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Abstract Metabolic dysfunction-associated steatotic liver disease (MASLD) has become one of the most prevalent
chronic liver diseases worldwide, and conventional metabolic risk factors alone cannot fully account for

its rapidly increasing disease burden. In recent years, endocrine-disrupting chemicals (EDCs) have
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emerged as important environmental risk factors for MASLD. Increasing epidemiological evidence
suggests that exposure to bisphenols, phthalates, per- and polyfluoroalkyl substances, persistent organic
pollutants, and heavy metals is associated with hepatic steatosis, liver enzyme abnormalities, and liver
fibrosis. Experimental studies indicate that EDCs contribute to MASLD by disrupting nuclear receptor-
mediated transcriptional regulation, inducing mitochondrial dysfunction and oxidative stress, impairing
gut microbiota homeostasis and the gut-liver axis, and potentially exerting long-term or transgenerational
effects through epigenetic mechanisms. Preventive strategies aimed at reducing environmental exposure,
optimizing lifestyle interventions, and targeting metabolic pathways may offer therapeutic potential;
however, specific biomarkers and high-quality clinical evidence for EDC-related MASLD remain
limited. This review summarizes the epidemiological evidence, molecular mechanisms, and prevention
strategies linking EDCs to MASLD, and discusses future research priorities to facilitate risk assessment,

precision prevention, and clinical translation.

Key words

Oxidative Stress; Gut-Liver Axis; Review

CLC number: R575.5

Metabolic Dysfunction-Associated Steatotic Liver Disease; Endocrine-Disrupting Chemicals; Nuclear Receptors;

AR T B8 BE A3 AH OC R U5 ME I (metabolic
dysfunction-associated steatotic liver disease, MASLD ),
HI PR A 9 8 P RS W5 7 F 9 (nonaleoholic fatty liver
disease, NAFLD), € Ch 43Kk & #0912 1
Z U i N RN 2 BB DR A AR 0 1Y
WAT, MASLD U AW R gt b, Jf g 4 it e
o A T RE BB AR OC IR W7 PEIF 22 (metabolic
dysfunction-associated steatohepatitis, MASH) . i {L
MM (hepatocellular carcinoma, HCC) . [FH:
W50 ML PRI 2 B DR AT IE R 1 i g 45 4
JRRH LI, AT B R E A 2 3 T AR R R
g fa i &R, WK . & RICHURA B AR
Jr U4, HARAE MASLD (1 % A % i rh R 45 T 2 A
R, AL i R 2L 58 4 i B A 4 RV PR A DR G
A AR, HEEN W T LY (endocrine-
disrupting chemicals, EDC) 1E 4 W 76 ¥R 554G 5 A 3=
B REY . AR R, EDC 28 Al
AE 5 T JUE B A 5 o B S S W AH OG, (HAH G
WA FIEdE 5y T AL o = R kA . Wi,
AR EDC 5 MASLD i 56 #Y #F 52 oF Jé 2t 17 25 38
VU Ry 5 22 ILRIIE 5 5 XU A R ik 2 2%

1 EDC 5 MASLD fBxBIiRITiR=FILE

1.1 £Bk/Xig MASLD ftfTi#a
MASLD 18 5 M B4l v 1T g 7 72 74 %) MASH 1Y
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AR AR, 5 H T — D gk RO A 4L
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2006 4F- 38 i1 29 50% , BLEL KR 4 Bk fe H UL A 48 Pk
iz —, HABAFRRZ: B sm A 6 X Y
MASLD f % 6 R 22 ik & 2548 . BB RE AT K. A
F 22 R AR St 25 28 0 & R A =X 4 IR 22 5% el 1 A7 7
WEES . PLTRMEWRRRE, Alik444%; 74
i Hh XA X4, 249 ok 2519405 S e HL
B R s T fH R ek AR, Hip, BEE X
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PR 22 AR, AR A A A A SR R L AR
AR O L T R B A B ik iR A
Ltk E MR R MRy
JREE WA SRR R A TR, EDC 22 5 3L

RO, B A) A A T AR gE E B e B E A K R
CALN EN R SR G E a2 U (L
K ¥ Z K (nuclear receptor, NR) 5 RAE/IMA | fif
Az 2S5 T ) B 32 SR 70

*1 FTEEDCHRERTFHER S RGMERRIIXE
Table 1 Exposure characteristics of major EDCs and their associations with metabolic diseases
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Figure 1 Proposed mechanisms by which EDCs promote the development and progression of MASLD
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POAH O B R 3R K200 G Bl 52 A i) 935 2 J5t X 32 1A
( pregnane X receptor, PXR ) . BT X Z AR (liver X
LXR) . FHF B ZIK ( aryl hydrocarbon
ARR) i Ak Wy B AR GRS A2 1A
(peroxisome proliferator-activated receptor, PPAR) . H
KRR i R Z 4K (thyroid hormone receptor, TR) . ¥
JeBE X Z K a (farnesoid X receptor o, FXRa) FZH

i

receptor,

receptor,

{&  (constitutive androstane receptor ,
CAR) %, HZH5RXRIEM S Rk, @@
Jot 9 A 7 RE TR AT R P A, R 2
& C(estrogen receptor, ER) . HEW K Z 1K (androgen
AR) P23 ZE Z K (progesterone receptor,
PR) S [ B2 KGR il Ay AR SR 5, Pl
WO 22 2455 AL LB (MAPK) FIBERR WL 3-
Wl (PI3K) /80138 B (PKB 2 Akt) il %, o

receptor,
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ANEFF IR . F5E b, JE PPAR« ¥
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B TE LR (e RkE . Bk KT,
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BHEEMRE, W35 A28 PPAR« BIUB M I
BUIE RS A AE 2 57, NUE Ak PPAR o A5 78 (1) 285 S
$E 75 Wy S HEAT) T

2.1.2 LXRa/RXRa il % LXRa 3 H 0 & 5 N
ARG A= B 3 T BE . EDC 2 88 25 5 B 3005 4
i LXRa/RXRa 3 I 38 H T i SREBP-1c, FASN,
ACC ., SCD1 %8 JIg i 2k 3 R iy 5 5, S8R &
B3 5 RN T P R I R BY. PCB R BP AL & 8 AT
DA o o 72 IR R i R AR Ak I D R A B A il AMPK
TG VE [R5 20 B, 10 RE 7 A= L5 AR Ak =2 18] Y
AR 4 1) A BT 1) D A, LXR o 1 35 B TS
25 Il 55 RH R B A HE S g8 I, T INE R 5
A GAE IR ZS N 7] MASH 9 BB, Rad, ERak
o EL AT BH A 2 UM - IIE LXR o 57 25 BT 1
] FAENE , 18 LXR o S0 7 355 50 3h 4 Ass 78 vp g
T BE 2k 35 17 3 57 B2 F MASH £ B4 eah , il T
T el A2 5| 5R 6 H T R 3 A2 6 IR AT 28 FXR-FGF15/19
Bl B2 1) PR LXRa, B A IR R AR — 21 4
[i] 5] 3 A, 2R Y, ] — 32 AR HE AN [ 4 M r 1) 2800 ]
REAH I, o 45 Jm) 1) 2 32 PR SEOE i 00 B . RS e
T FNAR T 5

2.1.3 ERo/#E & F i % % 4k (glucocorticoid receptor,
GR)i# % ERa 5 GR 76845 IF IEgE & Al . RAE
FRE 5 P A S Ve R D 0 A v R G EEAE T,
BPA &R 2% — F R i () 32 B2 05, AR R 55 M 9
AW T AT DL GE o R ME R 1R S i Y R R B
g1 % R B A O A0 ME B AS B A A
JE A S AR, T4 ERa  EDC 45 & )R, & &
0 MAPK HI PI3K/Akt i 72 8% 306 05, B 2 A
Jo % SRR IR 3k [ 3R 56, 51 & ARORE I L AT R 1T
FRESS9 gt A, 43 48 48 — W R IR 346 7T 1 5 GR
A 005 SR SR A R L 8 i HE DR R D5 R B e
14 ] B A PN U PR W B B R AR AN, S
W b K 22 ax BOBE SR AL R RE T, AT EE 5 51 R IR i
AR PRI B A N e BE RO M ) L AR N TR
MEKVMBEERNT, F—{bEWEGTEN. &
ORI 5 o 28 5 0O rh oK 2 7 A R [R] ) ) 4G
g5 % B W ER/GR {5 5 F1 DNA B 34k | 4
HAB MG Z 8] AT BE A B AR, B MU HE A B % il
0 H A R 220k [ R A i R e R E
By B 1 2l A AL 1 AN g s O A T — e AR R
i A 5 AR T B[R] A5 R R A JH AR O

2.1.4 AhR i % AhR j& POPs ( 41 TCDD. PCB.

PAH) (% CHERE &, G X e S/EM . R
SE S . B PE AR S M RE B AR B A W B e
B PR R S 005 AR 1% S CYPIAT, CYPIBI %
2 55 JIFWE A 75 00 40 B €2 3R P40 i L A B ik, 7
AREEMESA (ROS), SHURRE AL, Lhifk
UItie T B S A e H Bk AR, [R] B 34 B8 41 i) PPAR o
KT - bk 2, 422k 5F 8 15 5 08 % B
RO, {H ARR JEAE Al Ay A FE 2R, Hak N
LA B AR 2 R 2 R R 2 B (R P L 8 A
B M AR W oA T 1 ma| R IS T A T A R R O s
A, FEE &M T ARR BE 8 0] RE S S ALK 40
JHLRBE T 10 28 A &1 24617 (&, 3
A W5 H DL CYPIAL 458 T Ui 43 1 W i /E 8 AhR 2
55 B0 A B, L3 A 3 I 3OS A R T R BB IR
] AhR & 950 i R 1) 2 Ik s IR &, ARk n]
Al L B A R X AR Ak 2 ) B A 5 AT AR 3K L
() 4k M BN, BRI AT i O Az A R S T TR
B 7 AT 5% 2 — 25 TRV PR R 7 1)

SRT . NROFSUERE T EDC AT R dn el /E
7, ARG R WA — e N BRI i B8R SEBRAE A
Z K", VFZ UM S50 5 5 R FE 8 wmol/L 2%, 3y
YIS 2R S mgke S, HZ W —1bh
Y. A R L ELSCHE A R R R
WAL, IRz B . A AR HE Y 52
Wi, AS[E 4 R0 A PXR . CAR H1 PPAR it 14 ik £ Pk
AN GE A A R0 Rk, BIL I 5 4 B 7R W
& SUVR BE Z AN Al N A RO B, IR L AEA W)
W B L 2R A SRR A AR A o R
O A 3E RO R A A AU OB
2.2 S|WRHEZLRIKRIhEERERS

EDC 75 5 1 4801k 07 380 5 2 R 1k Ty R B 1 1 TA
k] BEAE NS 5 A8 P 1) MASH %4 4k 3 F2 b % 4% & B4
RO S BE AT VE ) NR A AU E AR A T
Ui N, AT BEAE A AR Xk S7 A G HIL R S 5
DIge R A, Z Wit o SR, 2R EDC AT 4k
Lk ne sl , BRI EERE . T
JZ 1, EDC 0 fig 5 2k i K B5% 2 11 8 2k hr /& DNA
(mitochondrial DNA, mtDNA) AHHAEM, b 1
1 33 4 B A R RS M, BRI AL A 3 AR I o
ATP A= 70, g o AR 32 B AT AE -5 BUI8 I R B - %1
fLRE 1 T RE, 784 S A0 09 I 5 8 76 40 i 9 &
BERACIF VIR, TR BRI, S Fay, £
W7 AR T BB 327 30 0T B R A AL R IR RS, B9 ROS B
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PN 2 AL ) B A o 1 IR S 2% TR 1 AR
T A R A5 R R R ) R AR R

i, ROS T = & 2 Bl 5 405 2 9 4 5
PERCAS , BETTBE Sk EDC i SRk R FE N, W
A RE 2 R AR P AR R ) gk R AR . B,
UG ROS . TN B sl 47 480 b il A5 1 xfE DL H) o R AR
B Ok o SR ANMETR TR AR, G, B XTI ] — 0
DEHP/MEHP (DEHP X9 ) K B - i il AFF 52 7
K DEHP (3 000 mg/kg) #1MEHP (100 mgtkg)
#, A B T IR T A R e, AU DIARR —
TR R B 52 B PN % 68 KT o oA R I SR FH UG 3 N
A W DN R e IR B TR A R, Jf
S AR . SR . AR s A
2GR BNy 2E A DAk R DG 2RO AR LR S A L
A ISR L
23 E#XEASHEREZR

MOk AR 2 BT ST 3R R, EDC ] figam i i - ATl
2 5 MASLD #H SR i Z2 B, H 2 58 mT 8 ol 5 i
AR, BEARUBAT A . LR AT I AF 45 2R T
Ee i, 8] BE 3G O 7= IR £ B (lipopolysaccharide
LPS) B9 #5 =2 [CRAME R =F 7 (HAS R B 52074
BRI M IR A B, SRS 2
P =N E VAN <3 71| N i o S S 9105 o R A
B Z N, J0 BRI R Wk /> | ws] e i AR ) AR
R R 5 A S5 R S D RE M o o L — B, st
R % v /T FXR. TGRS, AhR. PXR Al
PPAR, M 5% M g BT A5 . ok s e 245 A 9 98
RPN R, Al R R A, BRA
o I A= A T B K T A7 AR T B TR
7~ PR BILA

PRI AFF &5 4 2l A8 18 11 0 Bl g 18 B B ) AE 32 B .
5 R, EDC 2 &% MR R % iEHEH (Zo-1,
occludin) F ik, g 18 8 &k, i LPS 45 N %
F SR AT K O B0 Kupffer 40 i AH 5¢ 48 4E 38
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P (0 TLR4/NF-kB) , M #F ik & = 80 .
JIE 98 K Je £F HE AR, peAh, B EE A S 00 T R
P78 o6 B 5 3 FXR-FGF15/19 Bl 5% min J7F 0 A 5 £ 341
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55U, gl & w0 AR KR A ZE L

SR, LA S W)W 5% o FF B v 0] o 2 68 A
PR AR Ak, DX T 8 0 2 R R AR
HEAN R, ©RA9k TREESEME . SEurse
oo SRR TR AR, ARG S R A
YR ER . iR LR LIS WM STk, JIF
5091 ¢ B AR ) e 75 48 e o A7 AR A S R G
FAL, BRI, B IR R EDC AT g i
I3 iy 38 T A A8 M B R ) RE 2 5 MASLD AH OCAR i 25
FIE (S O QNG o 31 s A el OB N = R L
e, AR Z 0 AR B — L Bk
24 BHEENZEER: AFFINHBIRERE

W £&

FRHLH Z RIAFTESCHAEN . B S, PPAR.
LXR. FXR Fl PXR % 32 {4 2L 52 RXR K #8 43 3L 4 v
K, EDCXF e — A~ 32 4R 0 o5 AT i el A28 I A
2 A R TC A AT R A Sk s o IDE LXR 3K B0 AR
JoT A S 2 B i OB AR IS B T T, 2R R ROS L
Al AE Ak T 8 T 0E INK . NF-«B #il NLRP3,
fifi A1) 3 g B % Ak Ol R E )N . AhR 35 519 CYP
filg 76 A% 3 A0 U 4 8y [A) B = 42 ROS, I AT 304
PPARa A OC B-4 Ak, # “ 52 1K 5 4 72 - SR Ak L
W-BEEETE” AR i 80007

HWR, W iE R o TR L WA AR A D
J B NG 7 2 B ) 98 7 FXR . TGR5. AhR. PXR &
PPAR, EDC i Ji i B #F el 22 A Al g 2 98 N P
ZARBAR . SR, AR R A . AN IR
AR R T HE AR A S A B iR AR S . bR
e I8 )5 1E AT 0 K 9 LPS W] 38 3% TLR4/NF-k B Jf 1
il 1 &2 2R A PPAR« {5 %5, fif A8 0 — 20 Il 55 IR D5
i AL AR D750 ] B B L BE AR EDC T S
— SR B S PR R T R i R AR ) L RN
TR A 22 58 ] v] 8 7= A8 H PR 38 I 8500

{3 2 52 B AR A E AT 322 R [ S 56 B Bz
M, JEAS% T Inl— B 68 & F 2 &k W] 58 5 W
Wb, AFEEAEYREST AW EEAR, PFAS
B [5] PPAR/PXR, - WEHE ST fl[7] AhR, fij BP 1J
AEAZ ER S MRS S igm o 5 S iF o8 7 B AR R — 31
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