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IHEIBISIE(PFAS) w3} B|d=-24] A Z2SKNAFLD) olEx]4=2]
P B2 AW7) SIS A7 2 2AL 7 ehHA

923} 3§+ & (Per- and polyfluoroalkyl substances, PFAS)S W EA, WA, 383
bgAdo] ol theksk aulAl B A AAA FHA AR H gtow 1o whet
A= o], F&, Al &7], A¥AE T5 Fd HESsEE(PFAS)o WA 4
o2 =93 Juh H}E3EEE(PFAS)S AW w77 d ol oz wj$ A,
e Fa 54 3 2A UIHer Ae 540 e AoRm deA o, HLd=
o5 gstE o]l A AUAL 7+ §4 FA, JdEd WA T vXE dIF g Eo
H g 5:84 %7 A3 (Non-Alcoholic Fatty Liver Disease, NAFLD)Z} 9] & Ao
gk AG7F s o] FolA L gtk 53] HldIE&A AWt AZH(NAFLD)S 1+ A
7k olugt tAtESE T, A8 H Ado = olold F Y FQs TERY EAE
AAE I dom Z]Ed dHd APal olffo] EH Al wghEZ(Endocrine

=

Disruptiong Chemicals, EDCs) & 34l 723813 3HE(PFAS)o] Hd ke A 2
ol 711 4 vk e el Hak FEwra gl

olof ¥ A= A47] AR FREAT =
Survey, KoNEHS)ol| Zojdt Aol x5 F AXeE 3 A4 25024HS o=
AARtReH, st S gide= 3 dix dHAsdA dF AESETEE
(PFAS) s=9F vdz&A AW7t A(NAFLD) dSA 5 7+e] #AAAES AFH o
2 Atz skt ol fd EH W #ESSFE(PFAS) 5% (PFOA, PFOS,
PFHxXS, PFNA, PFDeA)°] s%=¢ HEa2&A AWt FE(NAFLD)S o 5441
b A= #x=(Hepatic Steatosis Index, HSD$ A7+ A4 (Fatty Liver Index,
FLD A4bE 913k Askst A% (ALT, AST, GGT, TG), AA AZF(N%, AZ, =

BN

AH(Korea National Environmental Health

d) A5E THUFE st gy Y AR 2A2~9 AR

o B oodge Al a9, A2 EASEBMD, F49, SF, AAgE 5 87 941
Td ol AE HdFH o5, AF AY T FHEE HAII o, FrEH R A
AR ASgEFH AW AL IEES A EAFeEN vdzgd AN 243
(NAFLD) o|Z5A4=(HSL, FLDo 94&FS = F A& FH8209 7ts54S ddE=



123t =8 (HAWS ASFHSDE S vdazeA AWt d3INAFLD)S| 12
F(HSI > 36), 57F A o] Hast T+ (36 > FLI > 30), A (30
HSDo = Aelsta, 379 Hao=m FHstFon, AWzt AFFLDE S H Y
<A AWzt A3 (NAFLD)9 3199 > 4
(60 > FLI = 30), A¥Ax(30 > FLDo= 4 A
84l BESISIEE(PFAS)Y] w57 AEXE WEA Fokorn=E HESs
¢l Mann-Whitney U testE F8ste] ¥ 71+ 33 F TE
of frelgk zkol7k A=A A skl

A 7t 34 F BE23s3E(PFAS) v 4 23,
(PFOA, PFOS, PFHxS, PFNA, PFDeA)dl thal A3 7+ 9
Rnow 53], s} LhEAHPFHXS) S 4§ p-valueZt 7.6x10-16%, A4 7 20|
7F g FEld oz gdEdoh ma AAS 19-294], 30-394], 40-4941, 50-59
Al, 60-6941, 121 704 o]d o' 670 1F o R virol 7 dARTd dF T AE
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) , W4, shst
A dAHY 5 —orfn\"} Eg gt 5402 Qs AF E24A, 11’47]? AT, BT

FE 5 et A 2 AGAF FHLASHA AFEE A 2 2 H(Giesy
et al, 2001; Buck et al, 2011), °[3 & & Aoz <l A= Hel, 584

7], A2 58 T3 BEFIFFEPFAS) A&EHola wdHor wFdE 7}
Aol = (Fromme et al, 2009; ATSDR, 2021). 3}+-3}3}3H 5 (PFAS)S §ha-2 5
o Ao =& tgPew el &7 B AA WelA F FaHA g AV =
e = xS AFA F7] 295 A (Persistent Organic Pollutants, POPs)® &7 5
‘g3 3}8HEE (Forever Chemicals) 2% EHT(ATSDR, 2021; Post el al,

2012). ©]e ff} ‘—3‘*32 A A2 ZA71AQ FEFS vA F doH, AA A =7t
= (PFAS)S] A Wi w37, AL w@ 7hsAd, WEuiA 2 3 7]
ol uigk 54 JdFS ] g A7 s o] Fof A THOECD, 2018;
Wang et al., 2017, Gomis et al, 2018). H < AFdAM = HE3IFE(PFAS)o] W
EHlA ud, W7l Ash dARESE B 3 7]e o] T uYgd AT E A=

284 w&% 2 (Endocrine Disrupting Chemicals, EDCs)& 283 4 Qtls B
7} 9 AAE 2 Q2 (Grandjean & Clapp, 2015; C8 Science Panel, 2012; DeWitt
et al, 2012), #}=3}3}E(PFAS)el Al Wl 53] 1HA|E] A=, o= <l A
A YA w7 54 84 o]}d— A 24 oad AP §% A= ug 43
o 22 AYH Wart € 4 3(Tan et al, 2013; DeWitt et al., 2012; Bassler
et al, 2019), °]&3t 7]de& H|LdzZE&A AWk AE(Non-Alcoholic Fatty Liver
Disease, NAFLD)9] HelAdglel gt #do] glorn 3533 3HE(PFAS)o] A}
A oAdske] 2 Qe S F due JhsAdol AVIE A e (Tan et al,
2013; Bassler et al, 2019; Liu et al, 2020), 7+ 54 2 A4 3k HFity Ads
4 SAEAE FE% Jdoh(Liu et al, 2020). é_‘xﬂi, A A poH= 5
H}E3}151 35 (PFAS) 559 F 8l 2H S (CHOL)Y, FAATG)?), FEA(ALTS),

‘j ¢
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>
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ot
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1) & ZYAHE(Total Cholesterol, CHOL)
2) &4 X9} (Triglycerides, TG)
3) &atd oo AZ & A (Alanine Aminotransferase, ALT)



ASTY, GGTD) Afele]l Felgt e Aol HuFAow, o= HEI5FE
(PFAS)e] 7t 715 2 diAl d7el FAAQ 9 vH + do=

et al., 2018; Jain & Ducatman, 2019). o1& o] APAFE ul=d, v IdHA2A
Z)9k7E A 3 (Non-Alcoholic Fatty Liver Disease, NAFLD)2 F2 H|wF A28 Tk
W ded AP T A of o]l Fa A acflor V|Ede= dEA stov, HE
ATNA = FHA 22l 53 UEuA wdEH(EDCs)Y =Fo] Hgda&A At
ZAZ(NAFLD) &Ao] #Hold = th= 7hsAol Al7lHE L vk (Cave et al, 2010).
I FoAAME BESSFE(PFAS) S =Fo] vl AWzt A3H(NAFLD) W
Agle 7]oig ¢ Aok #IA ZAE HHA SR A, dESSTESY HE
A 71" (Mechanisms of Hepatotoxicity)ol] T3k F7F Aol 2o S A7sta ot
(Stratakis et al., 2020; Chalasani et al., 2018).

g, g IeA A I3(NAFLD)S &3S AFH FaAsA AE U AW
o] 5% o] 4%+ H3ko Z(Chalasani et al, 2018; Younossi et al., 2016), AL
St HIRE A28 iy 2 Ak Ay dHs A ddEo] dew, T H
o+ 5154 A H7H(Non-Alcoholic Fatty Liver, NAFL)o| A A z}ale] v dzeAl =4t
7+ (Non-Alcoholic ~ Steatohepatitis, NASH), 2+ A#3}, 49, A £
74 A gko] tH(Fridman et
1oz Z-&31 (Younossi
Att= Aol A 7] e

e}

(Hepatocellular Carcinoma, HCC)o.2 A &q=E 4 = F
al., 2018). 53] 7t AF3= dW odFE AAst= A
et al, 2021), 7P o] Q&= Aol = 7hero] AT
2 RUE e FoAo ZEH 1 Yrti(Daher et al., 2023).

H a4 A AFINAFLD)S A AAA ez fFHE] §353
(Teng et al, 2023), &=olA %= A4l A °F 20730% Fwo = 3 Aol
U= RAow A5 1 duvkIm et al, 2021; Lee et al, 2022). o] ulg}, v <=
A3H(NAFLD)oll digh #A4ly =7 3 2 93 o5 Axe] &80 FaA
o Qo vLdzmeA Ak A3(NAFLD)S dwbx oz 7F Aol JAArHE
- & AT ko] JhestEE 7] o] oyl oo mE A
W odele] daA Fdo] 2 AFo]th(Younossi et al, 2018; Lee et al., 2023). L&
U 7 e HEAola nlgo] mom AA AAolA e FEol= Aol mET
(Castera et al., 2019; EASL, 2021). oJo] we} <+ tiifE dgAFolx+= IAFH
ey Al Bl 7hHeln AFA s H A o244 (Predictive Indices)E &
3k Aol &3] o] Folx il glth(Fadchuk et al, 2014). A o2 b A3 2|

(Hepatic Steatosis Index, HSI) ¥ AWzt A 4=(Fatty Liver Index) T©°] dom, o]

4 ko fo

y

i,

o T
N
N
N

4) otAmtE|o]E oln| =AM g A(Aspartate Aminotransferase, AST)
5) zio} Z82EY XMo]g A (Gamma-Glutamyl Transferase, GGT)
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g2 7 &4 FX(ALT, AST, GGT), A& ZFA(Body Mass Index,
BMID), 3 2] =@ (Waist Circumference, WC)6), A ¥ S o WHEE 7jdlsle] H|dz 24
A ASHNAFLD) 19daS HAFsHer Add ¢ e =48, v a7
ol 1 F&A4¥ BldAdol IuLelA 5= At Bedogni et al, 2006; Lee et al.,
2010; Yang et al., 2015).

=9 AFolE AR 3}E3ETE(PFAS) =% Fwo] =& FudA n 54
dEAFE 7o HdaeA AWt AS(NAFLD)® 913 S7b7F #2d vk gl
© ™ (Stratakis et al., 2020; Bassler et al., 2019), ¥}&3}3}3HE(PFAS)S] AA W =
Aol 2k AR FHE F7Fe d-E F Ate 9t SALE AEH R Hay
I A (Liu et al, 2019; Kang et al, 2021). 23 ol X & I E3}3}3HE (PFAS)
W daeAd ANt AS(NAFLD) He] #dAd S tE d77F of4 Aldd ez o
53] v AF4 ASAFHSI FLDE &8 s A3 7|49k
3k A Ao tH(Kim et al., 2021). T3 H ] ZARY] wp=2W 3=

A A
F24 Az AE(NAFLD) o A4 3o a4
ggato] AFHor A dHdTE o2 FEs
(Kim et al., 2022).
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Survey, KoNEHS) A5E& &&3lo], st=r A uidoez @4 U H}EseE
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KoNEHS cycle 4(2018-2020)
(n = 4,239)

,| Exclusion
- 2020 survey subjects (n = 1,222)

KoNEHS cycle 4(2018-2019)
(n = 3,017)

Exclusion

- Lack of wgtbl data (n = 22)
- No data AST or ALT (n = 2)
- Viral hepatitis (n = 34)

- AST/ALT ratio >2 (n = 56)
- Heavy drinker (n = 300)

- Current pregnancy (n = 11)

Participants analyzed in this study
(n = 2,592)

a9 2 AP AF
2.2. ZA7| 7+

87 B A7) 22 AHKONEHS)E S4B Ay A4zl wel 2009956 3dvict
= = Fes Grketa Ak 9 3 B R
g adle EAdke Ae HEE APHJeH, B AT s 20189 5-E 2020 7HA]

H A dHeolHE 7|wem skglon,
21 mlolg 2 HAF(COVID-19) ko2 A A A Wasx] £33 202012
93 & 3d 719 A5 E nigo g Arsh

e

o}
m.
B>
>
-
=
=
O

j}

.
D

N

3.
=

S
3

j}

Z,
@]

o

J
N
N
o,
[
o
l

ol



Ab ofn = AP E§ A (AST, Aspartate aminotransferase) %], Zvnl 353 Hol&
2 (GGT, y-glytamyl tran sferase) 3|, AW (TG, Triglycerides) 3, 53
T R FE, @A A AF a8 7E HEE 5E s AT 1 93
& F FE53F=(PFAS) =& w53 vgdaS4 AW d3H(NAFLD) 7He] A+
e AES] Yl 78 =E24E2E WY AExA A5 E ST 78 =5
BRAE EaA ZYo] A&d 7o AME, g HErt @ AE E2FA H 7t
A E AH, HESEFE(PFAS)o] 23d At v =9 8, ¥ Azd
o5, 7 & AFEF ] HF, 2 Al WA 8 AVNE 5 #FH 2l 6
AEHF) 5 Aol wiAlE S 1 x=Fo] etk

= als =
& A7A BALE=@T6T0)d B-FAEH, Alg e 7Hor ofFHSd
2 5}

E(PFAS)Y] Alus 84 W EAlsks 4] %l
3= w2 (Protein precipitation) ¥ < J

# /A FEA 7| (HPLC-MS/MS) & AH&3te  #43)
(PFAS)el digh AAs FAHS 'A47] SR8 F 10 7224 AAAE T 374 F
Ed FAMFLFIISEE) A ZIAH Jdom, B e PSS
A #g A wg AAEHATG FH F FESSE(PFAS)S] BHiv|E
(Reporting Limit)2 53} 24HPFOA, Perfluorooctanoic acid) 0.050pg/L, &3}
LBt & Z4HPFOS, Perfluorooctanesulfonic acid) 0.056pg/L, 35 3} 844 Z AHPFHXS,
Perfluorohexanesulfonic acid) 0.071pg/L, &3} 22HPFNA, Perfluoronanoic acid)
0.019ug/L, #}& 3} 7H4HPFDeA, Perfluorodecanoic acid) 0.017ug/LE 3%



3. A7 E&
3.1 A5 A4
3.1.1. 32 WA

2 AT AE A7) FUBHRA7 2EAHKONEHS) AR F Fol B HEx
A dolHE BEEtel Fo B4 WeE Aot Fo Sguss 449 0 =

H HE = (PFAS)e] goln], FAH e wAel 2kl &85 9 & (PFAS)
2242 HESEHHPFOA), HE3SEEEHPFOS), =88 ikE E4H(PFHXS),
Ha 345 2 HPENA), -3l 7 H(PFDed) 5 & 6% olth 3ld B85S g/l o

{0

A= AgERdon, Fxo v o =(Skewness)E iL#] ko], o] A AA %

B SRE H6H XPoﬂiil Wl e AFESFATE Egh, A oA = 77t #HEs)

335 (PFAS)9 % % %3 59 1%E 9 AL L& FRS 98 A}

=91 9= (Quartiles) 7]‘3 T35 A sk
v Eg ARt Z—DJL(NAFLD)—S— Ak o7 Jieta ko] DaspAnt B

TAA = dFATE & o, 27149 AF

T2 AT FEWUFE 1 ANS AFHSDS AN AFFLDE, A

A 4=(HSD+ ALTSF ASTe] vl &, AZFAFBMD, 44, 1831 I F5FE

dste] ALEEY, AWF ASEFELDE GGT, TAA(TG), g EA(WC, Waist

Circumference), A A ZFAF=BMDE 7Ivto g2 22 2E 374S 53 &5k
F7HH o2, AL F HEFIFTE(PFAS) =5 S WHgsy] H& d3d

Tol A gelel &3S EE(PFAS) $ 7Fsdol =2 AF(: 2"€E 2877 %
2487, HEY % Folf T 43I &HE, UF AEEF ) AR i HE
FES FOo AWRNS T uE XY ol d HFES A 524 wet W
T e SAY UER ARFIAT

o] o= EHA WS (Control variables)EE AW, A= T3 SFux tiadst
i, AAG s T Al 7] BRE, sAE JH 8 st on, BE 4
o FHWSERA7]| 2Z2AHKONEHS)S] £ AAE st 2 7tsxE A
&3ttt
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3.1.2. &3 33FE(PFAS) =& &3 HF o Ho 1 8

d
rﬂ

B AFNAME A47] 3 H R A7 ZZAHKONEHS) 9A12t5 5 83 W =4
H&35 = (PFAS) & 550 tidh 55 =% 7 HTE 850 ?Lxﬂ &
o2 A x3E HESEFE(PFAS) 222 HE3SE4HPFOA), &3S
EXHPFOS), #E3taitbsE ]'(PFHXS) & 85 2 HPFNA), JJrEﬂH]ﬂ/‘P(PFDeA)
ot =& ool dig Wast 7E2 dA BEo 95 (Quartile)E F3 LE=

A

=
), TEER-3E9), AF

k
%
%
b
i
Hy
o
frt
1
o,
2L
bass
io)

313. ZHHE &HA ALER T Ho R &8

Ao A E2aA mHd L8] A 430 72358} 2 (PFAS)S] v AFA
= A2 F dUR AEF don, AFol A= A47] FRZAHRA7] ZZA
(KoNEHS) A& A A AlFsts 35 % &3 335 (PFAS)o] Al&9 7154 01

e FEES, AFE EEA H &7 A ddE FqEES FHoE =F

& dAAsdo. & %J%% iﬂr%i}ﬁ}a%(PFAS)o] |49 TheAol w2 A& Zﬂoﬂ 6H
Fatr, Awe] HF WErt 2545 A =% 7hsAd B SUME Aom o
Hoh olE Wee J%Eﬂﬂ%‘%(PFAS)Q] AERAA w28 AHste d5 7|d A
¥ (Behavioral exposure indicators)® ZF3sl o™, BN = LHA AASHIEE 1
2 o2 ALY War &t FAH R 6719 FEo® ) ques_08_02(% ¢
T =2 o] AHA 47 7‘401] FHsta e FelaE g7 o] Abgete 3,
ques_08_03(F<Ql &Eo] 27] o Tt st Helay §7]o] Yo Ab&st= 3
), ques_08_04(=H Ea]roljﬂ AbE 319R)) ques_08_05(=Z¥® WH] AR 3147,
ques_08_06(Z® £7] A8 319), ques_08_07(Z®W d7|wh&, =& AL8)o] 40
EFHAT olE FHS BF 94 Hem zAHoH, 2AME SE #@2 (1 = 719

ARG BHA] BETHE Y9 = S 33] o] AT AA R FAE o gl
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32332 (PFAS)0] E8E S84 HAWSY

28

3.1.4.

ol

P2

il
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Br

,_lryl
ﬁo
B

ol

)
e
Z0
&+
ojn
)

—_—

™
Mo
Y

S

Ny
A

o

dl A Y Fe

5 F BE3}33E(PFAS)e] X

5}

R
.

(KoNEHS) A& ZA}o Al A &3}

bk PAA o

S

2 WeE A

10

A
=

=
&

ojp

I
=

0
W
W

F
e
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do

ojn
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R

0

X
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el
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S

3}3} 32 (PFAS)o oish AAE 7]
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KN
T

Wy

T FESAE 9N AV =

&
=

3

o e

A
g o7k sl

ol
oF

o
o

juld

&=

it

358} 51 9 B (PFAS) S E¢) 8

<

5 % ques_29, ques_35, ques_49

2

s

AHKONEHS) A& ZApo A A

S

HA7]

&8l H=3kekghE (PFAS)©]

H A,

3l
=1

29(z #h 4,
1, 9% H &2 AL AT A

S

=2 ques

5}

3

3

L2

b33 ol R PR Tk

5|

E‘] u9 —

=]
-

”

ojn

o]

_ﬂo

o

N

el

K

ques_35(

94
‘o/]

BE O ques_49(o}£ E o

TFE< H=3IF=(PFAS) =&

S THe Aol

£-3}3} 32 (PFAS)°] 3%

t, 3

5|

7

&

faa

A o

%83

dE

A

A

"

file)

]
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g HART B9

3.1.6.

=
A 5=

Sk A
S}

= 3

e 38k k= (PFAS) €]

EEEROE

Aol gtk o]dl, A|47] =13k

1=
[)

7}

1A el

A

A, AA

ques_31(HE o7 <

55

5

1
Ju

ZAHKONEHS) A& ZAbel A A& st

3
H7 33 o) A= T F o

2 3|
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=
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b
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el
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3.2. I A X7+ ASH(NAFLD) A =

3.2.1. BMI AA%t

Aoz HwEs dolry] 93

A A ZFx4=(BMI, Body Mass Index)®= 4143}
AFZ, AAY A2s Aoz FHst= A xo|th

_ AZ (kg)
M= T )P

3.2.2. HSI A4t

% A|4=(HSI, Hepatic Steatosis Index)& H| Y zZSA4 xH7F A 3H(NAFLD)
gk QA ARE oA F3H7] Y8 JitE A HxolH, 7% FA(AST, ALT)SH
=4 (DM, Diabetes mellitus) 59 W42 FA "o

AAFAFBMD, 49, 18

HSI=8x ( AL?) + BMTI+ (2if female)+ (2if DMpresent)

3.2.3. FLI A4t

A7t AS(FLL Fatty Liver Index)= dAzAbel AQZA5(BMD, o Eq
@9 em S WEE &8skl AR
g &84

(WC, Waist circumference) 32 & #(WC)
=3t AHY AFolth I 2S99 Yotor FAHoR

W m ot

7S
= HE=ZEA A7 A3 (NAFLD)e A

L

FLI=—5—x100 (A1)
1+

e

L=0.953% InTG+ 0.139 x BMI+0.718 X InGGT+ 0.053 x WC—15.745 (212)

_’IA_



3.3. 44

331 A+ AF EFVIE

AT ASHSDS AWt ASFLDE Fate] wgzmed AUt 4@
(NAFLD) 24 7sA& o53ka, o] & wgoz z4zte] A% 7]Ee] wpe} a7
AE 3] JeEeR fgas EFskth

% 1 AYST AFMHSDE 4] 7] (Cut-point 7] F)

HSI A5 9 A+ Jd &7 3| 4]

HSI < 30 A9 Az hsA e

30 < HSI < 36 TAET F7F Al A e

HSI > 36 A oz A3 b =S
& 2. ARE AS(FLD ] 84 715 (Cut-point 7]<7)

FLI A4 ®4 Ad I &7 3l A

FLI < 30 A9 A3 7hsA e

30 < FLI < 60 AL F7F A e g

FLI > 60 A oz he A b =S
3.3.2. 3AEA

AT A7) SWSERA7 22AHKoNEHS) dAARE ZEate], 4] ¥

% HE3554E(PFAS) v=o vdasd Ak A3 (NAFLD) o SA4 1he] #
HAA S A ske 534 dudFolnh vgdaEA AWt AZHNAFLD) o SA4+=
A E AFMHSD AR AFFLDE Ao, 2hzho] 7]Eel wep A+t
BAE Al Y] AR, T, 19 em %%8}914

B oAfo] BEARNES 5 SPSS W 31.00BM Corp., Armonk, NY, USA)S A}
sto] skl o, p-value < 0.055 SAHSR Fo3 Aow 5. @4
SA4Y HE3SIFE(PFAS)Y s27t At xs wax ggtorng HESy 4
¢l Mann-Whitney U testE 33t A 3+ P75 H}E381FE(PFAS) 2ol

oZi;:,OFO



frol gt Zpol7t A=A AT Tk Q1S 19-2941, 30-39A41, 40-49A41, 50-59A,
60-69A4], 12]aL 704 o] o ® 679 aFo® Yo 4 A" dF HE3FI S
E(PFAS)9] % ol Kruskal-Wallis testE o] &3to] EA31 1, A48
ANOVA 7]4¥ke] Tukey HSDE % -83}3, Bonferroni correction® @ A% 748 o}
o} o] ¥y AHFE WAEA((Pairwise comparisons)E E3 3%
gRlstHon, #}E553HE(PFAS) TEdd W& oS¢ ¥ TS dofs

g AP AR HFY Wg 7 FJARAS S A e
s}3hgHE (PFAS) Fx ¢t Al aed A3t A (NAFLD) 3te] #adAd

ot 2 A 2~F 3784 (Multinomial logistic regression)S 33ty on, H <
A3 AZH(NAFLD) 9] $13 o] H|nbto] oprz} #&3131 3= (PFAS)Y =%
HojF7] 9l AAZFAFBMD dAG 255 7IFom FHEAS AAs A

3.3.3. &3 HA

AT Z2E2e Adoad Andsyd ATUAANRBY AE ¥ )
< WTHIRB W% 4-2025-0597).

_16_



T 2 3

1. AAA R 7|9 FESSLE(PFAS) =5 % 4

1.1. A47] SN FBA72ZA AR gty EA

A A= w194 o] ARl F 25929 o FAEHNH, oF wAol
1017”i o]idel 1575tk dAdate] EEx= vk 19-2947F 1979, 30t 343, 40
ol 5004, 50t 5559, 60tH 6457, "k 704 o]o] 3527 ol on, A H AL
S5AI e, Ak Ht A 2 Wi AT 22 160.2cm, 635kg o= WEREL
ot

1147] U E B A7 2 2AHKoNEHS) A& 9] &35 (PFAS) =3 %
T

¢

b
w
N
=~
)
A
rd
rigk
o
f
o
N
B
BN
>~
=
r o3
-
R
o
_>|i
1o
e
rE
2
J[m
o,

o (Y EE)
R 2,502(100%)
19-29 197(7.60%)
30-39 343(13.23%)
) 40-49 500(19.29%)
50-59 555(21.41%)
60-69 645(24.89%)
70+ 352(13.58%)
o v 1,017
0T o] 4 1575
PR AR}
217 (cm) 160.2+8.77
% (kg) 635+12.16

_’|7_



1.2. A47] SNGHRA7| 22/ A5 BAZUEHY 23
1.2.1. 44E 3 #$E33FE(PFAS) =5 % 4

% 259299 AFoidAte] dig AR 3 FA W HE3EFEE(PFAS) A
A¥, 25 3H83HE (PFAS) 55(PFOA PFOS, PFHxS, PFNA, PFDeA)d] tha] A %
F f93 s zpolrb A FATH. E3], PFHxSY A% p-value’l 7.6x10-
Aol mE FE Ao|7t wlg FEE ﬁ 2 A}

&y
(e}
=
i

¥ 4484 7 833 U 38533335 (PFAS) T5xFo] 24 (Mann-Whitney U test)

PFAS U statistic p-—value
PFOA 854,343.0 0.0034
PFOS 871,218.0 0.00012
PFHxS 949,678.5 7.6x10-16
PFNA 871,659.5 0.00011
PFDeA 858,204.5 0.0017

FE 5} Bl ZAHPFOS) S AS o)Ak o] 7 AgHow ol duizow AFE
¥+ IQR(Interquartile Range) 7]<=(£15xIQR) Wel &9 5 % 3] )
ojof uwhe}, W& IKEEEAH(PFOS)oRE Bt AA% 7]F(£1.0xIQR)S Ael 4oz
Agst= A E]rw@}x] s A JJrr)rObw—“% X“ﬂ T}%i}i}%%(PFAS) Edof o
3| 5

E R¥E R gEel AA st o}ﬁq_
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Log-Transformed PFAS Serum Concentrations by Gender (Outliers Removed)

‘ Gender
25 I Male

Il female
Y ¢+

» |
15 ! _IL
1.0 ‘
0.5

¢+
+ {
‘ l

+ ¢+

Logl0(Serum Concentration, ng/mL)

PFOA PFOS PFHXS PFNA PFDeA
PFAS Compound

a8 3. 21 W3 3 Agdo) 2 B ¥ E v w3 Box-plot

oA AA T AE % FTAHE vwd Ay, #2333 (PFAS) 5F EF W
dol o drnn 5 &35S FHEPFAS) v27F dAdtdo=m o =4 YEster, o
= gAo] oAl HlE HE3EEE(PFAS)] W o ¥ i% FZE T AY &
A ARE nd HeAe AAET

Q1& 19-2941, 30-39A, 40-49A4], 50-594, 60-69A], Z2g]x 704 °]d ZF 671<]
522 Yo 3}E3ETE(PFAS) 53 (PFOA, PFOS, PFHxS, PFENA, PFDeA)<]
dZF % #olE Kruskal-Wallis testE F3dst] #4¢ A3, BE HE535E
(PFAS)el A A& a b SAIF R Fo3k Aol7h gl= A oh(p<0.001). 53], A=
7t met FEv JARAAoR Asele AES Ho, AW F2 ThsAdd dFel

& we A%E A4,

_19_



¥ 5 AT 3 U 3E3383E(PFAS) 5 =xFo] 4 (Kruskal-Wallis test)
PFAS H statistic p-value
PFOA 633.96 9.28x10-135
PFOS 946.22 2.64x10-202
PFHxS 325.79 2.84x10-68
PFNA 987.38 3.25x10-211
PFDeA 870.47 6.53x10-186

PFAS Serum Concentration by Age Group (Outliers Removed)

Age Group
3 19-29
50 3 30-39
= 40-49
. 50-59
B 60-69
40 - 70+

Serum Concentration (ng/mL)

PFOA PFOS PFHXS PFNA PFDeA
PFAS Compound

I 4. Ad g u H] 3k Box-plot

i
M
Hel
Ll

7} E3}31 3= (PFAS) 53 (PFOA, PFOS, PFHxS, PFNA, PFDeA)o] tha]
b 2ol = B4ty 98] Tukeye] HSD AFEAH|nE 433}l Bonferroni B2

4 g3t

to

_20_



PFOA - Age x Gender Group Comparison (Bonferroni-adjusted)

19-29 / Female PENEIIPRNTINREINETY 00: 00 00400 0.06+00 0.06+00 0.06+00 0.06+00 002400

19-29 / Male [RSSURREMERRPRNTIRPRIETY 00: 00 0.06+00 0.06+00 0.06+00 0.0¢+00 0.0¢+00 002400

30-39 / Female PRSI PRSERIPRNNNY 002400 006400 00400 0.06+00 0.0+00 0.06+00 0.0+00

30-39/ Male 10e+00 10e+00 006400 0.06+00 0.06+00 0.0+00 0.0e+00 0.0e+00

PIOPTEYTIINEN 1 - 00 1.0c+00 106400 12601 002400 00e+00 0.0+00 0.0+00 0.0e+00 0.0e+00

40-49 / Male -0.0e+00 0.0e-+00 [FRUSINN 1 2c.01

50-59 / Female -0.06+00 0.06+00 0.0¢400 0.0e+00

50-59 / Male -0.06400 0.0+00 0.0e+00 0.0e-+00 [RRIIRNSNES

60-69 / Female -0.06+00 006400 0.0e+00 0.0e+00 0.0+00

60-69 / Male -0.06400 0.0e+00 0.0e+00 0.0e+00 0.0¢+00 [REIRRIENIMETEPENTTS 106400 10640

ELT L PSS PSR SEILLSERY 1 oc:00 100400 102400 106400 108400 1.06+00

Group 2

PFHXS - Age x Gender Group Comparison (Bonferroni-adjusted)

19-29 / Female - 106400 106400 10400 15601 0.06+00 0.06+00 0.0e+00 0.0e+00 00e+00

19-29/ Male 106400 106400 [RTSTIIER TS

30-39/ Female JRISTIISRISIUPRRINAY 1501 0.00:00 0.00+00 0.00£00 002500 002400

ECREENRIN 1 0: 00 1.0¢+00 106400 1.0+00 106400 106400 108400 1.0e+00

40-49 / Female 106400 106400 LR 0.0c+00

PRI 01 10e400 10e+00 102400 106400 1.064+00 00 106400 1.06+00

50-59 / Female - 1.5e.01 18e.01

50-59 / Male -0.06+00 0.0e+00 2.7e:01 0.0e+00 REY 106400 1.0¢

60-69 / Female -0.06+00 0.0e+00 106400

60-69 / Male -0.0¢+00 0.0¢+00

70+ / Male -0.0e+00 0.0e+00

Group 2

19-29 / Female -
19-29/ Male

30-39 / Female

40-49 / Male -0.0e+00 53e02

Group 1

50-59 / Female -0.0¢+00 0.0e+00 0.0e+00

50-50 / Male -00e+00 00e+00 006400 0.0e+00

60-69 / Female -0.0¢+00 0.0

0 00e+00

60-69 / Male -0.06+00 0.0e+00 0.0e+00 0.0¢+00

70+ / Male -0.0

e
&
i"’o

66603

0.0e400

o

°

o

Bonferroni-corrected p-value

ERRON 0.00:00 0.0e+00 0.0e+00 0.0e+00

002400

00e+00

006400

00e400

002400

0.0e400

PFOS - Age X Gender Group Comparison (Bonferroni-adjusted)

50-59 / Female -0.0e+00 0.0e+00 [ERISE

20

50-50 / Male -00¢400 00e+00 6.6¢:03 0.0e+00 33e02

60-69 / Female -00¢+00 00e+00 0.0e+00 0.0e+00

60-69 / Male -0.0e+00 0.0e400 0.0e+00 0.0e+00 00e+00

704/ Male 006400 00400 0.00+00 0.02+00 0.0e+00
F 4 F
S
S

<

Group 2

PENA - Age x Gender Group Comparison (Bonferroni-adjusted)

I}

50-59 / Female -0.0e400 0.0e400

00e+00

00e+00 00e+00

50-50 / Male -00e400 00e+00 0.0e+00 0.0e+00

60-69 / Female -00e400 00e+00 0.0e+00 0.0+00 0.0¢+00

60-69 / Male -0.0e+00 0.0e400 0.0e400

00e+00

704 / Male -0.06+00 0.0e+00 0.0e+00 0.0e+00 0.0e+0¢

Group 2

002400 006400 0.0+00

006400 0.06+00 0.06+00 0.06+00 0.0¢+00

00400 0.0+00 0.06+00 0.0e+00 0.0e+00

Bonferroni-corrected p-value

006400 0.0+00 0.06+00 0.0e+00 0.0e+00

00400 0.06+00 0.06+00 0.0e+00 0.0e+00

66603 0.0e+00
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= 315 gHE (PFAS)
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(Twy/Bu) ~ © = < = sl
UOREBIUSIUOD SXHAd UBSW M
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ol o &5 U ZHHPFDeA)9] 45 thE 4% #E3H3H3HE(PFOA, PFOS,
PFHxS, PFNA)# F&5HE 23X A4S Bgon, A5 AFd(19-294) A oA o]
HART =& Fdate] BREJo Y, ol ztol= w mm|EH, MyEH o R )
& HE3S}E(PFAS) S vpz7bA 2 Fde] ¥ &2 F5& A AT o, &
g ZH2HPFDeA) o] A 2ol 7F Aojd oz 23 9uket A BthE Aol &

olidol wEHITRIL AT + At

PFDeA Concentration by Age Group and Gender

Gender 1
1.6 —e— Male \o
—e— Female
./.\.

/

P

=
i

L
)

e
=]

o
=)

o
o

Mean PFDeA Concentration (ng/mL)

& i o o« &
Age Group

a9 7. FEEHAHPFDeA) 9] =Foll whE e x A T T v

1.3. FE3}58FE(PFAS) 5FY A9 (Quartiles) 7]¥F ¥
+3}

5313135 (PFAS) 559 =% <o ds] A9 (Quartiles) 7|Fo2 ¥ %,
Slar =

TEE, ATE =& JUow Tt
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6. H&=33FE(PFAS) =& oo e dAdad dd &
e & —’F%‘ié < +=(8) i »
AsE =2Q1) Te&E == 1s5E =5(Q4)
PFOA 133 62 2
PFOS 146 49 2
19-29 PFHxS 121 58 18
PFNA 154 43 0
PFDeA 144 52 1
PFOA 172 151 20
PFOS 184 139 20
30-39 PFHxS 141 156 46
PFNA 191 145 7
PFDeA 186 144 13
PFOA 164 264 72
PFOS 187 279 34
40-49 PFHxS 156 253 91
PFNA 190 271 39
PFDeA 185 268 47
PFOA 82 293 180
PFOS 73 340 142
50-59 PFHxS 97 288 170
PFNA 64 312 179
PFDeA 73 307 175
PFOA 49 337 259
PFOS 37 311 297
60-69 PFHxS 74 365 206
PFNA 27 333 285
PFDeA 38 331 276
PFOA 48 189 115
PFOS 21 178 153
70+ PFHxS 60 175 117
PEFNA 22 192 138
PFDeA 27 186 139
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°
pal

83
& 7]

A

=

=

ATl d Al 25920 tiE 3F A AE(HSD

(NAFLD) %4 7}

O

2. H|g3Z LA A7 A (NAFLD) o

2.1 2+ AT A (HSD

o

o5

AY A HSI < 30

200
372

30 < HSI < 36

\.mO
| o
¥ | T

OL JI\_
| R
N | oF
A

el
7o

475
754

342
449

jzel

0

Aoz Ak

e

w HSI < 30

&
=3

4913
76
103
136
99
103
55

30 < HSI < 36
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132
222
269
337
200

52
108
142
187
205
97

(Al)

19-29
30-39
40-49
50-59
60-69

70+



Distribution of HSI Risk Groups by Age Group (%)

HSI Risk Group

100% |
Low Risk
W Medium Risk
mmm High Risk
80%
60%
40%

19-29 30-39 40-49 50-59 60-69 70+
Age Group

a9 8 3 AE AHSD 7E d"gael wE e ¥ v

Proportion (%)

Agad 2 AT ASFHSD Ag $xE B4 Ay, 1P HSI > 36)9
H &2 A7 S7be met JuAor Frketslon, 53] 500 o] A% s
S Btk v A YALHSI < 3008 F2 20-30ol A e BHES AL
o]T Ad oA HA FAsAT THELB0 < HSI < 36) ZE dAd oA 1
2ZA Fxstd oy, 604 ol nEFAA MY & HE&S YERT oled A=
Agol 1k AF LAY DS BHo] S AlAFsh

AT A 25929 el gk AWgt AF(FLDE 83 vz 2wzt 4%
(NAFLD) &4 7hs/gdel g fld«s AR 7Ieol wet 3709 Jdow 733
=3
E 9. el mE AWzt A4(FLD ¥5d d &

o HEd A9 ()

1Y FT FLI > 60 98+ 30 < HSI < 60 A HSI < 30

T 325 354 338

o] 4] 198 402 975
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7t A =(FLI)

23]

« FLI < 30

3]
=4

A 9]
134
204
284
258
280
153

30 < FLI < 60

34
67

29
72

19-29
30-39
40-49
50-59
60-69
70+

112
181
231
131

104
116
134
68

Al 7}

- =
T

<7kt

A7

Zpekell met A

=
[

Aol

Distribution of FLI Risk Groups by Age Group (%)

Low Risk
mmm Medium Risk

FLI Risk Group
mmm High Risk

70+

60-69

50-59

40-49

30-39

19-29

100% -

80%

X X
o o
© <

20% |

(%) uopiodold

0%

Age Group

A 4=(FLD 71 A=t

B

B
gl

e

!
oF
)

w

I

3

9. A

a4

A% 2740l vlel 9

=
=

7+ A3H(NAFLD)Y <

el

da3EA A

]

H

A= HSDSF A7k A|=(FLD 3tel

=
©
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3. }E333E(PFAS) =& 3 o
ZA 3 (NAFLD) &4 7}5A

i
=
1o
R
o
o,
D)
ok
[

31 299 24 A WE HEHAAFEPFAS) =& &
F 2y
FRE A Abge] wE FE3EFE(PFAS) = S vdaEsd At

H3HNAFDL) 24 715AS 437 9l ques_08_02%-E ques_08_077FA & 671
o] A& & & nEo =2 3}EIIFE(PFAS) 5% (PFOA, PFOS, PFHxS, PFNA,
PFDeA)?] dF & 4 Oﬂfx]—’?(HSI FLDS Y3 £ X5 A3 2t &5
e AHENIEE VlEoR A Ad, IR FHoA AMEHIEY wE HEststgt
E(PFAS) B 5% 2 oA SAF x| Zo|7t gl At

ques_08_02(x8] % 20| A 27l el Tyt gt Feag §7)d ¥
of AR&stE 3199 ques_08_06(Z® &7] AHE 3l)9 A¢ AMEHIR=7L F71E
= FLIZ7|& 299+ (FLI > 60)2] w]&o] 77+ 306%, 217% 2 =014 s
ZEom, HSI 7+ 198+ HE&E %
ques_08_03(3<Ql Eo] 27] Ao Fgstxn
), ques_08_04(=® =gloldl 3l
ques_08_06(Z® &7] A S

- H &
=38l eh= (PFAS) &% 9 d&5A5 A &% e F53 Aol dEHA

—|~
OFO
ot
¥
Q
=
I
»
o
N
o
~
K
o,
=
B
zl
J
Uy
>~
>
oo
o
oM. o
o M rr

&2 . i’

55

£ 11 298 24 Ago ohE AFHAEY A
i o A 3 A AT (B) p-value A4 A5 (R2)
HSI +0.0206 0.5797 0.7843
ques_08_02
FLI +0.1842 0.4331 0.6652
HSI -0.0063 0.8660 0.7843
ques_08_06
FLI -0.294 0.1641 0.6654
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ok, A A8, AL FAFBMD, 94, &7, AAET 55, 8] B2, 1579 ol
e AdF A5 9 AF 1%‘-‘% xohete] FWEE RS g 2 2E IAE
A AT} ques_08_02(F2 F 2o A 27] Ao Fstn dae Zeprag &
71e] Yol AbgatE 39) 2 ques_08_06(FZH &7] AME 314 dH W &3
& (PFAS) 5%(PFOA, PFOS, PFHxS, PFNA, PFDeA)?] H%¢ SAZH o2 f9
3 AE BAAZ Bolx &Udthp > 0.05). BE FE35318E(PFAS) thal 3] AAS

£ +03 oW on, pghe BF 0058 Ztatsith

# 12, 2EE 2 Aol whE ndy =AY 7w A

ot & d| &% 4= 2 ZH](OR ratio) p-value 95% CI
HSI>36 1.040 0.4321 [0.943, 1.148]
ques_08_02
FLI>60 1.016 0.7655 [0.916, 1.126]
HSI>36 0.967 0.4830 [0.879, 1.063]
ques_08_06
FLI>60 0.936 0.2078 [0.845, 1.037]

ques_08_02(x2] § 2o A4 Al 2171 Hdell F9sta s ety §7]
J H

=
o AbgskE Sl9) B ques 08 06(x28W &7 ARE 393 RIGAEd AW 28
_"
o

T:T =] y =
O:lf‘% ‘3—4 7%T 104—% %L%kzi zge g AR S st
g3 AT 2y, Fr g B HSI 9 FLIS®F ol A3 #AE Holx &%
H(p > 0.05), AAATE -0297+0.18 B2 #skth, AAAS(R?) ! ]
_/':

(HSDell A oF 0.78, A3k A15=(FLDel A °F 0.66
BMISH 912 5 Fuwel Aged 7@ Aow dant wAxd 598
= F gAol AA 47 Aol

%= ques_08_02(%4¥ = o =]
34) 2 ques 08 06(Z8 £7] A& 3l4)2 HSI I (HSI >
% %

wol Abgste 3l
36) # FLI 2918+ (FLI = 60) ZA 7 TAHoR fofdt 1?5*3
G50 9 =ul= Z47F 093671.040 MR en, BE o

0.2). O] gk A3 e ques _08_02(

o] =3 ) 2 ques_08_06(x2¥ &7
AHE Bl)o] J%Eﬁ}i}é% PFAS) % 9 ugdzeA AWt 23 (NAFLD) 24
e HHA dEAAR ZE5HA] g AlAFST
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E 13 587 AHC wE HFE AN ARF T FEE)
Eia= =5 HSI 3AAS(B) HSI p-value FLI 3|AA<4(B) FLI p-value
1" 33.7434 0.0000 35.3482 0.0000
2" +0.0605 0.9570 +0.4731 0.9335
3 +0.2437 0.8269 -0.4442 0.9371
4" +0.3414 0.7845 -3.1336 0.6192
ques_28 01 5° +0.3688 0.7434 -0.2936 0.9588
6" +0.8854 0.5054 +1.4781 0.8257
7 +0.9239 0.5498 +8.4638 0.2780
8" +0.0409 0.9772 -3.3954 0.6393
9 +1.0829 0.5972 +5.8822 0.5698
1" 35.055 0.0000 35.5744 0.0000
2" -1.0271 0.4617 +2.5627 0.7160
3" -1.0952 0.4147 -1.2873 0.8493
4* -0.4146 0.7970 +4.6250 0.5698
ques_28_02 5° -0.9575 0.4790 +1.0370 0.8793
6" -1.8318 0.3411 +10.7295 0.2692
7 -2.2146 0.2813 +0.5004 0.9615
8" -1.0419 0.6122 -2.6551 0.7980
9" -2.4154 0.1247 -4.6244 0.5602
*HEF TH L= FEE 2= FRE B A, 3= AFVE AFS B, 4= AFS B
S #A A, 5 = ARHE AL, 6 = dHeR e s oFT 7 = NI T olF R
ag R 8 = Aske Z& bolaE #Bel AT 49 = VER 4

ques_28 01(F el Al miAl= B9 F/)Z ques 28 02(H¥H (A, 3tul F)dlA wf
1

3]
E£2"S FE7 (Reference group) o= }gxgsw_, a2 o8 A3 7

o] Hit AeolE IAATE AEEAT 2 A ques_28_01(FRtel A mhA = &Eo
< AAL AN & AYS AHSD

%
044 WA vehg o, ztzte] 3|95 of
Moz folatA] &Ytk 4 = 54T B £ AL AT I E ALt A
S

FFLD7F -313 9A yeistoy, $AH ez #9932 ofyArkp = 0.619).

F p-value S 2T 08 oo wm £
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d
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o
i
lo,
N
mlm
N
HN
o
fitl
roAE
1%
ro
i)
i)
=2
>

= Tr4§} X}o] =

RE 59§85 AAAAN 11 = $RE'S g g ﬂm & AwE A
]_

o
P

5351513 = (PFAS) 9] B stets 54 o= Qg thdke 48] A88 4|
Aol HEAQl AL oz AdAd HHH =& 7hs S B 918 ques_29,
ques_35, ques_49°] A& FEHS nlgo R 3}E31359E(PFAS) 5% (PFOA, PFOS,
PFHxS, PFNA, PFDeA)2 ¥%F s% % o ZA4HSI FLDO gy B¥XE 24
o=

331 A4F XAAE T HAEIJIAFE(PFAS) =5 FF &
Weote Add ¥ E3AE F HRSHRYERPFAS)O] BHH oz
A e

ques_29( &4, WA, A, X7, A
s, FAH FEE ques_29 01(H ), ques_29_02

(A, Iz, A T), ques 29 03(AAHJA S XEFAF), ques 29 04(F2
ques_29_05(70 &41), ques_29_06(%-+, FA13%), ques_29_ 07(Md=& &7) F 770t}
94 H=E2 FAHOoH, 2AME 9 @& 1 = A9 HA GFF'HEEH Y9 = F 3

3] o)A R T S
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Eia=s o] X 3 AAS(B) p—value A Al (R2)

HSI +0.0083 0.8526 0.7843
ques_29_01

FLI +0.0536 0.8481 0.6651

HSI -0.0371 0.4827 0.7843
ques_29_02

FLI +0.1806 0.5876 0.6652

HSI -0.0345 0.3907 0.7844
ques_29_03

FLI -0.0797 0.7532 0.6651

HSI -0.1395 0.281 0.7844
ques_29_04

FLI -0.9485 0.2442 0.6653

HSI -0.0408 0.2625 0.7844
ques_29_05

FLI +0.2025 0.3769 0.6652

HSI +0.0388 0.0656 0.7846
ques_29_06

FLI -0.1429 0.2818 0.6653

HSI +0.0505 0.0098 0.7849
ques_29_07

FLI +0.124 0.3136 0.6653

ques_29 0158 ques 29 077hA] & 7T/ 5SS SHWSFE sta, HLdaSA A
b A (NAFLD) oZA4HSI, FLDS F5WyEE AA & w3 243

S(BMD, §91, ©F, AALE 2%, &
F Ao wgete] FRLL HAH
EAHoR fod A = :
A +0.18 MR Agro 7 ARE X

(HSDell A °F 0.78, = "Hzk

A~
ES
et ol diE Wt e AdE AE 2AA

A fole] 7 AWE ASHSD L AW AFFLD W] efsts SHH A
geol e duate, ARAFRIY RS 4, 9%, ALFAEBMD 5
Fogd o) AgE Aow daw
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£ 15 WERe AL 4F T3 Aol BE nAYT 2A2g IR A
I~
T

ot d| = %] 2 ZH](OR ratio) p-value 95% CI
ques. 29,01 HSI>36 0.98 0.7445 [0.869, 1.106]
T FLI=60 0.918 0.1767 [0.811, 1.039]
ques.29.02 HSI>36 0.899 0.1485 [0.777, 1.039]
- FLI=60 0.921 0.2993 [0.789, 1.076]
ques_ 2903 HSI>36 0.925 0.1638 [0.828, 1.032]
T FLI=60 09 0.0825 [0.798, 1.014]
ques.29.04 HSI>36 0.806 0.2595 [0.553, 1.173]
o FLI=60 1.111 0.5557 [0.783, 1.577]
ques.29.05 HSI>36 0.997 0.9575 [0.903, 1.102]
T FLI=60 1.041 0.4236 [0.943, 1.15]
ques. 2906 HSI>36 1.005 0.8522 [0.951, 1.063]
- FLI=60 0.997 0.9053 [0.941, 1.056]
ques. 2907 HSI>36 1.028 0.2897 [0.976, 1.083]
T FLI=60 1.01 0.7125 [0.957, 1.067]

< AFMHSD 2YFMHSI = 36) 2 AW AFFELD 298 H(FLIL >
SWar AR oz 22 A3 A R, ques_29_014F-H

ques_29 077HA] &S REF EAA R #93 BHAAES Holx Edthp > 0.09).
7 & 2 =M(OR)= TE BEXoA 95% Al Fte] 18
g a&4g Azt FF(NAFLD) 2913

— O] AR

ques_35(F o2 ¥ A3 HjGAEFS HAY, A& FolH

sty A A FELS ques 35 0l(HOoE L3

3|8 FolHS A&, ques 35 03(HEH S8E wiiltl) & 370tk AF ¥

Aot FLsA 98 A== ZAFFEJQOH, ZAE 9 e ‘1 = A #Hx gy
A

B “9 = 8k 33] o] AR o]
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E 16 U GE Aol nhE AFAARLA Az
g5 of| ZX] 3 AAF(B) p-value A A+ (R2)
HSI +0.0387 0.3893 0.7844
ques_35_01
FLI +0.7799 0.0059 0.6661
HSI -0.0046 0.7757 0.7843
ques_35_02
FLI -0.1426 0.1605 0.6654
HSI -0.0047 0.7557 0.7843
ques_35_03
FLI -0.0294 0.7555 0.6651

A7 ques_ 35 01(Ao 2 TS ujgdAES o
1 AF(FLDSF A = Fofg o #-A
A, dd S 7 AE AFHSDYE o #HEd S

0.3893). ques_35_02(¥3]-& Folfs A& H

ques_ 35 03(FEY F2E vhilth F52 b AWS A5HSD 3 A3E A5 (FLD

o
=
2L
&‘1-4
50
E
™
Il
o
(=]
w
09]
=~
ko]
Il

FoA FAAFIE A —E& ]QEE F93kA] ol(p > 0.05), W L= A HHzH
L(NAFLD) | ZArete] A4 FrAdL A Ao Z Yewth Aoz
ques_35 &&E F ques_35 Ol( o ZAask wjgdES Hethwo]l AR A4

(FLD<}9] d#AAS Ao A4 AWz A SH(NAFLD) %
[e)

N
) =
°of #EAS Adstrled AV e Aew ddH

E 17 AFEE Aol 12 n9Yw 2A~Y ARY A
g5 of| ZX] © 24](OR ratio) p-value 95% CI
HSI>36 1.011 0.8589 [0.894, 1.143]
ques_35_01
FLI>60 1.111 0.094 [0.982, 1.256]
HSI>36 0.979 0.3299 [0.937, 1.022]
ques_35_02
FLI=>60 0.994 0.7799 [0.951, 1.038]
HSI>36 0.989 0.5898 [0.950, 1.029]
ques_35_03
FLI>60 0.975 0.2289 [0.934, 1.016]
s 2 2~E 39 EA éﬂr, ques_35 01(feo =z P g EFS H=the
A2 A4(FLD 29 (FLI > 60)2 224] 11118 Ro Addez =2 #d
5

o, AR %94’3}%1—3 2 SktH(95% CI: 0.982 - 1.256, p = 0.0940).
FoARS AFHSD 2APELMHSI = 36)#e] #AHEAHLS FolakA FSUTHOR =
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1.011, p = 0.8589). ques_35_02(Y3]& Fo|H
55 ATt dEE BEF o afds 2y

0.05).

3tl) 9@ ques 35 03(FEH &
HAAS Kol &UtHp >

3.3.3. o9 FFE& AFAF A&l WE FE333=(PFAS)

(PFAS)S] A9 =% 7F54d°] s 3oz o

, 53 2 SAE Alg)ol slgEty, A &
o] 5% }%), ques_49_02(>-5 3}/ 543t AR ot 78 H =
2 Ao, 5‘—4% SH S L = AREJATHEE 7 = widTAA R FA H

jru m{n

F 18 oFe] &FE AfAE Aol mE AP FALY At

Eia=s o &2 4= 3 AAF(B) p-value A A4 (R2)
HSI +0.0613 0.2664 0.7844
ques_49_01
FLI -0.1343 0.1558 0.6662
HSI -0.0326 0.5328 0.7843
ques_49_02
FLI -0.0648 0.4561 0.6657
oeF AP FAEA A, ques_49 01(obxxE0] o7 AFE)¥ ques_49_02(-5 31/
SAE AFE) FES BE 3 AE ASHSD 2 AW AF(FLDe Ao R
frojgh AEgd AEAdS HERWA SUTHEE p > 0.05). ques_49_01(eF-%E0] ofF
Ab8)S 7 AWE A FMHSDYY FAAIST7E +0.0613(p = 0.2664), A X S=(FLD
9t= -01343(p = 0.1558)= YEMNEA, ques_49 02(F 3 /543t AMg)E 44
0.0326(p = 0.5328), -0.0648(p = 0.4561)9] I AAFTE Ho BE AFxANA FoAo]
HEIA Bk,
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F 19, ok &5§ AFAE ARl mE aET 2AAY A2 2

= o] =] 4= 29 ZH](OR ratio) p-value 95% CI
HSI>36 1.030 0.3336 [0.970, 1.093]
ques_49_01
FLI=60 0.960 0.1978 [0.902, 1.022]
HSI>36 0.988 0.6484 [0.939, 1.040]
ques_49_02
FLI>60 0.975 0.3485 [0.925, 1.028]
sHFAEE, A8, AdZFAF, Fd, 57, AL E, 7] B, 159 ol sikE
A3, Ae BATE g 2AxF 784 23 ques 49 01(ckxk=o] o F A
4) 9 ques_49_02(F38l/5Atst AR dE2 BF 3 AWF X FMHSD) 29T
(HSI = 36) ¥ A3 A5(FLD 29 H(FLI = 60)9] @A FAHo=Z {23

AHGE HolA RAUATH(EE p > 0.05). ques_49_01(cf%Eo] o F AFE)E] ﬂ%ﬁ
2 4=(FLD) 193 to] tlsk ¢ =n]E 0960 (95% CL 0.902 - 1.022), ques_49_02($
3l/5 A8 ARR)E 0975 (95% CL 0.925- 1.028) 2 utEbwrom o] s <124 2 6@

% @%o] Wdmey AW AANAFLD) 1@z 2o Sddow §o3 o
Fo WAA gee AR

34. = HFHANE BE FEFHIHFE(PFAS) =5 FF

M
%

sAHE AN wE HESSIE(PFAS) =5 3 g4 Xl LR
(NAFDL) 24 7}sA S 224387 918 ques_31_01%-E] ques_31_067+A & 670¢] %
T d5s weew, 3HE3sIE(PFAS) 5% (PFOA, PFOS, PFHXS PFNA,
PFDeA)¢] 8% ¥% % oZx(HSI, FLDO 93+ x2S A9 7429l
SE2 ques_31_01(HE ofF = FAF), ques_31_02(WAF), ques_31_03(F7Z++7),
ques_31_04(30 = F), ques_31_05(Z ), ques_31_06(71E} ajAtE) & 670t A3
AHeT BdA 94 HAEz zAEQoeH, 2AE S %k% “1 = A HA
"HE Y9 = &5 33 Ol%”?]ﬁlfa T4 = ol St

il Fﬂ

&2 obo

nlo o
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E 20 SR HANES nhE AFHARY A

g5 of| ZX] 3 AAF(B) p-value A A+ (R2)

HSI -0.0419 0.3428 0.7843
ques_31_01

FLI -0.0168 0.7575 0.6658

HSI -0.1166 0.0533 0.7849
ques_31_02

FLI -0.1678 0.0174 0.6665

HSI -0.0211 0.6599 0.7843
ques_31_03

FLI -0.0554 0.3161 0.6657

HSI +0.0205 0.6501 0.7843
ques_31_04

FLI +0.0383 0.4981 0.6658

HSI +0.1512 0.0000 0.7857
ques_31_05

FLI +0.3913 0.0000 0.6685

HSI -0.0114 0.7543 0.7842
ques_31_06

FLI -0.0277 0.5852 0.6656

ERE 2

4=~

AP 3|AEA A3 ques_31_05(317)= 1F AWE A FHSD 2 A A
F(FLD) EFoA SAIFoRE Fost o FHaAAE BATGHSE B = 01512, p <
0.001; FLI: B = 0.3913, p < 0.001). ¥, ques_31_05(3F)E #1<) e 57 P2 @
A AFHSD 2 AR A(FLDRe] 3AAF7F 2t Az o84 ¢
S92 197 e

of, Y FHEe nLae&s AWk AFH(NAFLD)e) 2Rl
AHA Ao R e
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£ 21 s HANE BE nPT 2A2EY A7 23

ot d| & x| 4= 2 ZH](OR ratio) p-value 95% CI

HSI>36 1.020 0.7697 [0.895, 1.162]
ques_31_01

FLI=60 0.971 0.6606 [0.851, 1.108]

HSI>36 0.919 0.0771 [0.836, 1.009]
ques_31_02

FLI>60 0.912 0.0689 [0.826, 1.007]

HSI>36 0.986 0.8345 [0.867, 1.123]
ques_31_03

FLI>60 0.957 0.5198 [0.838, 1.093]

HSI>36 1.000 0.9984 [0.885, 1.131]
ques_31_04

FLI=60 1.028 0.6625 [0.909, 1.162]

HSI>36 1.123 0.0008 [1.048, 1.204]
ques_31_05

FLI=60 1.234 0.0000 [1.150, 1.324]

HSI>36 0.982 0.6267 [0.905, 1.065]
ques_31_06

FLI>60 0.983 0.6866 [0.903, 1.071]

A, Qw, ARASR, F, F, AARE FE, 87 A, 15D o) Ak
HA % 2 AFAGS nAS EF 2429 AR A3, ques_31_05(31F)

ginbo] b ArE A HSD Y AL(OR = 1123, 95% CI 1.048-1.204, p =

0.0008) 2 A7+ A 4(FLI) ¥ (OR = 1.234, 95% CI: 1.150 - 1.324, p < 0.001)
WA EAReR Fold ol BAHS e UvA ques 3l FESL BT
7 AE AMESD 2 AT ASELD w9 @avke] BAgo B0 §95

Z] LEI\}]:]:]‘(D > 005)

_39_



A5 = vgdaed AWz d3H(NAFLD)9] Oﬂéx] ol - .
I3t st E (PFAS) S WEAd, WA, ghebd b 59 SAHo= 18] s 4t
A H au Ao AFEEHO gtow T ﬁl%i Al o], &&=, B&eA

% a2 JtH(Fromme et al, 2009; ATSDR, 2021). 53] ¥ A
E(PFAS)S A=A 77 da 34 & 287 o 89 dxAdd 748 f71e

9 & A (Persistent Organic Pollutants, POPs)Z EHF 5w, ‘A3
Chemicals)®= &2, 7|4 A7 it 27 A7]=a vk (Post et al,
2012).

U dE A JdFE "oz 3 B Aol Axe] wEw,
(PFAS) 5%(PFOA, PFOS, PFHxS, PFNA, PFDeA)ol] tja] 4% 2
T Fx Aol7F fFostA vEwoeH, dAdA o 2 w7 #EEQ
Z7VeSd 2 FrUt Z71EleE A dko] FEldlt) oy 7|E AFgdA
W2, BEsts e E(PFAS)S AW %2 A& 48 1k diAr Ao
2 XA (Gomis et al., 2018; Jain & Ducatman, 2019). 5‘3
(PFHxS) SAA 2 7HE #Fo3 AolE nlorw, 3&=3u 7t (PFDeA)
I3t sl b= (PFAS) 3 vlals] ' Zpol7h #Zha ¥ e Wsido] 42 5
L}E]'L“dr b ArE AMESD 2 AN ASFLDE €88 v
(NAFLD) AFE 4 7ﬂJJr A 27}01] W}E’r H?ﬂ.% H]%O] 5
L

B Are A7) SRSFERAV 22A AR %}%ao{ 3= 313} ¢k (PFAS) €]
= o

%

2

4px

a2

o

fru

il Oy
_|0(' N{N‘

i)
2
o
o
=

2
ot

=5 —H
=
N{E n: J
L, o2 1o 32
1o
e ol N 11]
o, o
Nrsgrlomﬂ{;ﬂrﬂ o
. i 2
oL & O oo ot
T U e A/

o,

al

3
gl
H]

o

X,
o|\
N

al
Nl
oX,

H o1 ok ogo

15

O
USRI PARC) TLAJO] FzEYE JdS AZAAAZ=(Younossi et al, 2021;

i
r&?L
Z,
>
o
—
9
N,
™

ooZ 2 Y o
o

:LEM E}tﬂak Ay B ZA2E 3R A e 3E55EE(PFAS) =5
Fed vgdz e AUt A3 (NAFLD) A2 4 te] AR Fod A
FEEA Ut ZRE AMA ARERE, &7 T, AR E2GA AFENE, U3
S AFEHIE ofx ko] ofF Bl AR AMERIE Fo AEFI WFES 1 AW
T AFHSD 2 AWIE ASFLDS 25 fFost A8 #AE Holx| &qem(p >
0.05), 3]AAF] Z71% +03 o= =gtk weh, nga FiHo dd ZA~E
F|AEAAAME 2=H(OR)E 1S TR Mgzt 2850 9lof, HHAL ¢
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ooz 53t7] olggdrh. AGAF R« F AE AFHSDAA oF 0.78, A
W3E AF(FLDAA oF 0660% YEFWGAIRE o= F2 sHdosr @83 Ad A
F(BMD, A8, 48 5 71T gz 8l 7de AHE M. oled A
v &35 EPFAS)S 7 A4 digh dFo] A4 £ AEHF wEodAe @
71w WEstA =dquA &S F ASsS AAET B v §Y 5 lxeE
87 e 5 JAds o ® 3 dF getd oA e #ES S EPFAS)Y 1
AL o] kel <Fe] #wAdo] By ub o u(Stratakis et al, 2020; Liu et al,
2019), ol¢t 2] B dAFE FW AAE dmsts duk AFHGS gt e® 367
ol w=EH TS Apolup Aol-fH A gl o] wrdd AR & Urk =
AR APAT= AdeEa 2 2dAY FUEs TR flonE s

dTrr o AAZE £ Aot zolgs B 7bsAdel =rth(Bassler et al, 2019;

Kang et al., 2021).
AT A EE WA AT (Cross-sectional study) AAE Q&) AF}APFS 937 o
Ha, ArtEaA AEzAbel ok F4 oA JheAel EAlEH, H#EIEEE
(PFAS)2 t&fst &= (Homologs) F thA;HE (Metabolite) S X833 &=
2 AFoA = Agd 5FRES A ST Hol Aok w3 AwE A (HSD
Wk AFFLDE dSATEAY 84S Aoy, 9494 da vl
g AS W= 2 ok Agte] A& 4 UH(Castera et al., 2019; EASL, 2021).
A | ol Aa7E Al AANE, Tl HEststetE
+ Z3H(NAFLD) 7te] A#d S AFHo= E@ﬁ?} o3
W At A ShmA ooyt An) 3 FalEd ) tiAbg dE 119
HES A7 dHeA HEIATE HoA AAH o) AT F ﬁlﬁ]r.
ze A glole 3 ArE AFMHSD 2 AIE A

slo] Mg m2A A7 ASH(NAFLD)Y 9dx=s #H7Eg 5+ IS
15 S H}E33gEPFAS)S 584 9IS
t} o]l 3 A 3233 E(PFAS)Y w4 =% EAI Ak 23
g = A715F24 A (Cohort study) 2 thr]) =
= A U =88 EEPFAS) R Fes
9 2s5Es 83 g g AH 5 Ag
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alil

o

, H=stkst

A% el
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“(Cross—sectional study)e]t}.

s 283
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[#=] $E£33FE2(PFAS) =% FFd & HgaLd A
FE5-31. 298 &HA A8 ©E #ESEFE(PFAS) =2 FF 4

3 A%

(NAFLD) %4 754

T IESRREEAS Hizhel) H Rk HIRK®
e AeTFN) IR KB HHS  HNA A HehRsk  MdunBs [owRk  HohRsk  MdunRsk  lowRk
)T o kb Ay b W23 & AW 6 286 1D 39 46 25 5 56 D
s ol Sl M| 468 742 68 G 247 10 26 s T4 19 B o1
MRS Sk 9133] 3 6B 48 238 101 44 78 78 6 5 a4
PSR p— 9238 &b 401 62D 289 1B 5 a3 2 1 0 26
gl Pl 87| b 463 ] 4B 8B 247 108 78 6Ll 101 2 23 )
A183k= 3 <133] B 602 434 250 16 I8 38 54 Rl 7 a2
9238 ’ab  29M @B 328 13 R3 474 193 a1 316 174
] Rl 3k =463 QK 488 &b 201 1A 6 &6 8 76 8 &6
]33] 7® RIS 547 265 1B 19 A8 %3 1% T BN
4235] D 8B 6® 2% 176 8 a7 24 % 7 3
ESJEPALEZS F463) 01 9B 632U 1A a7 R 21 0 34 R4
]33] R G 25 A1 24 22 8 D
9238 &% A3b 6B 28 12 312 a1 A7 8 8 04
] 7] A 3K =463 788 R 54B 5H7 108 T8 D T2 w R 516
2133 6 BB 495 22 1dl 8 51 a1 77 64 ®
9238 B AW 565 299 12 37 Y 29 25 %6 519
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FE-32. 585 AF B FEZHIAFE(PFAS) =& FF £4

AT INESRREAS Hrinkigl) H Rk HI Rk
e = Y W® MK PBNA  BDA  HehRk  MdunBk  [owRk HhRk  MdumRsk  LowRsk
SR 6B 197 4D 261 1D 318 55 27 73 27 30
SHEEIRIA w 2» 73 al 1D 3 24 213 210 x5 06
e i ™ B’T G5B 26 1 2 474 25 193 6 6
ZBbIA] 7 BSR4 W 199 62 B 18 28 F7 5 27 4 570
= o] A= A 7B KB 6B 20 16 2 24 24 212 %9 519
& /RO Ho= ok 0w = &2 4B 18 U7 20 163 143 RS 9
R e ] 8B 1’ & 30 1% U 2 174 BV} XAl 25
R e AR KA 4B 39 154 313 0 188 56 33 Rl
7E} & A4 B 2B 13 M4 44 11 22 33 44
S 01 2% 4 a7 13 10 33 X7 133 7 00
TEE IR 0w 24® 7R 3D 12 5 1 174 198 377 05
A 1y 7% 193 58 o0 16 a7 R 21 19 a7 7
ﬁifg—gj% #2521 7 Y A” 4 B 2 212 &6 21 182 L4 T4
S 28] A= A W AP 6D 2 121 5 27 28 21 5 R4
=) /RO Hoi= ok 0 4B 2/ 3D 18 214 613 143 R6 0 214
e e ] @2 a8 4 3B 1® 73 55 73 73 122 515
A 27l h 31 2 8B un 49 301 17 73 55 122 ) 55 515
7E} &7 198 6D 34 1B X6 38 05 W% 21 4
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Fatty Liver Disease: A Cross—Sectional Study Using the Korean
National Environmental Health Survey

Ji Yeong Yun
Graduate School of
Public Health

Younsel University

(Directed by Professor Kim, Chang Soo, M.D., Ph.D)

Per— and polyfluoroalkyl substances (PFAS) are synthetic chemicals widely used
in various consumer products and industrial applications due to their high thermal
stability, hydrophobicity, and chemical resistance. However, their persistence in the
environment and bioaccumulative nature have raised increasing concerns about
their long—term health effects, particularly in relation to metabolic disorders and
liver function. Accumulating toxicological and epidemiological evidence suggests
that PFAS may contribute to the development of non-alcoholic fatty liver disease
(NAFLD) by disrupting lipid metabolism, altering hepatic enzyme activity, and
promoting insulin resistance. While several international studies have explored
these associations, population—-based evidence in Korea remains limited.

This study aimed to examine the association between serum concentrations of
five major PFAS (PFOA, PFOS, PFHxS, PFNA, and PFDeA) and NAFLD
predictive indices —Hepatic Steatosis Index (HSI) and Fatty Liver Index (FLI)—
among Korean adults using data from the 4th Korea National Environmental
Health Survey (KoNEHS). A total of 2,592 participants were included in the
analysis. Multivariate linear and logistic regression analyses were performed,
adjusting for key covariates including sex, age, body mass index (BMI), smoking,

alcohol consumption, physical activity, ventilation practices, seafood intake within
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the past week, and residential area. In addition, survey-based variables related to
PFAS exposure, such as frequency of use of coated food containers, plastic
packaging, disposable goods, and types of drinking water, were included to explore
potential lifestyle-based exposure pathways.

Results showed that serum PFAS levels varied significantly by sex and age,
with higher concentrations observed in males and older adults—patterns consistent
with PFAS’s bioaccumulative properties. However, no statistically significant
associations were found between PFAS concentrations or related lifestyle variables
and the NAFLD indices (HSI and FLI) after covariate adjustment (p > 0.05).
Regression coefficients for PFAS were small (ranging from -0.29 to +0.18), and
model explanatory power (R?) was primarily driven by established metabolic risk
factors such as BMI, age, and sex (R?* = 0.78 for HSI and = 0.66 for FLI).

These findings suggest that current PFAS exposure levels in the general
Korean population may have a limited independent impact on hepatic fat
accumulation as assessed by predictive indices, while traditional metabolic factors
remain dominant predictors of NAFLD risk. Nevertheless, given the long half-life
and cumulative exposure potential of PFAS, caution is warranted in interpreting
these results based solely on cross—sectional data. Higher exposure levels observed
among older males underscore the need for Ilongitudinal studies to assess
long—-term hepatic effects and potential dose - response relationships.

This study adds to the growing body of evidence on environmental risk factors
for NAFLD by integrating nationally representative biomonitoring data and lifestyle
exposure assessments. Future research should incorporate imaging-based
diagnostics, a broader range of PFAS compounds, and longitudinal designs to
better capture temporal associations and causal relationships. These efforts will
provide critical scientific evidence to inform public health policies aimed at

reducing PFAS exposure and protecting liver health in vulnerable populations.

Keywords: PFAS(Per- and polyfluoroalkyl substances), NAFLD(Non-Alcoholic
Fatty Liver Disease), HSI(Hepatic Steatosis Index), FLI(Fatty Liver Index),

Cross—Sectional study, KoNEHS(Korea National Environmental Health Survey)
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