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Progress in serological noninvasive diagnostic methods for non-alcoholic fatty liver disease

SANG Chao', LIANG Dan-dan’, XIE Guo-xiang?, JIA Wei'?, CHEN Tian-lu'

1. Center

Honolulu

for Translational Medicine, Shanghai Sixth People's Hospital, Shanghai Jiao Tong University, Shanghai 200233, China; 2. University of Hawaii Cancer Center,

96813, HI, USA

[Abstract] Non-alcoholic fatty liver disease (NAFLD) has become the most common chronic liver disease, along with the prevalence of obesity and
metabolic syndrome. Non-alcoholic fatty liver will progress to non-alcoholic steatohepatitis (NASH), NASH-related liver fibrosis and liver cirrhosis, and
even hepatocellular carcinoma. Accurate assessment and early intervention are conducive to clinical burden reduction and disease control. Although being
the "golden standard" for diagnosing NAFLD, the clinical application of liver biopsy is limited due to well-known limitations and significant
complications. Serological testing, as a noninvasive method, has been well-recognized among researchers and clinicians. The understanding of the pros
and cons and the application ranges of various methods and indexes is helpful for clinical applications, including providing more diagnosis approaches,
improving diagnosis power, relieving pain of patients, and saving medical resources. This article reviews the advances in serological noninvasive
diagnostic methods for NAFLD.
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Jif (non-alcoholic fatty liver, NAFL) . JEIK5MEAE W5MEHF HIZWr NAFLD /Y “@hniE”, (Hi T HA QM LA 7e
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NAFLD., X $6ERIA 2 2 5L F JLI al + JLI I 75 24 46 b
ST, a0 Bg S BB AL 1) NASHTest #5884 1
NAFLD £F 2 fL 3 4 120 R T 4 I F 19 £F 48 1k 35 5
(fibrosis index based on the 4 factors, FIB-4) ! 4 %
BB B AN A B B0 E , A AR G M . AR
K, E WA T KAL) NAFLD I % 2 Wi i 5%,
I HENT T N R R A T L ZIU R B Y. NAFL fii
A PESr 00 FINAFLD W [ml 5 PF4) 170 SE4ER0 BASI AR AR
Bl [ AN O BIFSE BRI 5 B 22 BOREAR 1% A 1 213 BA 3 56
E AR AL T RE G B B, N RE R T R o A SOk
NAFLD TG A Pk I3 27 12 W 7 i AE — 53R, LU Ry e IR
T AR — SR RIS R S

1 FEERAEMISHR

L1 RN B

Bedogni 55 ") 2006 -2 IR M 45 4L (fatty liver
index, FLI) A1, BFFEXG 0S8 A2 W1 268 ik i
o JFF 5B 5 0 228 5 i I P A8 2 o B AL 3 5 % 4 Logistic
BHET v, B3RPkt s 4 4 bR, RIA T & 45
%0 (body mass index, BMI)., | (waist circumference,
WC) ., =Bt H I (triacylglycerol, TAG) Flvy-4 & WE5:
Kk (y-glutamyl transpeptidase, GGT), ZETIZWAZ.
FLI=100/(1+¢7) ; z=0.953xIn[ TAG (mg/dL) ]+0.139xBMI
(kg/m?)+0.718xIn[ GGT (U/L) ]+0.053xWC (cm) —15.745,
HARTF OR100 28], FLI<30 AT HERRAS AT (BAPER
SRR 0.2), FLIZ60 Al 2 Wi fig 5 i CBH UK 1
4.3), MEWIFEN1X0.84, 95%CIH0.81~0.87. HAj, FLI
RS Bz N T 0 AR B AR L E — A
13 122 44 %3834 1 v [ P 38 b [X NAFLD i 5 8 br 530 14
[ JA5 P A DR e R S P O, FLIAR AR 630 i R4 12 vk
fig. LI NAFLD 195238 # TAERHEMZE R A (area
under the receiver operating characteristic curve, AUROC)
90.880 (95%CT 0.874~0.886), FLI<30 A4 iR | U
JE . BERE 0 0,782, 0.832, 0.770, FLI=60 fY i
FE . OBUREE . FES RS0 0.838. 0.443. 0.940, H )
FH SR, FLIHUN 75 12 W i g 7 0% d5e 4 1 18
(cut-of ) FA7EMERN 225 ", H FLIABRARAF L IX 3%
FERR 5 vh e BE AR D I 2

1.2 JIFIERR G 45 2

FFNENE G5 %L (hepatic steatosis index, HSI) #i8I H
Lee % 2V T 20104F42 1, AR ILg9 A 10 724 X, B4
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ZARHFHHAT T LR A R A AR A
MRS PEAL, Horb 5 362 A#%i2 K NAFLD., B ALl
5360 AENUIZREE, 5364 AMENRIESE, it £ o0
Logistic 1 5 () 5 #% , H BMI. DM 1 %% A ¥ & i
GPT) /4% % &% 2 I
(glutamic oxalacetic transaminase, GOT) FL{E#ESIZWIA
7 : HSI=8xGPT/GOT+BMI (kg/m?) +2 (if DM) +2 (if %
P£) . 2 HSI<30 I HEER NAFLD, 4 HSI>36 It il i2 1§
NAFLD. YIZ:%Eh, FAI#H AUROC K 0.812 (95%CI
0.801~0.824), HSI<30 AYHURIE R 92.5% (95%CI 91.5%~
93.5%) , HSI>36 Y 5§ 5 & h 92.4% (95%CI 91.3%~
93.4%), HSI<30 1 HSI>36 I FEAS Hr i R 1k 85.6%. %
IEgE T, FAA AUROC 4 0.819 (95%CI 0.808~0.830) ,
HSI<30 AU IE 4 93.1% (95%CT 92.1%~94.1%) , HSI>
36 SN 93.1% (95%CT 92.0%~94.0%) , HSI<30 1§
HSI>36 A FEAS th il 1 53K 86.3%. FE—Ti3E T 13 122 44
ZAXH W HMB IS IS T Y B Y) AUROC 2y 0.833
(95%CI 0.825~0.841), S Leeds ' LR —3, UELT
BEAY QA 2 WiMERf e A dR e M. BIR FLI—#E, HSI
ANREAR LS Hb X 43 B 5 v R R AR D AR 0

(glutamic pyruvic transaminase,

1.3 RWE B E

2005 4 Kahn 2 4% H JIg i &5 AL 48 0 (lipid accumu-
lation product, LAP) #i, @it WC Fl TAG ¥4 DM Al
OB RS . A LAP (5 )=[WC(cm)-65]xTAG
(mmol/L) ; LAP (% )=[WC (cm) -58] xTAG (mmol/L) .
2010 4F Bedogni %5 ™ #1 H 4 H & X B %L % (1) LAP
(natural logarithm of lipid accumulation product, InLAP)
R T ] T30 S A A B A MR B . ST R A A 588 A,
75 R A TR D A M 332 0, EE AR I AR MR A
18 N, HEEMA 138 Ao JCIHRE WAV 5 I RE I A2 M2
) AUROC }0.79 (95%CI0.76~0.83), JCAFHG A PE+rp
JE FE R 17 A8 M 21 5 5 R TR 7 A8 M4 ) AUROC 4 0.79
(95%CI 0.76~0.83) . ZALHY H T2 WC HI TAG I 6 R,
AT H ATEAT B9 HAb LA NAFLD AFAS A28 1 1 5 if 7
WY, LAP TG 19 9% Al a0, (BATSREAR 1 AL 4 1Y
LW 4R, H X 4> NAFLD 4 fi %t I8 41 i) AUROC {H Ky
0.853 (95%CI 0.845~0.860) "', H AN [m] - H: fih 455 A |
LAP H T %A — W6 A9 cut-off B, 7F— & FEE IR
il 1 HE R AR H

1.4 SteatoTest i)
Poynard &% 2 2005 42 H! SteatoTest 5 75 , jZ Ak 751 2
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TE FibroTest Al ActiTest 2! pyELat FATA T AY, Wit a2-
EEREEA . #UIREA AL, 4565 EN . SBLER | GGT.,
GPT. BMI, HAH[EEE (triglycerides, TC). TAG %5 i
M 108 FR, FRARYEAFERS FPERIIEA TR, #ESr i —A4>
Logisite BIH7 . 5 A 4 MRS, VIZREA 310 A,
WBUESE LA 171N, WuFE 245201 A, KiF4E34 62 A
SteatoTest 14 & [y JIl Zx & AUROC N 0.79, #Fr #E 1%
(standard error, SE) 5 0.03, L& 1. 2. 39 AUROC
439 k9 0.80 (SE=0.04) . 0.86 (SE=0.03) . 0.72 (SE=
0.05). KM 490V RGP IFARI 8. S0k, TR
e (0%); S1E, BRENRMIZEME (1 %~5%); S22, h
FERRMIAETE (6%~32%); S3~S4%%, EEFNRMIZAZME (33%~
100%) . £ Wi S2~S4 4, SteatoTest &A1 ZR4E I 3 4N KIE
LB AR 439 R 091, 0.98, 1.00 £110.85, cut-off K
0.30; HR5EEE/M50.89, 0.83, 0.92F11.00, cut-off{H Hy
0.70, Munteanu % 2% 7£ Thierry Poynard ) B 7% K:4ill |,
K T SAF 43 (steatosis, activity and fibrosis score)
VP AR 2 R AR A4S, JF R A T AE Z #F il 9 AUROC
(nonbinary-AUROC, NonBinAUROC) T 1fj SteatoTest {5
A, BRI T 6004432107, NonBinAUROC 4 0.822
(95%C10.804~0.840) . REASIGITARIT AL PR HEAT 0 P
SteatoTest i8I (1) — K425, ELAI2 TF-BOM TSR, 7]
PR (RO G 4%, HHEAXE AR, oK
BRI RANH T, AR RN ] e 2 R

1.5 LRy

Br BB AERLAN, b AV 2 HABAC RS, 4 Korea 48
B NRIEMERTAS (fatty liver disease, FLD) F5%% 14,
NAFLD #& %' . ZJU 4§ %' #1 FSI (Framingham
steatosis index) 5% ) 4%, WHA —EMZWNE, 7
e PR I FH 353847998 2% F 5 v ) AR 4 S BRA% AT 2 %
(BRI RPN 2 T i B | I DN B IR R (S L TR S /T 1}
S R PETCAN T S AT %) 7 G A R 12 NAFLD,  HiZS
MIHE A e — P B0k . 5 oh, VRS — MRS
7 ek Kt SRR B #E AT 30IE , A REIURK A % T 2 1Y
UG UEZE AR, i H AR 2 AR 1 Sl SR 7 BAA A 55k

2 RERGHERTSER9IOHR

2.1 418

AR PR TR T A AT T R, 2 NASH (1
SMVEHIE . 400 11 18 (cytokeratin-18, CK-18) 244
B4 P ) 22 8 ) BB 2, WA T T 3
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S EERY, o TR TR B e
JAT TR, SRR VRS R 0 R TN B, R
HDE R A I, % AR CK-18 2L 1 CK-18 Fr B B
5T B KW, CK-18 Al CK-18 Bt 5 T A8 i 28 i
BE . NIERAGE . RERFEAS M AT dE AR DIA G, T
YEH NASH 2 Wi i TC B AE bR Y. —TgA T EAN 10
Jji NAFLD WF 7% ) meta 3 7 9 25 R 7R, CK-18 12
NASH (% BUS E FURE 5 B2 53 518 77%  (95%CI0.70~0.83)
M71% (95%CI0.65~0.77), T CK-18 F Bt i) ek i Ak
S5y B R 83% (95%CT 0.80~0.86) F1 71% (95%CI
0.66~0.76) . CK-18 i BtAE 2 WUk & b I 8 i1 F CK-18,
W5 CK-18 F BeAl b 7 356 NASH 1 25 ) 2 b 25 0 kg 7] 5t
BARC A Z CK-18 5 NASH [AH X MERFFT, 8 H i
BEASA R, B ET R AR TR

2.2 RIEANMPH-1

S E A0 A P T 32 A S R R E B F - (tumor
necrosis factor-a, TNF-a) . HANMIAZE 6 (interleukin 6,
IL-6) MIZEiBEZE 3 (pentraxin 3, PTX3) %%, NASH £ 4
TNF-a FIL-6 7K F NAFL 3, SCH K 1E 3% T % &
YERHEER NASH I ZZ R4l 7. WF9Bon, PTX3 K-
A B %5 NASH 1) & Fe 1Ml 3% i 7+ =, NAFLD & I i
PTX3 /K FIE# % HRAL, i NASH % 5 F9E NASH
M NAFLD &%, P46 bR 7E X 7> NASH #1 NAFL J7 T
AR S EAE L TR N A AR A R E B
XSS AE AP T2 T, HA2 K NASH (9% 5 B2 45
I, BT E R P B A 5 30 UE 3k £ 4 5 240 e P57 1)
WA

2.3 NASHTest }£ %!

Poynard 25 "' F 2006 4F #2 1} NASHTest # 18 , iZ 45
RUE R T —Fh LRI, AR . MR, B IR
TAG. TC. a2-E¥KEM . #EEM AL, Z5%KER.
GGT. GPT. GOT. BAHLFE 134NS5 ., HRX 5>
4 NASH, A4t NASH HMINASH. %A 160 A, Kk
LA 7T N UIZRER AL K NASH, 7] % NASH., JE
NASH (1) AUROC %351 7 0.79  (95%CI 0.69~0.86) . 0.69
(95%CI 0.60~0.77) H10.77 (95%CI 0.68~0.84) , Il Zr4E
RS2 58 079 (95%CT 0.67~0.87) . 0.69 (95%CI 0.57~
0.78) 10.83 (95%CI0.67~0.90), HAZWrPEAEA fifm.
by — T 44 A 494 il NAFLD # # 09 0F 55 & W,
NASHTest 2 Bl NASH e RAR &, Bl A1 —Fh
HeBmE, (R Z50IE NASH 5 %0 T AT IR 4 UG #
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3.1 NAFLD £F4E{L it sy

Angulo %% "' F 2007 4F 4 1 NAFLD £F 4k 1k 3% 43
(NAFLD fibrosis score, NFS) #%, Z0F53 005 2 50
£, YIREEA 480 N, BiEfEA 253 N, MBI 4ERy 2R
TAAE DM 8lizs JE ISR (impaired fasting glucose, IFG) .
BMI., Ifi. /s #2 3 %t (platelet counts, PLT) . [ 4 [
(albumin, ALB) J% GOT/GPT L {H 41k, 23 K NFS=
-1.675+0.037x 4E ¥ ( % ) +0.094xBMI (kg/m®) +1.13xDM/
IFG (& =1, 75 =0) +0.99xGOT/GPT-0.013xPLT ( x10°/L) -
0.66xALB (g/dL) . ZERIA 24 cut-off {f, ik cut-off {f
(NFS<-1.455) HI T HEBR#EJRINZF 4E 4k, M0 & cut-off {H
(NFS>0.676) T2 Witk e £F 41k, -1.455~0.676 4
R EHT, 7B S RNG R AT 2 . BRI 2k
SEREIFE R 2 W AUROC 1y 0.88 F110.82, AR VER ik
90%. Fifi 5, %R AR N [) i X RR O AR T iz 5
IE, AEBRIWZWESE MR e Y, Hil, NFSE
B I 5 22 1 NAFLD JCBIE I35 27 21 4 A 12 Wi 4l
Z—, CHEEIFRPER AT, VER—Fhil R PR
BT H 1

3.2 FIB-4

FIB-4 f5z -ty Sterling 5 2 21, FHORIEAN 18 4
JHF 5 I N2 B 52 Bk B o 2 SRR e AR O T 4T AR AR
ZBLT R H Z e M ik, BT PLT. 4E i .
GOT. GPT 4/M5b5, @A FIB-4=41% (% )=xGOT
(U/L)/{PLT(x10°/L)x[ GPT(U/L) "2} . ZMFFE 340 A 832
ZZRE, BECK A 241, HAilgaESss A, KHE
277 N, 5 NFSZEM, FIB-44 A A 24 cut-off {H ,
K cut-off {6 (FIB-4<1.45, HUREE 70%) FHTHERR M e
S 4ifk, i cut-off {H (FIB-4>3.25, 5% 97%) T
LWL 4k s 1.45~3.250 KRG, T B
2 RS KA T80 o DX G5 it R S 1 At Ak Al it Jig 3 &1
A2 W AUROC 2 0.765. Hiii, FIB-4 7E18 M0
S UEACTEAS Tp AR T2, AT LA2 Wite o 79 A
RBE LA, X8 M B R FINAFLD (3%
WRARIE ) 1 HAZ WsCR 5 P iR P A5 %) 00 41y
{EARY ),

3.3 WESBIFEF4RIbal o 5 8
Guha 75 ¢ 7SRRI ATET 4EAL LA 20 B A L,
b 7RISR R, ST TSR LT 4E L2 G /3 %L (enhanced
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liver fibrosis panel, ELF) BiAI, JZAR i 4 )8 8 H B2
UM P-1 (tissue inhibitor of matrix metalloproteinase 1,
TIMP-1) . #EMERR (hyaluronic acid, HA) . I 7R E
&, FL K 4 I (aminoterminal peptide of pro-collagen Il ,
P3NP) 3 MEARAL G A, WA ELF=-7.412+
0.681xIn(HA)+0.775xIn(P3NP)+0.494xIn( TIMP-1) , %W
FEILANAN T 192 ] NAFLD /4, H P s L 44k .
JE LR AL R TCET 44K 1Y) AUROC 435124 0,90, 0.82 F110.76.,
BRIt Ah, WFFEE K ELF 5 NFSERZE &, . T #il
\EAgEL, PR TAEAIEHd G AN 456
T NFS () ELF BN T B 4P e fb . rp R LR 2 Ak R TE 2T 2
L1 AUROC 43 Jil4 5 %2 0.98 . 0.93 F10.84, A [112 W7
PERE WP T, ARGE T AT 2E G £

3.4 M

T AR AR B n] s (B KBS 7, BR T
BRSNSV 2 W BT T E A NAFLD
JFEF AL L, W BARD %' APRI |
Fibrometer *''| Fibrotest ** 4%, X 65 # 55 NFS fil FIB-4
L, W E R R BR,  Ha2 W o B d A Bk, ik
FEG R N R D, AR ZHRAL TR b B, &k T
It AR A 1 B i — 2D 5T

Hepascore %’ |

a8

bW

HHT, NAFLD JF4F4EAb i i i 72 Wi AL 52 4R
2, B 21K 10 RFTFLF 442 Wik R 7 O g
BHIE ;o NFS Fl FIB-4 #5570 B Bl 4 24 b — Rl il PR 3
HEBhTH N REBh S A AL, R AN DAY
JFZE IR Ar . NAFLD BB A28 P12 Wik B i b T &% Jee Bir
B, HET{ERI it A & B A, wTAE i
79 2% W 2 I 5% b A R ARG A s L R) G 92 A A A D
NAFLD & IR AR, IR A Z R, 28k
BTy ITF 28 A A5 I B 1 g . NAFLD g it P R
[ I A 2 Wi e b, A W B S 9 W] 2 e
ML AR, KRR RHERR 2 TH, HARREAR
L AT RS EIER L, A S W B IR A 2
BE. B, FEIGIR TAES, Bi&A 58 a8
S E K 09 MG A2 W s HLAERRE TAE T, A5G LA
JF R ZFERNERAE B2 T B, K eirkizWink 52
PEAT LA, FUWT AT SEPE . BR T B B I B
ZWitERe, 0T LIEBLA AT SEERE L, 4568 24
215 WA TR ] B 1) JC B S AR ek A vk, EAT R

EHSSR R EI), 2021, 4101) (@)
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B BASIBEY s 54 & N TR RE, @t plasss > ik,
BT RS fE R A2 WA BT, A AR AR
FibroMeter 5§z 2 #5 l Bf 25 538 % 5 15 2 R (vibration
VCTE) W 4 &
FibroMeter"“™ 1] ZE &5 PPAG T 4F e AL AR B 5 K FIB-4 5
FibroMeter" " £fi 45, fiE .3 $¢  NAFLD 8 M £ 2 fb
BWIHERG R B S — S IR AL 28 2 2] 7 vk I
FF 2l 170 g Ak, I ARG 2t ] A S

controlled transient elastography,
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