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[ Abstract] Metabolic dysfunction-associated fatty liver disease (MASLD)
mainly includes simple hepatic steatosis, and on the basis of this, metabolic dysfunction-
associated steatohepatitis (MASH) and subsequent liver fibrosis, cirrhosis and hepatocellular
carcinoma(HCC). The global prevalence of MASLD is nearly 30%, causing a significant
disease burden. Early diagnosis and treatment are important. Liver biopsy remains the gold
standard for diagnosing hepatic steatosis in MASLD, but it is costly and carries risks such as
internal bleeding and infection, making it unsuitable for large-scale clinical application. With
advancements in molecular biology, genomics, and machine learning, an increasing number of
non-invasive monitoring methods are being applied in clinical practice, and predictive models
based on these non-invasive methods have achieved good clinical outcomes. This paper reviews
the recent advances in non-invasive MASLD diagnosis, mainly focusing on imaging and

biomarkers.
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Table 1. Application scenarios and advantages and disadvantages of imaging diagnosis
of simple steatosis
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7E: CAP.2 3 %M A4 (controlled attenuation parameter ) ; MRI—PDFF 33k s A% T 55 g B %~ 4% ( magnetic resonance imaging—derived

proton density fat fraction ) ; CT.itHALET E423# ( computed tomography ) .
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Table 2. Non-invasive diagnostic performance of simple steatosis

iy 4 PR X HebRifE LN ED AUC TR TSR PPV NPV
Bifa" bR oA - 0.93 84.8% 93.6% - -

CAP™Y TS 302dB - m™ (S1) 0.87 80% 83% 97% 37%

331dB - m™ (S2) 0.77 70% 76% 84% 58%

337dB - m™ (S3) 0.70 72% 63% 52% 80%

MRI-PDF" bEg 6.9% (S1) 0.96 84% 83% 99% 28%

16.4% (S2) 0.95 73% 91% 89% 77%

23.5% (S3) 0.92 64% 93% 64% 93%

cr - <38.5HU 0.97 94% 92% 41% 99%

FLI™ i >60 0.88 28% 98% 88% 78%

<30 0.88 69% 87% 68% 88%

HsI™! - 37.85 0.81 81% 69% 55% 89%

SteatoTest"™" Tk 0.38 0.72 90% 45% 91% 41%

72 AUC. 2iXE W& T @A/, PPV. [REFUMAL; NPV. B FRMAE .
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A, B HE A K T 12 (FGF12) il CK-18
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Bl % HLAS 4 > TE G PR EE A R, 45 s
58 T MASH LM T — 5 dE . Li S5 B
57 2% WA LA 3 %) P 28 N 2% LEARN 5803 76 Il 2k 4l
[AUC=0.81 (0.77, 0.84) ] Fl 5 i £ [AUC=0.80
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3 LFHELRIISER

3.1 E{FESH

W B 3 PE 1% (transient elastography, TE )
Jod . R, & KD BHS ik . Bk
M TCRHBPEAN A Fh e I R T Atk
5, [ B0 S UE N BE R AP, ATAE A2 Wl
W i 3 2T AE AL ) —£R 2 W T Y, Garg 45
ST B0 TE AT 95 765 HE B £ 257 1) Mg 30 - 2T
AT R I A8 14 5 T B2 W, E 0 S 2 4
A fb (F2-4 vs. FO-1) FIMEHHLF4E 4L (F3-4 vs.
FO-2) (%) AUC 4351} 0.65 (0.52, 0.77) #10.83
(0.72, 0.94) "7, R4 TE AT LIARLF IO HERR eI 2T
Hefl, (EILAERG T REZ BIACRE A R R AR
fsgme, BRI TN SR tAh, S4EEH XL
PREFTT I TR PR R (BMI > 30 kg - m™) FUIEA
— TG 992 44 T Jrk B A XL #REH X 2 4R A i
PEAR &3, XLE&EH T HEER (> 95%) , R
WAL (3.2% ) , sellR T M EREHTENR B IR
FRE R CTE A A ORI  JR R B

o e PR 3 B 4% ( magnetic resonance
elastography, MRE) J& J) —Flka I 2F 4 Ak i 4=
AR, BEE T IR R E—An]
DLy s b, R R 2N NI, i i itk
(8RR A7 X B 75 DR % B — T4 9 AR 1Y
Meta 387 H, DANFIG K25 SR A S ], & B MRE
FERS I MASLD £ 4 Ak J7 1 HL A 38 55 (1412 Wi i 1
P, BWIRIE (=1) . BF (=28) | K
Wierdife (=3 FAFE L B F 2 AUC 4351
$70.86 (0.82, 0.90) . 0.87 (0.82, 0.93) . 0.90
(0.84, 0.94) 1 091 (0.76, 0.95) , H A%
BMI 4 5E 2 B i 52 ¥, BL A, MRE 7E 454
IS SURTAINE 28 SRE0E € SN iwalll KT e w2 il
AUC M 0.92 ( R =79%, 55 =89% ) ,
X} F M LF 4EAL i AUC h 0.92 (SURE =87%,
TR =88% ) , X FHFEELLIY AUC Sk 0.94 (fi%
KT =88%, HESEIE =89% ) M. & [ AT R HF 5

222> ( American Association for the Study of Liver
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Diseases, AASLD) #5555 )5 T MRE 7£ X 43
ANFRRELA AT ER, IF SO F P a5y
KA RIZ W MASLD A I BT 4F difb R 19 T
H™ MRE 7£ MASLD 12 Wi rP il 25 BEAS i 1)
Jrids, PROLTRANR A SUE R MG, A AR
e FTAT 332 R AT EAZ R
75 58 5 7 Bk ob /2 (acoustic radiation force
impulse imaging, ARFI) $ZAEF H#E A A& H
hE LU 7, TRl P= A R Y b,
iR =N S T URTI 37 5 SN (1K (K < R4 e
PERFIE . ARFI HE AR SR T 1% 48 3t i AG o IR
HAUTCTEA SO A Ry B, i ARFT H2 AR 14 1
FHYG I A M, ARFI £ AR AR S 72 o AR
TR B W F ot e, EUREA BArsr 3,
WEGRAN I R RSS2 T HRHR R E IR L
Lee SR KB, 5 FLF4E4L (FO-1 vs. F2-4
1Y) AUC LK 0.657 ) FHEL, ARFIL XT3 £F 4k 4k
(FO-3 vs. F4 By AUC 4 0.92) E A7 H 412 i
R, TTE BMI < 42 kg - m™ WARREEE
ARFT 534 AR R A% LA /=0 %) o A A T b =5 2
difl, FHHUREE K 923%, ¥ E N 82.6%,
AUC 4 0.86, WA~ 1.32m s, {H ARFI
7 T IR P BB 3 P A P o A A R
ARFI 7E MASLD 2 Wi i 2 —FhBr M ER, A8
PRAL ST MRS B DA, (FHE: SRR A T
i i 2/ =0 S| L a1 O 2 o Y - A ST O A |

Y AR L3 3.
3.2 AEWtREWES

MR ASRE I 2T 4 E sk e 4 3
Wi, (HRE S ER R, TS
TR ZT2 Ak o, 30 X bR AR A

NAFLD £F 44k 343 ( NAFLD Fibrosis Score,
NFS) Zif TH . A BA MR, BMIL, I
ANBR. FLEE PR AAR (AST 5 ALT B HUfE)
Kjaergaard 55 Bff 5% & AR T 41 i R = F2

( AUC FMEURRE 73 51 4 0.56 F1 88% ) , NFS Xf
T = F3 (AUC Fl #4301 5 0.66 11 94% )
()12 Wi R S 8 B 1 Angulo 45 38 5 NFS % 2
W T (AUC > 0.8) 1Y g 2F 4k 1k, & &
W B (B ( >0.676) wJ LA v Ay K6 00 i 1) £ 4k 1k
(PPV=90% ) , TiHALAEBIHE ( < -1.455)

AT LA e oK b HE B s DI 2F 4 fk (NPV=93% ) ,
fli AR, 75% W 88 T LIGkE SR IG K, 90% 1Y
R T A

FIB-4 1 43 (fibrosis 4 score ) [ T MASLD
2 Y AL IE 4y, AR RS, AST. ALT A IfiL /) A7 41
W, CASF RFIE, Park 2058 & B FIB-4 1
AUC 7 T NFS (0.832 vs. 0.772) , {HJZ FIB-4 fiI
NFS MUK . FE 5 B . PPV MNPV 78 5 fa 4l
FTMASLD 48 Jc 2SR, Wik, FIB-4 fedERe Bt
T NFS, HAEREA R RME MASLD &4
P, Kiyoaki ZF 46 3IF T FIB-4 7£ MASLD & £F

R3 FAEUZBFCHHNNRGSERASS
Table 3. Application scenarios and advantages and disadvantages of imaging diagnosis
of liver fibrosis

A 475 DAGER 75 PEH AR

TE™ JFREA TR . IR RPIERERE  TEROR BESLHEATIERE B2 i) BARKEUE, A S RZACRE . BRI . HTIE
{E, T HMATREAL A A B T RIS AR SEER A TP LT 4EAL R JRAE . RRITHIR AR Rh A 3R
JR: FEEE, ZWIANGY 7 R AR SR

MRE™ JIFET eI . RO ER T 45 B2 8 AE 3 LN R v/, 5 Beae RIS A 2% A O ELAG A i
FERFERAEARA 0, Sl IRHE PhLr, ERESS & HAUMRUT S CANTU 8, T aEsg e e
MMERRRIT T RIS % K T2INALAE ) Xof BT R AT 4 1 1) 37

fili, SRR
AFRI™ T ERE Wt RERB AR BESCmy AR REBEEAY , JF HLIREE ORI RAEEA IR, X TTEA

PR R

ATE s KA IR/, W& MRE, ARFIER R AR A b
THFR BB TR

THREHE

7E: TE.BERTFEME R A% (transient elastography ) 3 MRE.BEE IR 5EPE R A% ( magnetic resonance elastography ) ; AFRI. & 5 4% 1 bk 7k 4% (acoustic

radiation force impulse imaging ) .
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AP R, IR Mac-2 256 B AL
SRR (M2BPGi ) TS, & B FIbR &4k
SR A F B (77.4% ) . PPV (87.9% ) FlifE
i ( 80.6% YL T M2BPGi il FIB—4 FophAg i
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Table 4. Performance of the non-invasive diagnostic for fibrosis

K 25 Xt bR T {E AUC Uk Re 5t PPV NPV
TEP! - 6.7 kPa (F0) 0.86 66% 84.9% 88% 63%
8.0 kPa (F0-1) 0.89 83% 84.7% 64% 94%
9.0 kPa (F0-2) 0.97 96% 85.8% 55% 99%
11.0 kPa (F0-3) 0.97 100% 89.8% 45% 100%
MRE™! - 2.65kPa (F1) 0.82 69% 82% - -
3.14 kPa (F2) 0.92 79% 89% - -
3.53 kPa (F3) 0.92 87% 88% - -
4.45 kPa (F4) 0.94 88% 89% - -
AFRI™ ke 135m s 0.66 46% 93% 86% 66%
143m - s 0.87 70% 94% 78% 91%
1.50m - s™ 0.92 75% 91% 46% 97%
NFSP ke -1.51 0.80 64% 66% 85% 37%
FIB-4" 1K 1.23 0.79 79% 68% 83% 62%
ELF®Y ke 9.8 0.81 91% 53% 28% 97%
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