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Abstract

Metabolic dysfunction-associated fatty liver disease (MAFLD) has emerged as the most prevalent
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chronic liver disease worldwide, with its affected population continuing to expand. The disease in-
itially presents as simple steatosis, which may progressively advance to metabolic dysfunction-as-
sociated steatohepatitis (MASH), hepatic fibrosis, cirrhosis, and even hepatocellular carcinoma. The
pathogenesis of MAFLD is intricate, involving the interplay of multiple parallel hits, including insu-
lin resistance, lipotoxicity, mitochondrial dysfunction, inflammatory responses, and fibrogenesis.
Conventional treatment is founded on lifestyle intervention; however, it is constrained by poor pa-
tient compliance and difficulty in sustaining weight loss. In 2024, resmetirom received regulatory
approval, becoming the first targeted therapeutic agent in this field and heralding a new era in
MAFLD management. Moreover, glucagon-like peptide-1 (GLP-1) receptor agonists, sodium-glucose
cotransporter-2 (SGLT-2) inhibitors, and peroxisome proliferator-activated receptor (PPAR) ago-
nists have also demonstrated promising efficacy. Given the complex pathogenesis of MAFLD, com-
bination therapy is poised to become the prevailing trend; through synergistic multi-target modu-
lation, it can enhance therapeutic response rates while mitigating adverse drug reactions. Future
treatment strategies are anticipated to evolve toward precision medicine, individualized therapy,
and combination regimens.
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1. 518

AR AH ¢ I8 7 1k 993 (metabolic dysfunction-associated fatty liver disease, MAFLD), H Fif & A S0 4
BR /3 AEN H SR — KB PERTR[1]. MAFLD SCFRARTE RS 1 g 17 14 HF9% (nonalcoholic fatty liver disease,
NAFLD), NADLD VLHERREE O, 2023 4EH PR £ LR LB A4, Gl v e PR Wibn i, Rk
TRE SN CARIRAT L7 ARy A7, ERER I AR S ELIK S TR R A R EE AR [2]. 4Bk
MAFLD ffifHFF8:38 7, 1990 4 %8 2021 4R [a] 5 NECRHf51A 13 12, Tilil 2040 4F 9 2K i 55% [3]
[4]. FEFREE-TEL AT RN DR, ROW I8 .2 [5]-[7]. MAFLD (15 5 it
Iz, BB R, AV (T ) &R B AR DS VE R T 8, kI M LA 4R, BT
BE NI RE AR T2 A, 30038 5 ) >5%~10% ] 1 4%, [R5 A IR HERE. 2 ARUBE PR . o0 I R
LT AMR S R H 8], KIALISK, MAFLD fia)7 LUEIS T AU E, ERMEZE, JTRCER. 2024 4
Resmetirom (IFRILST R T T 257 FIHIMB R , bR &5 MAFLD 1697 #E B H 254X, GLP-1 324K 5h 71
FGRF21 AU 2 W25 Wit N WG IR[9]. AR SCHE st MAFLD 17697 JR T I iA

2. £FEAANTM: BTHER

MAFLD H ai s Z ARX R SR 250067, A2 5 0T I o F% GRS, Lk B AR IRR s
BAMIZZE) T (ERE MR, b RBRKAL &P Al e Bk 25t 2wl fE A [ RE 2 b e
JEFREE G T 0 AR o v e £ — A ARHOME I AR D IR DT SRR . DALV e o R R e X, s
BIRAGA KRMERY) . G HABEER SIS M G AR, N TRy T ZEAFORI, If
BRAVZCA i fr . PNENHE S8, AR IR ar 48, A 20 MAFLD B IR 3R IR
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P 9D A IR BRI R 5 AR 1 T A R SN, A TR BRI AR B A5G R 150 J3 B rh A B
FEIiEsh L — 25 A 2, B R N 2 5% AR E 53R, & MAFLD BiiA %0 A3 7 2SR
[10]. fRAR K Ak & P A UK £ a0k DNL 22k A B R A Ak, P 6 20 0 DR Sol AR PN R s 25
Chengxiang Hu Z&[11]FIWF AR, {8 B IR B K AL A 1R & (LCD) R g R (1R g 5 1R & (LFD) % MAFLD
B BRI AR T, FH 3% g & (10 ANV R i 17 BRAS VLR A B Ik 47 28 11 B A KAk &4, 7T 23 B4E MAFLD
A FEAES 159% 11 16%. Huafeng Chen [12]55 BT B, [Alax 1445 & (8% H 45 &) nldad Rk Lrgl
FEPRIIRRIE, WA I 5 A& R ZE MAFLD It . AR, AR R &R e b
FAES M, 752 TSR AT M I £

BT HE MAFLD 56 B BB SR 7y, B A2l 5P vl AR IR & & . A%
IEENELEOE UL AMPK 9 D RERAC B RS . SESN F A SRR N 5 W, LUK miRNA 1%
[ GBI 2%, DR BERE IR . FHIRE B A . OO R B AT, 8 SR B S Ak 8 77 BB % 0
BS LU MA T TS MAFLD FIRERE[13]. BETERMI, A RIZ3. HTBH ISR R e &Rl
GREE AN A 1z Bl 20 HE R 177 R B IS SR AH L2 20%~30% 1) AH A Jik2b>) [14]

P B A PR ARV 7 ST A% O o REE R FE>5% R0 ERE W AE 1, >7% 0T S8 MASH THIE, >10%
A ReidE— AR AT AE A RE FE o R T- AR AR 98 78 MASLD 582, 44 4% 3%~5% 9 nl e AR i it
SR, ok EE A o 2 (VIR T AR 30 A 45 PR A7 2 s PR T I 1) 5 KBk R [14]

3. AT : MEIEESRTTREREETT
3.1. GLP-1 Z{&HEh5

ik e LB AR AR -1 (GLP-1) 32 4R35 BhFI7E MAFLD A97 i B BLH R 4FRT§t. GLP-1i@id cAMP/PKA,
PIBK/AKt S5 Z g MBE . Md a8k, R B 4. fE—IgAN 52 B 3ER 128 MASH
BEMZHL. WE B 2RGS0 KR, SRS RS (1.8 mg/H B N ER)EIT
48 Ji 5, FFiE k4l 39%H B4 SEI T MASH WHiB FLFAF 4L o4k, B30T 2 B4 9%; [F
IS} R, 6 JIk 2 B B R P 48 R P4 5.5 kg, FFEE(ALT) K F BB A%, B i, HBkeettr
Uf[15].

F At FE Jk (Mazdutide) fE 5 —F1 GLP-1 1 GCG XUZ AR EN 7, Tk SEAENE IR B Uk = S T B A R 4T
N . — 5L R W], Mazdutide 7] fe i #4533 PERK-elF2a-ATF4-CHOP {5 5@ s, T
NF-xB /5[ JORE SN, LS8/ i I B J o B A 4% [8] -7 (SREBP-1, C/EBPS, PPARY) I ZRIE , AT 5038 If.
S WA AT AR WA TE . BRI AT hn B (I ALT AST), FFZRMR 4 SE AL N [ 16]. (HIGALSE
JEFEVRTT MAFLD J5Til,  H FT24 K3 4 7R IR RIS B B

3.2. SGLT-2 i

BN - I E PRI HE B 2 (sodium-dependent glucose transporters-2, SGLT-2) 3 il 71 €145 i5 4% 511
(dapagliflozin). 4% %1% (empagliflozin)%5, A& MAFLD JA77 FF FIUME IE 52 2RI (1) 57 . 2025 iR
APASL F5FEFFEH, A% HIE . B S5 22 Fh SGLT-2 00 75 ml vl /b BF I AE G &5 B o5 3 ML 375 6 A g 7K
F, IR REAEL]. —TMNIERE T2 MASH B L0, WE. L. 2RFIN R 5K,
B FNFIRIT (10 mg/H) 48 FJ5, 53%[f 38 Ll T MASH 2038 H R4 4 A B4k, B2 m T B
1) 30%, MASH Zzfif % ANFLF AL D8 R B 350 T BRI [17]. Bk b, SGLT-2 il fE i
MAFLD & FEARAS KA AH D45 5 05 T B AT IR, (HR 280 5 7E & FF MAFLD (1) 2 BURE R B 35 ik
17, ATk = o B 28 R AN £F A0 B A SUE R TR [ 1]
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3.3. EBEACIEE K IETEYEUE S (K (PPAR)H B

I AW B AR IO 1) 5244 (PPARS) & — P AZ SZ AR s IR, 05 =AY, 437328 PPARa. PPARSIS
PPARy, WL HIEREEACH . AR E . RIEM AR REMRIZE, £ MAFLD M gl fig i A8 v
BB AR 28 o 2T 4kl 75 2 40 s 1 A F o R RO AR T [18] . iz )8 JE AT & (Lanifibranor) & —
4 PPAR #zh77 . —TE bR rits b WIBENL. XUE . 2287055 BRI AR I (NATIVE 356 FR v- A5 1 4z
Je AT B XNESIE MASH B TR, 247 44 838+ 1:1:1 BN Bc 24 H 1k 1200 mg. 800 mg (%
B, JR9T 24 . SR E7R, 1200 mg 2H 55%1) 35 S SAF-A P4 N >2 43 HIF A 4t R &AL,
BERT 241 33% (P = 0.007); NASH ZZi# 2 (49% vs. 22%) FIET4EAL 1035 2 (48% vs. 29%) th & %
AR, IR T A . AR AR AR [19].

3.4. THR-g Ezh5

THR-g fEFFIE S B RIE, S 5 RS B A & AE[20] . 5 3% & 2 (Resmetirom) &2 —F 1 ik, JiT
A ) D 3 R 1 IR BRI R 24k B (THR-B)I 371, 75 MAFLD/MASH Y677 SIS T itk g« dd i
IEFEPEWOE I THR-p 5244, (kg 07 BR Ak « ALK I A 7 A4 s o L i A, [0k 2 e o o U
BEIEIEF21]). —DUEPRZ 0 3 WIRENL. XE « BFI IR RIRIE W, 954 A& B R N A 1
21 MAFLD #%, BEFL/ECE S H AR Resmetirom 80 mg. 100 mg Biz2 R FI4L, ¥AJT 52 . 453 5E
AN, IRYT 16 JRF, 100 mg 4B D7 2 IR 4 PR AR 45.1%, 80 mg 4 FRAK 41.4%, ¥R ER T 2B
2H11) 6.5% (P <0.0001), HiZACHRFFLEZ 52 F; [FIF Resmetirom &3 F4K T LDL-C. #AEEH By Hil
SRR AL IR K, 23 T ALT. AST. GGT ZAFititr sy, FFIRAREY4E /N 23%
[22].

WEBY O T 2024 47 3 ARG FDA fititk, oA E AN SR TR 7 tEA B 2 0 1 44 i SR I
fifitk, MAFLD/MASH &2 (254 .

4, BRERITRME

MAFLD [RIFHLEN J i S R HPT. AR SORE RN AT b YRS 2 A il %, MASH L
YRATT AR N AR T 32%, W R W AT 55 . BEGRYT AR O IR R AE T 2 S )
[F7E 55 MAFLD IS 24BN, SBGaTT NS ST S a8 7 ) o FLSRME R EAHE . $R s a2
CHHARIIZR 2 S5 P R BT A 4 25 C 7 36 0 2 B R ) . e KRR YT IR (R B SR AT 44k o5 3
5 MASH JHiB). J8/0A RS ik BRI 25 77 S B AT T« DUREREE 2ok R . K2 i
E AT L =R UAE R, AR BEREZ (W GLP-1 #3071, SGLT-2 il 77) e A LA mi i
ISR 5 J5[23] 5T MAFLD 2 SE4T 2500, A 27 Rl ik— DAt o LA TN A% . 7EARIETA
5P AR E 7 1 GLP-1 2 s 5 (Rl Ak 7] A% iK) 5 FXR Bsh 75 (i B DI R) 5k CCR2/5
FEPUF D T FFY B L i e —— 1 8 3 3 0 R 5 o 5 SR K A AR 3L, DR R R A R
il JFF U 8 S /MA B0, Alkhouri 50T & 1) 1 TR bR 25 150 i 7s . 108 45) MASH(F2-F3) #4552 Wl 56 %
EKECS cilofexor(FXR #371) 8k firsocostat Y697 24 i JG, fERFARIG . FFEG R 4F 4tk b cs
TrRIEMEMRRZ, HZaMRE, N MASH BRERITHRAE TP IR IRIEE[24] . X5 T OO H LR E 47 4
T(F2~F3) () B, ARUHA T S5 PR 44k (¥ P [R5 R 54k . THR-p 3 3h 713 58 £ &' (Resmetirom) % & PPAR
ZENR, BAEEESGE MASH FIHRFRHE. Fidk & 2 (Resmetirom)id i ik BV B0OE FHIE THR-B 244
Rk fR TR A . PRACAR BTG i PPAR 2 )77 W [E] I 0 PPARaIBly, AR TARYT . Bt e di et 4t
1k, WiBENUEIE AN, A EBFESLH MASH 4B 5 4F4E 0I5, (5 B AT = BRI A 245 A AR Bl PR
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RTUESE, 2R RMESR R 7 [25] . XCE QU@ % P A FRE SRR . Lee S8 NTE 2 ZUBEIRIG &I
MAFLD & d PR 7 10 24 JEIBENLX IRIRTG, A& T AR 271 B B A JBUMS 51 4 (E AR T i 107 5 B (MR-
PDFF) TR % (MRE) J7 T HL A B RO, T 2 S S0 I g 077 982> >3 0% LR 52 FAAR>20%% 1) 1 3 LL )
ik 50%, IR T LA [RIRTECE VAT RE G TS S R R 2 BT SO B N AR HERR, S KRR T
JIERE D7 FF B35 T TR R F K, $&7R PPAR-y B3NS SGLT2 il 7] v] 8 it EAMIL 190 [) e ik s
AN R A HEA[26]. AT, BRERIT TG S 2 kR 2R AR . AR RBEN . M2 T &
il LA B KA 2 A P B i i = 2

5 B&ERE

AU AE VNG 07 P R A 23R EE — KB M P, R 7 SR 1R 22 g A — A 3% 5 STl 2 ok
BRAE YT IR ZI AR o AR ARG 7 T2 V607 IR, Mg ik . BRI & IR & Koz 2 n]
A SRS T RS, AR PR 52 e sk B T o L 81 i 1 LA B PR R £, A BRI 407 28D SO 3
2024 X% 5 P (Resmetirom)FKHLbr £ #E MAFLD HE N 29, 1E R E AN VEIT A T RE RS AH 2
JE T VEIF 28 1) THR-B B3N 7, PT2 FRAR AT AR DT & B IR el 4R 44k . 1Ak, GLP-1 524k, SGLT-
2 M1 & PPAR #ah 74 th /BB R AP IT AR VR DE AR . 6T MAFLD RIRHLHIE 4, sz
LHHREAMR, BRERIT OB IESS, it 2 80 5 b [F) 78 55 O RS B =T RO AN R OB . [F]
AR NS W HE R I D a7 R R L 1 OGBS 4 FIB-4 1 VCTE i&H T2 )ZTH & F1 4 2, MRE.
ELF #1 MRI-PDFF JUl J9 48 [\ 3697 Ak B A7 AR MER 4L T RS8R T B, N TRReR3NN 2 4807 5 A B1E
R SEIVRIT . 1ML TR [27]-[29]

JEHE A K, MAFLD IR E B Z D TR UL S B A 4b, (B THIIG 8 2 BBk R . i B R
MAFLD 3877 B i A (0B BRI B, T REE T SCFAS. RH VB4 W A4 1] i /0 30 5 4% 1T - P,
i ERE S AT KIS A SR A AT TR RS E G R TG K 8 REFR 5 7 T AR R — e U, (HI
L5 1) 250 1 P R ONABL AR 38— DR R [30]-[32] X R 5 41 4 A 3 i 1) 245 W I R e S BILAT o7 250 25
(RO, JE L RE % TR AN [ 25900 S5 7 () A Wb G DB R ot SRS RE T AT 4, R TR A% . AR
Y2 AU 2 J W1 B BRI 16 2 A 2 B R, B U H o R 2 B T 5% v I 2 1) I A
H[33]. UkAh, Bidh LT E M PAGT A B, LA Resmetirom Jyfil, HARIRYT 9% %008 19,011
Fou, TDAEGTFEVPL SR IE SRS T35 R AR L(ICER)Z) N 140,134 32 J0/QALY, =T 10 i3
JGIQALY 15 WIS A B BRME, $7R 75 i i B s th St etk — 2B 30 0F K 3R 25 TR R 5L T 1 2 40 5k
W&, CARARZGYAT KMt ST R YT FREEPE I P #1[34] . MEA AEIGIE S 24 . S UHES WA P AR & B o = F 4k
FE bEpRIERE, T7 R B IESGE MAFLD 38 i s .
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