6% (B=0.106; SE=0.054; p=0.049)%+& Z=7}slar, AR42/AB40 ratio
= -0.002 (SE=0.001; p=0.036)"+F #AAste A2 e (p for trend <0.05).

Model 35 7122 H%S w, Mnyy A¥E(Tertile 1) =Fwtol] ¥ T %
(Tertile 2)° =&% oA AB42/AB40 ratio’} -0.002 (SE=0.001; p=0.049) %5 %
A%teE AR YEytom(p for trend <0.05), PMss 1 ng/m' 571 9 AB42/AB40
ratio’} -0.002 (SE=0.001; p=0.007) #FA3&}il, Mnys 1 ug/m =7} 9 pTau %7}
2.6% (B=0.026; SE=0.013; p=0.042)%+5 S7t8l= A2 LERST

of Selt BAMNOR o9 AW S FelsA R
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¥ 6. Hred == I ABR40 5% 3+ AHAA

Blood-based AD markers: AB40* (pg/mL)

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value
PM;yq Continuous -0.001 (0.007) 0.927 -0.001 (0.007) 0.900 -0.001 (0.007) 0.887
Tertile 2 vs 1 -0.039 (0.034) 0.249 -0.047 (0.035) 0.175 0.013 (0.034) 0.710
Tertile 3 vs 1 -0.009 (0.035) 0.798 -0.010 (0.035) 0.772 -0.021 (0.033) 0.515
p for trend 0.004 0.040 <0.001
PM;5 Continuous 0.0043 (0.021) 0.840 0.006 (0.022) 0.795 0.017 (0.021) 0.411
Tertile 2 vs 1 -0.021 (0.033) 0.513 -0.017 (0.033) 0.602 -0.025 (0.033) 0.448
Tertile 3 vs 1 0.006 (0.034) 0.870 0.011 (0.034) 0.753 -0.026 (0.033) 0.436
p for trend 0.005 0.060 <0.001
Mnjo Continuous 0.000 (0.006) 0.951 0.001 (0.006) 0.869 0.003 (0.006) 0.609
Tertile 2 vs 1 -0.038 (0.033) 0.258 -0.046 (0.034) 0.178 0.021 (0.034) 0.542
Tertile 3 vs 1 -0.025 (0.034) 0.459 -0.023 (0.035) 0.502 -0.016 (0.033) 0.622
p for trend 0.004 0.043 <0.001
Mngs Continuous 0.008 (0.008) 0.347 0.010 (0.008) 0.248 0.011 (0.008) 0.175
Tertile 2 vs 1 0.051 (0.033) 0.117 0.053 (0.033) 0.108 -0.059 (0.035) 0.089
Tertile 3 vs 1 0.049 (0.035) 0.159 0.054 (0.036) 0.128 -0.009 (0.034) 0.787
p for trend 0.002 0.028 <0.001

Abbreviations. AD: Alzheimer’s disease; PM. particulate matter; PM s PM < 10 um in aerodynamic diameter; PMo.s PM < 25 um in aerodynamic diameter;
Mn' Manganese;, Mny' Mn < 10 um in aerodynamic diameter; Mnzs Mn < 2.5 uym in aerodynamic diameter;, Ap40: Amyloid beta-40; SE: standard error;
Footnotes: Beta(B) coeflicients (per 1-unit Increase in each pollutant) were from generalized Ilinear models. Model 1 was adjusted for age, sex, and education level.
Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was adjusted for the
Model 2 variables plus history of hypertension and diabetes mellitus.

* Log-transtormed
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Blood-based AD markers: AB42 (pg/mL)

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value

PM;yq Continuous 0.058 (0.045) 0.199 0.058 (0.046) 0.206 0.057 (0.045) 0.210
Tertile 2 vs 1 0.032 (0.222) 0.884 0.000 (0.226) 1.000 -0.242 (0.226) 0.284
Tertile 3 vs 1 0.251 (0.227) 0.271 0.262 (0.229) 0.254 -0.193 (0.216) 0.373

p for trend 0.101 0.123 0.005
PM;5 Continuous -0.201 (0.140) 0.151 -0.171 (0.141) 0.226 -0.110 (0.140) 0.432
Tertile 2 vs 1 -0.298 (0.215) 0.166 -0.285 (0.217) 0.190 0.092 (0.220) 0.678
Tertile 3 vs 1 -0.243 (0.220) 0.269 -0.174 (0.222) 0.435 -0.102 (0.216) 0.637

p for trend 0.079 0.126 0.005
Mnjo Continuous 0.045 (0.037) 0.218 0.051 (0.037) 0.170 0.062 (0.037) 0.091
Tertile 2 vs 1 -0.029 (0.219) 0.894 -0.068 (0.222) 0.760 -0.251 (0.224) 0.263
Tertile 3 vs 1 0.204 (0.225) 0.364 0.227 (0.227) 0.318 -0.260 (0.215) 0.227

p for trend 0.107 0.119 0.004
Mngs Continuous -0.006 (0.054) 0.905 0.004 (0.055) 0.945 0.0130 (0.054) 0.810
Tertile 2 vs 1 0.401 (0.214) 0.062 0.404 (0.214) 0.061 -0.043 (0.228) 0.852
Tertile 3 vs 1 -0.015 (0.228) 0.948 0.008 (0.232) 0.973 0.362 (0.223) 0.105

D Ior trend

0.028

0.058

0.002

Abbreviations. AD: Alzheimer’s disease;, PM: particulate matter; PM> PM < 10 um in aerodynamic diameter;, PM5> PM < 25 um in aerodynamic diameter;
Mn: Manganese;, Mny- Mn < 10 uym in aerodynamic diameter; Mnss> Mn < 2.5 um in aerodynamic diameter; AB42: Amyloid beta-42; SE. standard error;
Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education
level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was
adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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Blood-based AD markers: pTau® (pg/mL)

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value

PM;yq Continuous -0.006 (0.011) 0.546 -0.010 (0.011) 0.353 -0.010 (0.011) 0.370
Tertile 2 vs 1 -0.044 (0.052) 0.392 -0.044 (0.052) 0.398 0.038 (0.053) 0.473
Tertile 3 vs 1 -0.030 (0.053) 0.575 -0.040 (0.053) 0.453 0.004 (0.051) 0.933

p for trend 0.240 0.129 0.125
PM;5 Continuous 0.013 (0.032) 0.689 0.016 (0.033) 0.628 0.018 (0.033) 0.580
Tertile 2 vs 1 -0.013 (0.050) 0.792 -0.029 (0.050) 0.563 -0.101 (0.051) 0.051
Tertile 3 vs 1 0.095 (0.051) 0.063 0.100 (0.051) 0.051 -0.126 (0.050) 0.013

p for trend 0.044 0.022 0.022
Mnjo Continuous 0.008 (0.009) 0.370 0.005 (0.009) 0.585 0.005 (0.009) 0.567
Tertile 2 vs 1 -0.011 (0.051) 0.828 -0.014 (0.052) 0.780 -0.00001 (0.053) 1.000
Tertile 3 vs 1 0.022 (0.052) 0.677 0.002 (0.053) 0.967 -0.015 (0.051) 0.765

p for trend 0.266 0.155 0.141
Mngs Continuous 0.024 (0.012) 0.058 0.026 (0.013) 0.039 0.026 (0.013) 0.042
Tertile 2 vs 1 0.020 (0.050) 0.684 0.011 (0.050) 0.818 -0.104 (0.054) 0.054
Tertile 3 vs 1 0.093 (0.053) 0.081 0.106 (0.054) 0.049 -0.099 (0.052) 0.059

D Ior trend

0.096

0.045

0.042

Abbreviations. AD. Alzheimer’s disease; PM: particulate matter; PM: PM < 10 ym in aerodynamic diameter;

Mn: Manganese;, Mnyy Mn < 10 um in aerodynamic diameter;

Model 2 variables plus history of hypertension and diabetes mellitus.

* Log-transtormed
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PMss: PM < 25 pm in aerodynamic diameter;
Mnss Mn < 25 um in aerodynamic diameter; pTau’ Phosphorylated tau protein, SE- standard error;
Footnotes: Beta(f) coeflicients (per I-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education level.
Model 2 was adjusted tor the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-ed allele carriership. Model 3 was adjusted for the
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Blood-based AD markers: AB42/AB40 ratio
Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value
PM;yq Continuous 0.0004 (0.0002) 0.061 0.0004 (0.0002) 0.050 0.0004 (0.0002) 0.052
Tertile 2 vs 1 0.002 (0.001) 0.123 0.002 (0.001) 0.102 -0.002 (0.001) 0.081
Tertile 3 vs 1 0.002 (0.001) 0.108 0.002 (0.001) 0.080 -0.0004 (0.0010) 0.674
p for trend 0.071 0.059 0.021
PM;5 Continuous -0.002 (0.001) 0.008 -0.002 (0.001) 0.014 -0.002 (0.001) 0.007
Tertile 2 vs 1 -0.002 (0.001) 0.129 -0.002 (0.001) 0.102 0.002 (0.001) 0.030
Tertile 3 vs 1 -0.002 (0.001) 0.027 -0.002 (0.001) 0.042 0.0004 (0.0010) 0.701
p for trend 0.034 0.045 0.011
Mnjo Continuous 0.0002 (0.0002) 0.177 0.0002 (0.0002) 0.154 0.0002 (0.0002) 0.182
Tertile 2 vs 1 0.001 (0.001) 0.217 0.001 (0.001) 0.171 -0.002 (0.001) 0.049
Tertile 3 vs 1 0.002 (0.001) 0.062 0.002 (0.001) 0.053 -0.0007 (0.0010) 0.482
p for trend 0.062 0.055 0.017
Mngs Continuous -0.0004 (0.000) 0.105 -0.0004 (0.0003) 0.080 -0.0004 (0.0003) 0.077
Tertile 2 vs 1 0.0003 (0.0010) 0.762 0.0003 (0.0010) 0.797 0.002 (0.001) 0.037
Tertile 3 vs 1 -0.002 (0.001) 0.044 -0.002 (0.001) 0.036 0.003 (0.001) 0.011

D Ior trend

0.021

0.025

0.006

Abbreviations. AD: Alzheimer’s disease; PM. particulate matter; PM,» PM < 10 um in aerodynamic diameter; PMo.s PM < 25 um in aerodynamic diameter;
Mn: Manganese;, Mny' Mn < 10 um in aerodynamic diameter; Mnss> Mn < 25 um in aerodynamic diameter;, AP42: Amyloid beta-42; AB40. Amyloid beta-40;
SE standard error;

Footnotes: Beta(B) coeflicients (per 1-unit Increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education level.
Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was adjusted for the
Model 2 variables plus history of hypertension and diabetes mellitus.
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Blood-based AD markers: pTau/AB42 ratio

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value

PM;yq Continuous -0.011 (0.008) 0.180 -0.013 (0.008) 0.107 -0.013 (0.008) 0.116
Tertile 2 vs 1 -0.021 (0.039) 0.591 -0.018 (0.039) 0.655 0.049 (0.040) 0.218
Tertile 3 vs 1 -0.044 (0.040) 0.266 -0.052 (0.040) 0.192 0.031 (0.038) 0.414

p for trend 0.460 0.151 0.101
PM;5 Continuous 0.022 (0.024) 0.367 0.021 (0.024) 0.395 0.015 (0.025) 0.540
Tertile 2 vs 1 0.035 (0.037) 0.344 0.026 (0.037) 0.491 -0.079 (0.039) 0.041
Tertile 3 vs 1 0.091 (0.038) 0.018 0.087 (0.038) 0.023 -0.062 (0.038) 0.105

p for trend 0.104 0.056 0.044
Mnjo Continuous 0.001 (0.006) 0.825 -0.001 (0.006) 0.890 -0.002 (0.006) 0.757
Tertile 2 vs 1 -0.012 (0.038) 0.756 -0.011 (0.039) 0.773 0.017 (0.039) 0.663
Tertile 3 vs 1 0.001 (0.039) 0.978 -0.013 (0.039) 0.735 -0.001 (0.038) 0.979

p for trend 0.616 0.227 0.140
Mngs Continuous 0.018 (0.009) 0.049 0.019 (0.009) 0.040 0.018 (0.009) 0.054
Tertile 2 vs 1 -0.008 (0.037) 0.826 -0.013 (0.037) 0.717 -0.070 (0.040) 0.084
Tertile 3 vs 1 0.067 (0.040) 0.091 0.074 (0.040) 0.064 -0.086 (0.039) 0.028

D Ior trend

0.169

0.055

0.038

Abbreviations. AD: Alzheimer’s disease; PM: particulate matter; PMy PM < 10 uym in aerodynamic diameter; PM.s PM < 25 um in aerodynamic diameter;
Mn: Manganese, Mny Mn < 10 um in aerodynamic diameter; Mnss Mn < 25 um in aerodynamic diameter;, pTau’ Phosphorylated tau protein, AB42: Amyloid
beta—42, SE: standard error;

Footnotes: Beta(fB) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education level
Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-ed allele carriership. Model 3 was adjusted for the
Model 2 variables plus history of hypertension and diabetes mellitus.
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Brain cortical thickness: Global (mm)

D Ior trend

<0.001

<0.001

<0.001

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value
PM;yq Continuous -0.006 (0.002) 0.010 -0.006 (0.002) 0.017 -0.005 (0.002) 0.018
Tertile 2 vs 1 -0.018 (0.011) 0.117 -0.018 (0.011) 0.124 0.019 (0.012) 0.092
Tertile 3 vs 1 -0.021 (0.011) 0.069 -0.020 (0.012) 0.084 0.001 (0.011) 0.960
p for trend <0.001 <0.001 <0.001
PM;5 Continuous 0.007 (0.007) 0.294 0.007 (0.007) 0.357 0.005 (0.007) 0.495
Tertile 2 vs 1 -0.007 (0.011) 0.508 -0.007 (0.011) 0.507 -0.009 (0.011) 0.447
Tertile 3 vs 1 0.013 (0.011) 0.228 0.011 (0.011) 0.325 -0.019 (0.011) 0.095
p for trend <0.001 <0.001 <0.001
Mnyo Continuous -0.004 (0.002) 0.037 -0.004 (0.002) 0.038 -0.004 (0.002) 0.025
Tertile 2 vs 1 -0.020 (0.011) 0.068 -0.018 (0.011) 0.102 0.021 (0.011) 0.068
Tertile 3 vs 1 -0.021 (0.011) 0.064 -0.020 (0.011) 0.080 0.001 (0.011) 0.951
p for trend <0.001 <0.001 <0.001
Mngs Continuous 0.006 (0.003) 0.029 0.005 (0.003) 0.058 0.005 (0.003) 0.071
Tertile 2 vs 1 0.009 (0.011) 0.391 0.010 (0.011) 0.380 -0.019 (0.012) 0.105
Tertile 3 vs 1 0.022 (0.012) 0.056 0.020 (0.012) 0.089 -0.010 (0.011) 0.405

Abbreviations. AD.: Alzheimer’s disease; PM: particulate matter;, PM;y PM < 10 um in aerodynamic diameter;, PM,s> PM < 25 pm in aerodynamic
diameter; Mn. Manganese, Mnjy' Mn < 10 um in aerodynamic diameter; Mnz5 Mn < 25 um in aerodynamic diameter; SE. standard error;

Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education
level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was
adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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Brain cortical thickness: Frontal (mm)

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value
PM;yq Continuous 0.003 (0.003) 0.323 0.003 (0.003) 0.275 0.003 (0.003) 0.261
Tertile 2 vs 1 0.017 (0.013) 0.195 0.017 (0.013) 0.212 -0.013 (0.013) 0.329
Tertile 3 vs 1 0.012 (0.013) 0.376 0.012 (0.013) 0.361 0.003 (0.013) 0.826
p for trend <0.001 <0.001 <0.001
PM;5 Continuous -0.013 (0.008) 0.110 -0.014 (0.008) 0.102 -0.016 (0.008) 0.060
Tertile 2 vs 1 -0.027 (0.012) 0.034 -0.025 (0.013) 0.051 0.020 (0.013) 0.118
Tertile 3 vs 1 -0.016 (0.013) 0.211 -0.017 (0.013) 0.186 -0.008 (0.013) 0.545
p for trend <0.001 <0.001 <0.001
Mnjo Continuous -0.0003 (0.002) 0.876 0.000 (0.002) 0.901 -0.001 (0.002) 0.783
Tertile 2 vs 1 -0.003 (0.013) 0.827 -0.003 (0.013) 0.822 0.002 (0.013) 0.856
Tertile 3 vs 1 -0.003 (0.013) 0.843 -0.001 (0.013) 0.912 -0.003 (0.013) 0.845
p for trend <0.001 <0.001 <0.001
Mngs Continuous -0.004 (0.003) 0.183 -0.005 (0.003) 0.148 -0.005 (0.003) 0.120
Tertile 2 vs 1 0.009 (0.013) 0.480 0.010 (0.013) 0.447 0.016 (0.014) 0.246
Tertile 3 vs 1 -0.013 (0.013) 0.341 -0.015 (0.014) 0.286 0.025 (0.013) 0.061

D Ior trend

<0.001

<0.001

<0.001

Abbreviations. AD: Alzheimer’s disease;, PM: particulate matter; PM> PM < 10 ym in aerodynamic diameter;, PM5> PM < 25 um in aerodynamic diameter;
Mn: Manganese, Mny. Mn < 10 uym in aerodynamic diameter; Mnzs> Mn < 2.5 uym in aerodynamic diameter; SE- standard error;

Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education
level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was
adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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Brain cortical thickness: Parietal (mm)

D Ior trend

<0.001

<0.001

<0.001

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value
Continuous -0.007 (0.003) 0.006 -0.007 (0.003) 0.007 -0.007 (0.003) 0.008
Tertile 2 vs 1 -0.016 (0.012) 0.202 -0.017 (0.013) 0.184 0.027 (0.013) 0.037
Tertile 3 vs 1 -0.027 (0.013) 0.032 -0.027 (0.013) 0.034 0.009 (0.012) 0.449
p for trend <0.001 <0.001 <0.001
Continuous 0.010 (0.008) 0.200 0.009 (0.008) 0.236 0.008 (0.008) 0.302
Tertile 2 vs 1 -0.010 (0.012) 0.419 -0.010 (0.012) 0.396 -0.010 (0.013) 0.418
Tertile 3 vs 1 0.014 (0.012) 0.249 0.012 (0.012) 0.333 -0.023 (0.012) 0.069
p for trend <0.001 <0.001 <0.001
Continuous -0.004 (0.002) 0.034 -0.005 (0.002) 0.028 -0.005 (0.002) 0.021
Tertile 2 vs 1 -0.019 (0.012) 0.121 -0.018 (0.012) 0.151 0.021 (0.013) 0.098
Tertile 3 vs 1 -0.021 (0.013) 0.100 -0.020 (0.013) 0.109 0.002 (0.012) 0.885
p for trend <0.001 <0.001 <0.001
Continuous 0.007 (0.003) 0.023 0.006 (0.003) 0.039 0.006 (0.003) 0.047
Tertile 2 vs 1 0.014 (0.012) 0.258 0.014 (0.012) 0.262 -0.021 (0.013) 0.115
Tertile 3 vs 1 0.023 (0.013) 0.073 0.021 (0.013) 0.102 -0.007 (0.013) 0.570

Abbreviations. AD: Alzheimer’s disease;, PM: particulate matter; PM> PM < 10 ym in aerodynamic diameter;, PM5> PM < 25 um in aerodynamic diameter;
Mn: Manganese, Mny. Mn < 10 uym in aerodynamic diameter; Mnzs> Mn < 2.5 uym in aerodynamic diameter; SE- standard error;

Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education
level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was
adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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Brain cortical thickness: Temporal (mm)

D Ior trend

<0.001

<0.001

<0.001

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value
PMy, Continuous -0.007 (0.003) 0.008 -0.007 (0.003) 0.018 -0.007 (0.003) 0.018
Tertile 2 vs 1 -0.026 (0.013) 0.051 -0.025 (0.014) 0.067 0.021 (0.014) 0.135
Tertile 3 vs 1 -0.023 (0.014) 0.090 -0.021 (0.014) 0.123 -0.007 (0.013) 0.572
p for trend <0.001 <0.001 <0.001
PM;5 Continuous 0.013 (0.008) 0.134 0.011 (0.009) 0.196 0.008 (0.009) 0.341
Tertile 2 vs 1 0.003 (0.013) 0.828 0.002 (0.013) 0.908 -0.012 (0.013) 0.359
Tertile 3 vs 1 0.021 (0.013) 0.123 0.016 (0.013) 0.224 -0.015 (0.013) 0.246
p for trend <0.001 <0.001 <0.001
Mnjo Continuous -0.005 (0.002) 0.041 -0.005 (0.002) 0.044 -0.005 (0.002) 0.023
Tertile 2 vs 1 -0.028 (0.013) 0.035 -0.024 (0.013) 0.077 0.029 (0.014) 0.035
Tertile 3 vs 1 -0.029 (0.014) 0.034 -0.027 (0.014) 0.046 0.002 (0.013) 0.889
p for trend <0.001 <0.001 <0.001
Mngs Continuous 0.008 (0.003) 0.018 0.006 (0.003) 0.055 0.006 (0.003) 0.071
Tertile 2 vs 1 0.007 (0.013) 0.571 0.007 (0.013) 0.567 -0.021 (0.014) 0.142
Tertile 3 vs 1 0.026 (0.014) 0.058 0.022 (0.014) 0.118 -0.013 (0.014) 0.347

Abbreviations. AD: Alzheimer’s disease;, PM: particulate matter; PM> PM < 10 ym in aerodynamic diameter;, PM5> PM < 25 um in aerodynamic diameter;
Mn: Manganese, Mny. Mn < 10 uym in aerodynamic diameter; Mnzs> Mn < 2.5 uym in aerodynamic diameter; SE- standard error;

Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education
level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was
adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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Brain cortical thickness: Occipital (mm)

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value
PMy, Continuous -0.025 (0.003) <0.001 -0.025 (0.003) <0.001 -0.025 (0.003) <0.001
Tertile 2 vs 1 -0.098 (0.013) <0.001 -0.098 (0.013) <0.001 0.097 (0.013) <0.001
Tertile 3 vs 1 -0.098 (0.013) <0.001 -0.097 (0.013) <0.001 -0.001 (0.013) <0.001
p for trend <0.001 <0.001 <0.001
PM;5 Continuous 0.041 (0.009) <0.001 0.039 (0.009) <0.001 0.039 (0.009) <0.001
Tertile 2 vs 1 0.028 (0.013) 0.037 0.027 (0.013) 0.046 -0.059 (0.014) <0.001
Tertile 3 vs 1 0.064 (0.013) <0.001 0.059 (0.014) <0.001 -0.033 (0.013) 0.016
p for trend <0.001 <0.001 <0.001
Mnjo Continuous -0.013 (0.002) <0.001 -0.013 (0.002) <0.001 -0.013 (0.002) <0.001
Tertile 2 vs 1 -0.051 (0.013) 0.0001 -0.046 (0.014) 0.001 0.063 (0.014) <0.001
Tertile 3 vs 1 -0.064 (0.014) <0.001 -0.062 (0.014) <0.001 0.016 (0.013) 0.245
p for trend <0.001 <0.001 <0.001
Mngs Continuous 0.028 (0.003) <0.001 0.027 (0.003) <0.001 0.027 (0.003) <0.001
Tertile 2 vs 1 0.013 (0.012) 0.307 0.013 (0.012) 0.304 -0.105 (0.013) <0.001
Tertile 3 vs 1 0.108 (0.013) <0.001 0.105 (0.013) <0.001 -0.093 (0.013) <0.001

p Ior trend

<0.001

<0.001

<0.001

Abbreviations. AD: Alzheimer’s disease;, PM: particulate matter; PM> PM < 10 ym in aerodynamic diameter;, PM5> PM < 25 um in aerodynamic diameter;
Mn: Manganese, Mny. Mn < 10 ym in aerodynamic diameter; Mnzs> Mn < 2.5 uym in aerodynamic diameter; SE- standard error;

Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education
level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was
adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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£ 16. 719 =53 33 I FA 7 A8

Brain cortical thickness: Cingulate (mm)

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value
PM;yq Continuous 0.012 (0.004) 0.001 0.012 (0.004) 0.001 0.012 (0.004) 0.001
Tertile 2 vs 1 0.051 (0.017) 0.003 0.051 (0.018) 0.004 -0.047 (0.018) 0.009
Tertile 3 vs 1 0.046 (0.018) 0.009 0.047 (0.018) 0.009 0.002 (0.017) 0.919
p for trend 0.002 0.003 <0.001
PM;5 Continuous -0.020 (0.011) 0.075 -0.019 (0.011) 0.086 -0.021 (0.011) 0.065
Tertile 2 vs 1 -0.013 (0.017) 0.455 -0.012 (0.017) 0.501 0.023 (0.018) 0.192
Tertile 3 vs 1 -0.023 (0.017) 0.184 -0.022 (0.018) 0.219 0.010 (0.017) 0.585
p for trend 0.001 0.024 0.030
Mnjo Continuous 0.004 (0.003) 0.158 0.004 (0.003) 0.143 0.004 (0.003) 0.160
Tertile 2 vs 1 0.023 (0.017) 0.187 0.022 (0.018) 0.221 -0.030 (0.018) 0.100
Tertile 3 vs 1 0.029 (0.018) 0.107 0.030 (0.018) 0.102 -0.009 (0.017) 0.618
p for trend 0.0003 0.016 0.021
Mngs Continuous -0.014 (0.004) 0.001 -0.014 (0.004) 0.001 -0.014 (0.004) 0.001
Tertile 2 vs 1 -0.012 (0.017) 0.484 -0.011 (0.017) 0.505 0.055 (0.018) 0.003
Tertile 3 vs 1 -0.055 (0.018) 0.002 -0.055 (0.018) 0.003 0.045 (0.018) 0.013

p Ior trend

<0.001

0.002

0.002

Abbreviations. AD: Alzheimer’s disease;, PM: particulate matter; PM> PM < 10 ym in aerodynamic diameter;, PM5> PM < 25 um in aerodynamic diameter;
Mn: Manganese, Mny. Mn < 10 ym in aerodynamic diameter; Mnzs> Mn < 2.5 uym in aerodynamic diameter; SE- standard error;

Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education
level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was
adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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Exposure to Mnjp

Mediator Outcome: Global Outcome: Parietal Outcome: Temporal
B (95% CI) p-value B (95% CI) p-value B (95% CI) p-value
AB42/ABA0 ratio
- ~0.0001 ~0.0001 -0.0001
Mediation effect (~0.0006, 0.0001) 0.631 (~0.0006, 0.0002) 0.697 (~0.0008, 0.0002) 0.646
: -0.004 -0.004 -0.004
Direct effect (~0.00737, -0.00003) 0.038 (-0.00829, -0.00002) 0.034 (-0.0088, -0.0002) 0.043
-0.004 -0.004 -0.005
Total effect (~0.0074, —0.0001) 0.035 (~0.00836, ~0.00004) 0.032 (~0.0089, ~0.0003) 0.039
Proportion Mediated, %" 17 (-47. 40.6) 0.639 13 (-50, 395) 0.701 17 (-5.1, 445) 0,653
Outcome: Occipital Outcome: Cingulate Outcome: Insula
B (95% CI) p-value B (95% CI) p-value B (95% CI) p-value
pTau/AB42 ratio
- -0.0004 0.0002 -0.0001
Mediation effect (-0.0013, 0.0001) 0.222 (-0.0002, 0.0012) 0.416 (-0.0013, 0.0004) 0.707
. -0.012 0.004 ~0.006
Direct effect (-0.016, -0.007)  <0-001 (-0.002, 0.010) 0.177 (~0.0120, 0.0004) 0.083
) -0.013 0.004 ~0.006
Total effect (-0.017, -0.008)  <0-001 (~0.002, 0.010) 0.154 (~0.0121, 0.0003) 0.083
Proportion Mediated, % 34 (-10, 11.2) 0219 50 (-7.2, 201.3) 0.474 16 (-85, 78.1) 0713

Abbreviations. Mn: Manganese;, Mny Mn < 10 um in aerodynamic diameter; AB-42: Amyloid beta-42, AL-40: Ampyloid beta-40;, pTau: Phosphorylated tau

protein, CI. Confidence interval;

Footnotes: Beta(3) coefiicients (per 1-unit increase in each pollutant) were from causal mediation models with bootstrapping (5,000 iterations). Mediation models
were adjusted for age, sex, and education levels.
* Proportion mediated = Beta(3) coeflicient of mediation eflect /" Beta(B) coeflicient of total eflect x 100.
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Mediator

Exposure to PMzs

Outcome: Occipital

Outcome: Cingulate

Outcome: Insula

B (95% CI) p-value B (95% CI) p-value B (95% CI) p-value
AB42/AB40 ratio
. 0.003 0,001 0.001
Mediation effect (0.001, 0.007) 0.069 (~0.005, 0.002) 0.407 (~0.003, 0.007) 0.569
. 0.038 0.018 0.007
Direct effect (0023, 0.054) <0001 (~0.039, 0.003) 0.096 (<0032, 0.017) 0981
0.041 0,020 0.006
Total effect 0026, 0057  ~0.001 (~0.040, 0.001) 0.072 (-0.030, 0.019) 0.634
Proportion Mediated, % 71 (12, 200)  0.080 6.7 (-132, 81.5) 0449  -169 (54841, 126) 0716
pTau/AB42 ratio
. 0.001 0.0002 0.001
Mediation effect (-0.001, 0.003) 0.445 (~0.0007, 0.0029) 0.739 (-0.001, 0.005) 0.476
. 0.040 0,020 0.007
Direct effect (0026, 0.056)  ~0-001 (~0.040, 0.001) 0.069 (-0.031, 0.018) 0.595
0.041 0,020 0.006
Total effect 0026, 0.057)  ~0.001 (~0.040, 0.001) 0.072 (-0.030, 0.019) 0.634
Proportion Mediated, %" 14 (-1.4, 9.2) 0.446 -0.9 (-59.7, 5.1) 0.744 -11.4 (-4,573.0, 2.0) 0.698

Abbreviations. PM. particulate matter; PM.s. PM < 25 um in aerodynamic diameter; AL-42: Ampyloid beta—-42; AB-40:- Amyloid beta—40;
pTau. Phosphorylated tau protein; CI: Confidence interval;
Footnotes: Beta() coefficients (per 1-unit increase in each pollutant) were from causal mediation models with bootstrapping (5,000 iterations).

Mediation models were adjusted for age, sex, and education levels.

* Proportion mediated = Beta(B) coeflicient of mediation eflect / Beta(B) coefficient of total eflect x 100.
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Exposure to Mngys

Mediator Outcome: Occipital Outcome: Cingulate
B (95% CI) p-value B (95% CI) p-value
AB42/AB40 ratio
Mediations effect 0.001 (0.000, 0.002) 0.167 -0.0003 (-0.0016, 0.0004) 0.456
Direct effect 0.028 (0.022, 0.034) <0.001 -0.014 (-0.022, -0.006) 0.001
Total effect 0.028 (0.022, 0.035) <0.001 -0.014 (-0.022, -0.007) 0.001
Proportion Mediated, %" 2.3 (0.1, 6.8) 0.164 2.1 (-2.8, 14.1) 0.465
pTau/AB42 ratio
Mediations effect 0.0002 (-0.0002, 0.0013) 0.460 0.0003 (-0.0004, 0.0016) 0.547
Direct effect 0.028 (0.022, 0.034) <0.001 -0.015 (-0.022, -0.007) 0.001
Total effect 0.028 (0.022, 0.035) <0.001 -0.014 (-0.022, -0.007) 0.001
Proportion Mediated, %" 0.9 (-0.7, 4.7) 0.461 -1.9 (-11.7, 3.1) 0.553

Abbreviations. Mn. Manganese;, Mnssw Mn < 25 pum In aerodynamic diameter; AG-42: Amyloid beta-42;, AL-40-

Amyloid beta-40, pTau’' Phosphorylated tau protein; CI. Confidence interval,

Footnotes: Beta(B) coefficients (per 1-unit increase in each pollutant) were from causal mediation models with
bootstrapping (5,000 iterations). Mediation models were adjusted for age, sex, and education levels.
* Proportion mediated = Beta(B) coeflicient of mediation eflect / Beta(B) coeflicient of total eflect x 100.
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Neuropsychological test results: RCFT copy

Air pollutants (pg/m’) Model 1 Model 2 Model 3

B (SE) p-value B (SE) p-value B (SE) p-value
PMy, Continuous -0.174 (0.056) 0.002 -0.176 (0.057) 0.002 -0.172 (0.057) 0.003
Tertile 2 vs 1 -0.091 (0.170) 0.592 -0.068 (0.173) 0.696 0.437 (0.172) 0.011
Tertile 3 vs 1 -0.454 (0.169) 0.008 -0.444 (0.172) 0.010 0.347 (0.170) 0.042

p for trend 0.008 0.025 0.022
PM;5 Continuous -0.058 (0.106) 0.582 -0.061 (0.107) 0.569 -0.097 (0.108) 0.372
Tertile 2 vs 1 0.093 (0.170) 0.585 0.101 (0.171) 0.556 0.238 (0.172) 0.168
Tertile 3 vs 1 -0.193 (0.170) 0.256 -0.186 (0.171) 0.278 0.310 (0.173) 0.074

p for trend 0.060 0.107 0.065
Mnjo Continuous -0.050 (0.032) 0.113 -0.049 (0.032) 0.132 -0.057 (0.032) 0.080
Tertile 2 vs 1 0.100 (0.170) 0.557 0.106 (0.171) 0.535 0.379 (0.173) 0.030
Tertile 3 vs 1 -0.382 (0.170) 0.026 -0.355 (0.173) 0.041 0.454 (0.171) 0.008

p for trend 0.005 0.029 0.018
Mngs Continuous 0.023 (0.057) 0.679 0.038 (0.057) 0.505 0.028 (0.058) 0.631
Tertile 2 vs 1 -0.016 (0.170) 0.924 0.022 (0.171) 0.899 -0.132 (0.174) 0.451
Tertile 3 vs 1 0.110 (0.172) 0.523 0.146 (0.173) 0.400 -0.121 (0.172) 0.482

D Ior trend

0.136

0.180

0.134

Abbreviations. RCFT: Rey complex figure test;, PM: particulate matter;, PMy> PM < 10 um in aerodynamic diameter; PM5 PM < 25 um in aerodynamic
diameter; Mn. Manganese, Mnjy' Mn < 10 um in aerodynamic diameter; Mnz5 Mn < 25 um in aerodynamic diameter; SE. standard error;

Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education
level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was
adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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¥ 21. 17129 =& COWAT ¥+ 34 HAAF 154 1+ d34
Neuropsychological test results: COWAT Category / Sementic fluency test
Air pollutants (pg/m’) Model 1 Model 2 Model 3

B (SE) p-value B (SE) p-value B (SE) p-value
PMjo Continuous 0.038 (0.053) 0.480 0.031 (0.054) 0.570 0.035 (0.054) 0.510
Tertile 2 vs 1 0.107 (0.161) 0.508 0.111 (0.164) 0.497 -0.007 (0.162) 0.967
Tertile 3 vs 1 0.024 (0.160) 0.884 0.001 (0.163) 0.996 0.078 (0.161) 0.630

p for trend 0.924 0.836 0.537
PM;5 Continuous 0.016 (0.099) 0.874 -0.007 (0.100) 0.948 -0.048 (0.101) 0.638
Tertile 2 vs 1 0.109 (0.159) 0.495 0.103 (0.161) 0.522 0.152 (0.161) 0.346
Tertile 3 vs 1 -0.066 (0.159) 0.680 -0.086 (0.160) 0.593 0.217 (0.162) 0.181

p for trend 0.834 0.780 0.417
Mnyo Continuous -0.004 (0.030) 0.886 -0.008 (0.030) 0.801 -0.018 (0.030) 0.562
Tertile 2 vs 1 0.049 (0.161) 0.763 0.075 (0.162) 0.643 0.147 (0.164) 0.369
Tertile 3 vs 1 -0.115 (0.161) 0.478 -0.116 (0.164) 0.479 0.189 (0.161) 0.243

p for trend 0.847 0.775 0.446
Mngs Continuous -0.111 (0.053) 0.036 -0.111 (0.053) 0.039 -0.127 (0.053) 0.018
Tertile 2 vs 1 0.166 (0.158) 0.292 0.208 (0.159) 0.193 0.158 (0.162) 0.328
Tertile 3 vs 1 -0.124 (0.159) 0.439 -0.121 (0.161) 0.452 0.335 (0.159) 0.036

D Ior trend

0.509

0.524

0.255

Abbreviations. COWAT: Controlled oral word association test; PM. particulate matter; PM)’ PM < 10 um in aerodynamic diameter; PMj5 PM < 25 um in
aerodynamic diameter; Mn: Manganese, Mny' Mn < 10 um in aerodynamic diameter; Mnss> Mn < 2.5 ym in aerodynamic diameter; SE- standard error;
Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education
level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was
adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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Neuropsychological test results: COWAT Letter / Phonemic fluency test

Air pollutants (pg/m’) Model 1 Model 2 Model 3

B (SE) p-value B (SE) p-value B (SE) p-value
PM;yq Continuous 0.064 (0.054) 0.236 0.054 (0.055) 0.324 0.055 (0.055) 0.316
Tertile 2 vs 1 0.271 (0.161) 0.095 0.244 (0.165) 0.140 -0.113 (0.165) 0.494
Tertile 3 vs 1 0.135 (0.161) 0.400 0.111 (0.164) 0.499 0.127 (0.164) 0.439

p for trend 0.001 0.026 0.056
PM;5 Continuous -0.009 (0.099) 0.932 -0.029 (0.101) 0.776 -0.038 (0.103) 0.713
Tertile 2 vs 1 -0.010 (0.160) 0.952 -0.022 (0.162) 0.891 0.164 (0.165) 0.320
Tertile 3 vs 1 -0.135 (0.160) 0.399 -0.149 (0.162) 0.359 0.133 (0.165) 0.420

p for trend 0.003 0.038 0.073
Mnjo Continuous -0.016 (0.030) 0.585 -0.019 (0.030) 0.530 -0.021 (0.031) 0.492
Tertile 2 vs 1 0.083 (0.161) 0.609 0.068 (0.164) 0.679 0.164 (0.167) 0.327
Tertile 3 vs 1 -0.134 (0.162) 0.410 -0.158 (0.166) 0.341 0.224 (0.164) 0.174

p for trend 0.002 0.028 0.058
Mngs Continuous -0.137 (0.053) 0.010 -0.128 (0.054) 0.018 -0.132 (0.054) 0.016
Tertile 2 vs 1 -0.033 (0.159) 0.836 -0.027 (0.161) 0.865 0.238 (0.166) 0.152
Tertile 3 vs 1 -0.237 (0.161) 0.141 -0.230 (0.163) 0.159 0.204 (0.163) 0.211

p for trend 0.001 0.025 0.051

Abbreviations. COWAT: Controlled oral word association test; PM. particulate matter; PM)’ PM < 10 um in aerodynamic diameter; PMj5 PM < 25 um in
aerodynamic diameter; Mn: Manganese, Mny' Mn < 10 um in aerodynamic diameter; Mnss> Mn < 2.5 ym in aerodynamic diameter; SE- standard error;
Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education
level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was
adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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Neuropsychological test results: DSC

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value
PM;yq Continuous 0.074 (0.053) 0.163 0.069 (0.054) 0.201 0.073 (0.054) 0.175
Tertile 2 vs 1 0.394 (0.159) 0.014 0.373 (0.163) 0.022 -0.115 (0.162) 0.476
Tertile 3 vs 1 0.124 (0.159) 0.437 0.108 (0.162) 0.506 0.239 (0.160) 0.138

p for trend <0.001 <0.001 <0.001
PM;5 Continuous -0.085 (0.099) 0.390 -0.107 (0.100) 0.285 -0.140 (0.101) 0.167
Tertile 2 vs 1 0.090 (0.159) 0.571 0.063 (0.161) 0.695 0.213 (0.162) 0.189
Tertile 3 vs 1 -0.145 (0.159) 0.364 -0.169 (0.160) 0.292 0.252 (0.162) 0.121

p for trend <0.001 <0.001 <0.001
Mnjo Continuous 0.008 (0.030) 0.781 0.003 (0.030) 0.920 -0.003 (0.030) 0.925
Tertile 2 vs 1 0.317 (0.159) 0.047 0.314 (0.161) 0.052 0.087 (0.163) 0.592
Tertile 3 vs 1 -0.048 (0.160) 0.765 -0.070 (0.163) 0.669 0.375 (0.161) 0.021

p for trend <0.001 <0.001 <0.001
Mngs Continuous -0.158 (0.052) 0.003 -0.161 (0.053) 0.003 -0.172 (0.053) 0.001
Tertile 2 vs 1 -0.081 (0.157) 0.609 -0.083 (0.159) 0.601 0.369 (0.162) 0.024
Tertile 3 vs 1 -0.326 (0.159) 0.042 -0.354 (0.161) 0.029 0.274 (0.160) 0.087

p for trend <0.001 <0.001 <0.001

Abbreviations. DSC: Digit symbol coding, PM: particulate matter; PM;)> PM < 10 um in aerodynamic diameter;
Mnzs: Mn < 25 um in aerodynamic diameter; SE. standard error;

diameter;, Mn' Manganese;, Mnyy Mn < 10 um in aerodynamic diameter;
Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education
level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was

adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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DSC &% H4 7 AngoA 4 opdrol= wE B e &2 o] WXE &3} ®

g oojek wdeA F a2 A3 adeM = FoF dddE miloy, vwiEd
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E 24. PMy =<3 RCFT 2AF A 3 AdAolA @4 ofdzol= e 549
v 7§ &}

Exposure to PMjo

Mediator Outcome: RCFT: copy
B (95% CI) p-value
AB42/AB40 ratio
Mediation effect -0.003 (-0.023, 0.012) 0.635
Direct effect -0.170 (-0.279, -0.063) 0.002
Total effect -0.174 (-0.286, -0.063) 0.002
Proportion Mediated, %" 2.0 (-9.2, 13.4) 0.639

Abbreviations. RCFT' Rey complex figure test; PM: particulate matter,
PM;: PM < 10 um in aerodynamic diameter;, AQL-42: Amyloid beta—42, AL
-40: Amylord beta-40; CI: Confidence interval;

Footnotes: Beta(B) coeflicients (per I-unit increase in each pollutant) were
from causal mediation models with bootstrapping (5,000 iterations). Mediation
models were adjusted for age, sex, and education levels.

* Proportion mediated = Beta(B) coeflicient of mediation eflect / Beta(3)
coefficient of total efiect x 100.
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E 25. Mnys =53 COWAT % DSC # 1+ &

el 8 ot Rol= et Ao vizf &t

Exposure to Mnas

Outcome: COWAT: Category

Outcome: COWAT: Letter

Mediator / Semantic fluency test / Phonemic fluency test Outcome: DSC
B (95% CI) p-value B (95% CI) p-value B (95% CI) p-value
AB0"
- 0.001 0.001 00003
Mediations effect (-0.013, 0.003) 0.734 (-0.015, 0.004) 0.720 (-0.0101, 0.0043) 0.825
. 0.110 0.136 ~0.157
Direct effect (~0.206, -0.008) 0.034 (~0.245, -0.039) 0.009 (~0.260, -0.054) 0.002
0111 0.137 ~0.158
Total effect (~0.207, -0.009) 0.033 (-0.247, -0.038) 0.008 (-0.258, -0.054) 0.002
Proportion Mediated, " 08 (38, 35.1) 0735 09 (-34, 156) 0.720 02 (32, 88) 0.826
AB42
- 0.005 0012 0.002
Mediations effect (~0.024, 0.006) 0.460 (-0.032, ~0.001) 0.169 (~0.018, 0.010) 0.771
. -0.106 0126 ~0.156
Direct effect (~0.203, -0.004) 0.043 (~0.235, -0.026) 0.016 (~0.259, -0.054) 0.003
) ~0.111 -0.137 ~0.158
Total effect (~0.207, -0.009) 0.033 (-0.247, -0.038) 0.008 (~0.258, ~0.054) 0.002
Proportion Mediated, 6" 46 (72, 435) 0.482 86 (04, 40.9) 0.208 12 (-7.4. 163) 0.771

Abbreviations. COWAT: Controlled oral word association test;, DSC: Digit symbol coding, Mn' Manganese, Mnzs Mn < 25 um in
aerodynamic diameter; AB-40: Amyloid beta-40; AB-42: Amyloid beta-42; CI. Confidence interval’
Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from causal mediation models with bootstrapping (5,000 iterations).

Mediation models were adjusted for age, sex, and education levels.

* Log-transformed

** Proportion mediated = Beta(B) coeflicient of mediation eflect /" Beta(B) coeflicient of total efliect x 100.
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£ 26. Mnys =% COWAT % DSC "H= 1 a4

el 8 ot Rol= et 8BRS o] vishE )

Exposure to Mnas

Outcome: COWAT: Category

Outcome: COWAT: Letter

Mediator / Semantic fluency test / Phonemic fluency test Outcome: DSC
B (95% CI) p-value B (95% CI) p-value B (95% CI) p-value
pTau”
- 0.006 0.004 0.001
Mediations effect (~0.027, 0.004) 0.390 (~0.026, 0.009) 0.545 (-0.019, 0.015) 0.910
. 0.105 0.133 ~0.157
Direct effect (~0.200, -0.003) 0.045 (-0.238, -0.036) 0.011 (~0.259, -0.055) 0.003
0111 0.137 ~0.158
Total effect (~0.207, -0.009) 0.033 (-0.247, -0.038) 0.008 (-0.258, -0.054) 0.002
Proportion Mediated, " 55 (5.1, 69.9) 0.422 30 (-88, 23.3) 0555 05 (-12.0, 155) 0.910
pTau/AB42 ratio
. 0.0002 0,006 0.001
Mediations effect (-0.011, 0.015) 0.968 (-0.026. 0.003) 0.383 (-0.016, 0.012) 0.904
. 0111 0.132 0.157
Direct effect (~0.206, -0.010) 0.034 (-0.242, -0.032) 0.012 (-0.258, -0.054) 0.003
) ~0.111 -0.137 ~0.158
Total effect (~0.209, -0.009) 0.033 (-0.247, -0.038) 0.008 (~0.258, ~0.054) 0.002
Proportion Mediated, 6" 02 (-255, 146) 0.968 41 (25, 32.8) 0.404 04 (-95, 13.9) 0.904

Abbreviations. COWAT: Controlled oral word association test;, DSC: Digit symbol coding, Mn' Manganese, Mnzs Mn < 25 pum in

aerodynamic diameter; pTau’ Phosphorylated tau protein, AL-42: Amyloid beta-42;, CI: Confidence interval;

Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from causal mediation models with bootstrapping (5,000 iterations).

Mediation models were adjusted for age, sex, and education levels.

* Log-transformed

** Proportion mediated = Beta(B) coeflicient of mediation eflect /" Beta(B) coeflicient of total efliect x 100.
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ARl 1T EACA 711E & stk 53] GEMS A9 H7bAE 754 oo R
T H o] qlof, 45475 e] AFUE Hol= ALFA AT E ARt dA 4
A7t =k E=3, ApoE-e4 A BAA B &S GEMS A-tolAs 22%E W
ol b ALFA ZZTE T4 AFolAE 49%= 4 =2 vLS Bt 2ev =

W AdS dideR g 2 ATdA= PMys &0l 8 AB42/AB40 ratio®] 7HA9h
o] i, F3o CABLE -+ Ao % ¥ ABRA2/ABA0 ratio®] 7HA ¢}
Aol e Ao HuHAT(Ma et al, 2023). HAFA Q] oldRol= Zgta 3
< o dh= AB42/AB40 ratio®] A= A7 §l= AbgIA A7) Asket #dA
AqE Aoz dHA Avk(Yaffe, K., et al,, 2011). webd 2 AFto]A PM,s9t &%
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41 pg/m)3 o] FuHow dirledde] ARt w2 Aol ol o Aol
EAE 4 AF-Ma et al, 2023). ¥HH B AF M= PMys ==3 pTau/AB42 ratio
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ol ABR42/AB40 ratio (16.95%), pTau/AR42 ratio (21.64%), Ttau/AR42 ratio
(21.49%)c1N e, B BE5E Hetll= AxY A5 Ide 244 FAHeE
omgt AWgES HolA &dthil BustdtHMa et al, 2023). T3 vh¢2E OGS
2 7 FEAY dFdAE LF(0) =0 ofdRolE Feta Y ¢ A7], AB
42/AB40 ratiod]l FFE WA wMotw A FetA AS Ve AR Ay AAES
HsixZitks 435 Basilv ol d7ledEde] SdaE Ades WAUS
o] E4e Sl d=steln A HEE A E A== AAFHH(Greve et al,
2022). &=stelm A ujeo] wtelemA ] wiyEHE A A= ofyu, U9 6

A FL EAE gigoz 754 ool Au7b e ARNS uggom =

el

AgeCoDe I ZE A ZAzlo] wzw, pTau, NfL, GFAPS FX7F =S52 AB
42/AB40 ratio?} FSFE QA7 Ast HE7} WA HA Lz=stoln] Auje] Y
A Esl ol e BuEttl 53], MMSE A4 2774 ©l3te] <x7]%s A shatol A
npol e wiAE Agste] Hrtstw Y=xdolw] Amje] 7] ] kel & 4 Qlth
I 1 189 tH(Martino-Adami et al., 2024).
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Neuropsychological test results: K-BNT

Air pollutants (pg/m’) Model 1 Model 2 Model 3

B (SE) p-value B (SE) p-value B (SE) p-value
PMio Continuous 0.040 (0.044) 0.372 0.044 (0.045) 0.329 0.046 (0.045) 0.312
Tertile 2 vs 0.205 (0.133) 0.125 0.239 (0.136) 0.081 -0.111 (0.135) 0.411
Tertile 3 vs 0.090 (0.133) 0.497 0.113 (0.136) 0.406 0.118 (0.134) 0.381

p for trend 0.335 0.588 0.526
PMazs Continuous 0.019 (0.082) 0.814 0.028 (0.084) 0.738 0.011 (0.085) 0.893
Tertile 2 vs 0.036 (0.132) 0.787 0.052 (0.134) 0.700 0.105 (0.135) 0.441
Tertile 3 vs -0.084 (0.132) 0.525 -0.068 (0.134) 0.613 0.133 (0.136) 0.326

p for trend 0.525 0.786 0.669
Mnjo Continuous 0.017 (0.025) 0.497 0.019 (0.025) 0.447 0.014 (0.025) 0.577
Tertile 2 vs 0.110 (0.133) 0.410 0.113 (0.135) 0.405 -0.016 (0.137) 0.907
Tertile 3 vs 0.008 (0.134) 0.955 0.032 (0.137) 0.815 0.087 (0.135) 0.522

D Ior trend 0.523 0.789 0.701
Mnys Continuous 0.031 (0.044) 0.479 0.035 (0.045) 0.429 0.028 (0.045) 0.531
Tertile 2 vs 0.312 (0.130) 0.017 0.339 (0.132) 0.011 -0.152 (0.135) 0.262
Tertile 3 vs 0.160 (0.132) 0.227 0.180 (0.134) 0.178 0.162 (0.133) 0.224

p for trend

0.108

0.312

0.329

Abbreviations. K-BNT. Korean-boston naming test;, PM. particulate matter; PMj;y PM < 10 pm in aerodynamic diameter;, PM:s> PM < 25 um in
aerodynamic diameter; Mn: Manganese, Mny' Mn < 10 um in aerodynamic diameter; Mnzs> Mn < 2.5 ym in aerodynamic diameter; SE- standard error;
Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education
level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was
adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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Neuropsychological test results: SVLT-E recall

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value
PM;yq Continuous 0.111 (0.056) 0.047 0.106 (0.056) 0.061 0.109 (0.056) 0.056
Tertile 2 vs 1 0.301 (0.168) 0.074 0.323 (0.171) 0.060 -0.267 (0.170) 0.119
Tertile 3 vs 1 0.270 (0.167) 0.108 0.262 (0.170) 0.124 0.043 (0.169) 0.801
p for trend <0.001 <0.001 <0.001
PM;5 Continuous 0.234 (0.103) 0.024 0.226 (0.104) 0.0308 0.212 (0.106) 0.0461
Tertile 2 vs 1 0.091 (0.167) 0.588 0.103 (0.168) 0.540 -0.187 (0.171) 0.273
Tertile 3 vs 1 0.213 (0.167) 0.204 0.210 (0.168) 0.2116 -0.097 (0.171) 0.572
p for trend <0.001 <0.001 0.0002
Mnjo Continuous 0.046 (0.031) 0.137 0.046 (0.032) 0.150 0.042 (0.032) 0.189
Tertile 2 vs 1 -0.145 (0.168) 0.391 -0.137 (0.170) 0.420 -0.079 (0.173) 0.646
Tertile 3 vs 1 0.080 (0.169) 0.636 0.093 (0.172) 0.588 -0.236 (0.170) 0.167
p for trend <0.001 <0.001 0.0001
Mngs Continuous 0.014 (0.056) 0.799 0.027 (0.056) 0.626 0.021 (0.057) 0.710
Tertile 2 vs 1 0.261 (0.166) 0.117 0.303 (0.167) 0.070 -0.106 (0.171) 0.538
Tertile 3 vs 1 0.077 (0.168) 0.646 0.110 (0.169) 0.515 0.195 (0.168) 0.249

D Ior trend

<0.001

<0.001

<0.001

Abbreviations. SVLT-E: Seoul verbal learning test-elderly’s version’ PM: particulate matter; PM) PM < 10 um in aerodynamic diameter;, PM5 PM < 25 u
m in aerodynamic diameter;, Mn. Manganese, Mny Mn < 10 um in aerodynamic diameter; Mnss' Mn < 2.5 um in aerodynamic diameter; SE- standard error;
Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education level
Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-ed allele carriership. Model 3 was adjusted for
the Model 2 variables plus history of hypertension and diabetes mellitus.
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Neuropsychological test results: SVLT-E delayed recall

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value
PM;yq Continuous 0.027 (0.062) 0.664 0.041 (0.062) 0.508 0.047 (0.061) 0.443
Tertile 2 vs 1 0.218 (0.185) 0.240 0.298 (0.187) 0.111 -0.105 (0.184) 0.570
Tertile 3 vs 1 0.026 (0.184) 0.887 0.095 (0.186) 0.608 0.159 (0.183) 0.385

p for trend <0.001 <0.001 <0.001
PM;5 Continuous 0.191 (0.113) 0.093 0.217 (0.114) 0.058 0.172 (0.114) 0.133
Tertile 2 vs 1 0.029 (0.183) 0.874 0.061 (0.184) 0.741 -0.133 (0.184) 0.472
Tertile 3 vs 1 0.164 (0.183) 0.372 0.203 (0.183) 0.270 -0.112 (0.185) 0.546

p for trend <0.001 <0.001 <0.001
Mnjo Continuous 0.020 (0.034) 0.553 0.032 (0.034) 0.353 0.021 (0.034) 0.539
Tertile 2 vs 1 -0.223 (0.185) 0.229 -0.216 (0.185) 0.245 -0.017 (0.186) 0.927
Tertile 3 vs 1 -0.028 (0.186) 0.880 0.053 (0.187) 0.776 -0.279 (0.183) 0.130

p for trend <0.001 <0.001 <0.001
Mngs Continuous 0.023 (0.061) 0.709 0.042 (0.061) 0.491 0.026 (0.061) 0.676
Tertile 2 vs 1 0.356 (0.181) 0.050 0.403 (0.181) 0.027 -0.047 (0.184) 0.798
Tertile 3 vs 1 0.015 (0.183) 0.936 0.075 (0.183) 0.682 0.333 (0.181) 0.067

D Ior trend

<0.001

<0.001

<0.001

Abbreviations. SVLT-E: Seoul verbal learning test-elderly’s version’ PM: particulate matter; PM) PM < 10 um in aerodynamic diameter;, PM5 PM < 25 u
m in aerodynamic diameter;, Mn. Manganese, Mny Mn < 10 um in aerodynamic diameter; Mnss' Mn < 2.5 um in aerodynamic diameter; SE- standard error;
Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education level
Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-ed allele carriership. Model 3 was adjusted for
the Model 2 variables plus history of hypertension and diabetes mellitus.
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Neuropsychological test results: RCFT delayed recall

Air pollutants (pg/m’) Model 1 Model 2 Model 3

B (SE) p-value B (SE) p-value B (SE) p-value
PM;yq Continuous -0.005 (0.058) 0.933 -0.005 (0.058) 0.927 -0.001 (0.058) 0.993
Tertile 2 vs 1 0.091 (0.175) 0.602 0.149 (0.176) 0.397 0.045 (0.174) 0.798
Tertile 3 vs 1 -0.055 (0.174) 0.754 -0.048 (0.175) 0.785 0.165 (0.172) 0.339

p for trend 0.359 0.126 0.0422
PM;5 Continuous 0.007 (0.107) 0.952 0.012 (0.108) 0.915 -0.034 (0.108) 0.755
Tertile 2 vs 1 0.106 (0.173) 0.541 0.146 (0.172) 0.397 0.202 (0.173) 0.244
Tertile 3 vs 1 -0.130 (0.173) 0.451 -0.121 (0.172) 0.484 0.299 (0.173) 0.085

p for trend 0.253 0.098 0.023
Mnjo Continuous -0.023 (0.032) 0.481 -0.021 (0.032) 0.512 -0.034 (0.032) 0.300
Tertile 2 vs 1 0.098 (0.173) 0.570 0.134 (0.173) 0.439 0.300 (0.174) 0.086
Tertile 3 vs 1 -0.282 (0.174) 0.106 -0.262 (0.175) 0.136 0.399 (0.171) 0.021

p for trend 0.075 0.041 0.010
Mngs Continuous -0.046 (0.057) 0.421 -0.038 (0.058) 0.516 -0.056 (0.057) 0.335
Tertile 2 vs 1 0.253 (0.171) 0.140 0.305 (0.171) 0.076 0.052 (0.174) 0.765
Tertile 3 vs 1 -0.049 (0.173) 0.777 0.003 (0.173) 0.986 0.310 (0.171) 0.071

D Ior trend

0.138

0.058

0.018

Abbreviations. RCFT: Rey complex figure test; PM: particulate matter; PM PM < 10 um in aerodynamic diameter; PMjs PM < 25 um in aerodynamic
diameter; Mn. Manganese, Mny' Mn < 10 um in aerodynamic diameter; Mnz5 Mn < 25 um in aerodynamic diameter; SE. standard error;

Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education
level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-e4 allele carriership. Model 3 was
adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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Neuropsychological test results: K-TMT-E part B

Air pollutants (pg/m’) Model 1 Model 2 Model 3

B (SE) p-value B (SE) p-value B (SE) p-value
PM;yq Continuous 0.005 (0.056) 0.934 0.015 (0.056) 0.785 0.015 (0.056) 0.790
Tertile 2 vs 1 -0.005 (0.168) 0.976 0.026 (0.171) 0.880 -0.004 (0.170) 0.980
Tertile 3 vs 1 -0.031 (0.167) 0.853 0.011 (0.170) 0.947 0.021 (0.168) 0.902

p for trend 0.003 0.038 0.029
PM;5 Continuous -0.054 (0.103) 0.597 -0.036 (0.104) 0.727 -0.043 (0.105) 0.686
Tertile 2 vs 1 0.003 (0.165) 0.983 0.020 (0.167) 0.904 0.158 (0.169) 0.351
Tertile 3 vs 1 -0.156 (0.165) 0.347 -0.130 (0.167) 0.437 0.159 (0.169) 0.349

p for trend 0.002 0.029 0.020
Mnjo Continuous -0.047 (0.031) 0.128 -0.039 (0.031) 0.212 -0.044 (0.032) 0.167
Tertile 2 vs 1 -0.071 (0.167) 0.669 -0.078 (0.169) 0.643 0.224 (0.171) 0.192
Tertile 3 vs 1 -0.241 (0.167) 0.151 -0.211 (0.171) 0.219 0.147 (0.169) 0.383

p for trend 0.001 0.024 0.017
Mngs Continuous -0.104 (0.055) 0.058 -0.095 (0.056) 0.089 -0.101 (0.056) 0.071
Tertile 2 vs 1 0.108 (0.163) 0.508 0.109 (0.166) 0.510 0.271 (0.169) 0.111
Tertile 3 vs 1 -0.249 (0.165) 0.133 -0.221 (0.168) 0.189 0.336 (0.166) 0.045

D Ior trend

0.0004

0.011

0.007

Abbreviations. K-TMT-E. Korean-trail making test-elderly’s version, PM: particulate matter; PM;> PM < 10 um in aerodynamic diameter; PM.5> PM < 25
um in aerodynamic diameter; Mn: Manganese;, Mn;' Mn < 10 um in aerodynamic diameter;, Mnss Mn < 25 um in aerodynamic diameter; SE- standard error;
Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and education level
Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-ed allele carriership. Model 3 was adjusted for
the Model 2 variables plus history of hypertension and diabetes mellitus.
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Cognitive assessment score

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value
PM;yq Continuous 0.222 (0.146) 0.130 0.238 (0.148) 0.110 0.245 (0.148) 0.099
Tertile 2 vs 1 0.046 (0.444) 0.918 0.141 (0.452) 0.755 0.040 (0.449) 0.930
Tertile 3 vs 1 -0.117 (0.442) 0.792 -0.041 (0.450) 0.927 0.134 (0.445) 0.764

p for trend <0.001 <0.001 <0.001
PM;5 Continuous 0.021 (0.272) 0.938 0.057 (0.276) 0.837 -0.016 (0.279) 0.955
Tertile 2 vs 1 0.205 (0.438) 0.640 0.261 (0.442) 0.556 0.341 (0.447) 0.445
Tertile 3 vs 1 -0.252 (0.438) 0.566 -0.201 (0.442) 0.650 0.517 (0.447) 0.249

p for trend <0.001 <0.001 <0.001
Mnjo Continuous -0.021 (0.082) 0.793 -0.013 (0.083) 0.877 -0.034 (0.084) 0.687
Tertile 2 vs 1 -0.014 (0.442) 0.975 -0.023 (0.447) 0.959 0.410 (0.453) 0.366
Tertile 3 vs 1 -0.416 (0.444) 0.350 -0.344 (0.453) 0.448 0.333 (0.446) 0.456

p for trend <0.001 <0.001 <0.001
Mngs Continuous -0.163 (0.145) 0.263 -0.145 (0.148) 0.329 -0.177 (0.148) 0.235
Tertile 2 vs 1 0.945 (0.432) 0.030 1.016 (0.436) 0.021 -0.103 (0.446) 0.818
Tertile 3 vs 1 0.117 (0.437) 0.789 0.205 (0.441) 0.643 0.826 (0.439) 0.061

D Ior trend

<0.001

<0.001

<0.001

Abbreviations. PM. particulate matter; PMjy PM < 10 um in aerodynamic diameter;, PMs,5 PM < 25 ym in aerodynamic diameter; Mn:
Manganese;, Mn;> Mn < 10 um in aerodynamic diameter; Mnss> Mn < 2.5 um in aerodynamic diameter, SE. standard error;

Footnotes: Beta(B) coeflicients (per I-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex,
and education level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE—ed
allele carriership. Model 3 was adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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MMSE score

Air pollutants (pg/m’) Model 1 Model 2 Model 3
B (SE) p-value B (SE) p-value B (SE) p-value
PM;yq Continuous 0.200 (0.105) 0.058 0.214 (0.107) 0.046 0.214 (0.107) 0.047
Tertile 2 vs 1 0.348 (0.318) 0.274 0.373 (0.325) 0.252 -0.486 (0.325) 0.136
Tertile 3 vs 1 0.463 (0.316) 0.144 0.493 (0.324) 0.130 -0.113 (0.322) 0.726

p for trend <0.001 <0.001 <0.001
PM;5 Continuous 0.075 (0.195) 0.703 0.084 (0.199) 0.673 0.083 (0.203) 0.684
Tertile 2 vs 1 0.474 (0.314) 0.132 0.471 (0.319) 0.141 -0.019 (0.324) 0.952
Tertile 3 vs 1 0.048 (0.314) 0.878 0.037 (0.319) 0.907 0.439 (0.325) 0.177

p for trend <0.001 <0.001 <0.001
Mnjo Continuous 0.0212 (0.059) 0.718 0.022 (0.060) 0.718 0.019 (0.061) 0.756
Tertile 2 vs 1 -0.076 (0.318) 0.811 -0.053 (0.324) 0.870 -0.002 (0.330) 0.994
Tertile 3 vs 1 0.014 (0.320) 0.966 0.013 (0.328) 0.970 -0.052 (0.325) 0.872

p for trend <0.001 <0.001 <0.001
Mngs Continuous -0.126 (0.104) 0.228 -0.146 (0.107) 0.171 -0.152 (0.108) 0.158
Tertile 2 vs 1 0.726 (0.310) 0.020 0.710 (0.315) 0.025 0.030 (0.324) 0.927
Tertile 3 vs 1 0.040 (0.314) 0.900 0.003 (0.319) 0.993 0.711 (0.319) 0.027

D Ior trend

<0.001

<0.001

<0.001

Abpreviations. MMSE: Mini mental state examination, PM: particulate matter; PMy PM < 10 ym in aerodynamic diameter;, PMs5 PM < 25 ym in
aerodynamic diameter;, Mn: Manganese, Mny' Mn < 10 um in aerodynamic diameter; Mnos' Mn < 25 um in aerodynamic diameter; SE- standard error;
Footnotes: Beta(B) coeflicients (per 1-unit increase in each pollutant) were from generalized linear models. Model 1 was adjusted for age, sex, and
education level. Model 2 was adjusted for the Model 1 variables plus smoking status, alcohol consumption, body mass index, ApoE-ed allele carriership.
Model 3 was adjusted for the Model 2 variables plus history of hypertension and diabetes mellitus.
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ABSTRACT

Associations of air pollution exposures with blood
biomarkers of Alzheimer’s disease

Jiyoon Yeom
Department of Public Health
The Graduate School Yonsei University

(Directed by Professor Jaelim Cho)

Objectives: To investigate the associations of air pollution exposure including Particulate
matter (PM) and Manganese (Mn) with accumulation of amyloid beta(AB) and
phosphorylated tau (pTau) protein, key pathologies of Alzheimer’s disease (AD), and to
investigate whether changes in blood biomarkers of AD mediate structural and functional

changes in the brain.

Methods: This cross-sectional study included participants from a community-based cohort
in South Korea who were aged 50 years or older without history of neurological diseases
(dementia, parkinson’s disorders, or stroke). Exposures to ambient air pollution were
assessed using PM with diameter < 10 um (PMj), < 2.5 um (PM,s), Mn with diameter
< 10 pm (Mny), < 2.5 pym (Mnys). These air pollution exposure levels were based on
PM sampling and spatial prediction modeling. Concentrations of blood biomarkers of AD
were measured and collected of A342, AB40, and pTau and their ratios (A[B342/A[340
ratio, pTau/A342 ratio) were calculated. The associations between air pollution exposures
and blood biomarkers of AD were analyzed using a generalized linear model (GLM), and

for factors with significant associations, causal mediation analysis were performed on the
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effect on plasma biomarkers on the associations of air pollution exposures with structural

and functional changes in the brain.

Results: A total of 370 subjects were included in this study. An increase in 1 pg/m’ of
PM,5 was inversely associated with A[B42/A[340 ratio (3=-0.002; SE=0.001; p=0.014). An
increase in 1 pg/m’ of Mn,s was significantly associated with increase in pTau ([3=0.026;
SE=0.013; p=0.039) and pTaw/AB42 ratio (3=0.019; SE=0.009; p=0.040). Although some
significant direct effects of blood biomarkers of AD were observed in the associations of
air pollution exposures with brain cortical thickness and neuropsychological test results, the

mediating effects were limited in magnitude.

Conclusion: The results of this study significantly predicted some of the changes in the
key pathologies of AD caused by exposure to ambient air pollution, including PM,s and
Mn,s in elderly population in South Korea. These findings suggest that they are associated

with the progression of AD.

Key words : Air pollution, Particulate matter, Manganese, Alzheimer’s disease, Amyloid

beta, Phosphorylated tau protein
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