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Abstract: Background Metabolic-associated fatty liver disease (MAFLD), a highly prevalent chronic liver disease globally,
has cirrhosis as its severe progressive outcome, which seriously threatens patient health. Non-invasive scoring indices are widely
used in clinical practice due to their convenience; however, there is currently no clear evidence for their value in assessing cirrhosis
risk in MAFLD patients or their efficacy in evaluating hepatitis B virus (HBV) infection. Objective To investigate the associations
between non-invasive indices such as the AST-to-platelet ratio index (APRI) and fibrosis-4 index (FIB-4), etal. and the prevalence
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status of cirrhosis in patients with metabolic-associated fatty liver disease (MAFLD), and identify related factors and the modifying
effect of chronic hepatitis B virus (HBV) infection. Methods Patients diagnosed with MAFLD who were admitted to the Fifth
Medical Center of PLA General Hospital from January 2023 to July 2024 were enrolled. General clinical data, laboratory indicators,
imaging parameters, and non-invasive scoring results of the patients were collected. Univariate and multivariate logistic regression
analyses were performed to identify independent factors associated with liver cirrhosis. Stratified analysis was conducted to explore
the effect modification of chronic HBV infection. The diagnostic efficacy of APRI, FIB-4, liver stiffness measurement (LSM), and
ultrasound attenuation parameter (UAP) was compared using receiver operating characteristic (ROC) curves. Results Totally 435
patients were included in the analysis, comprising 261 males (60%) and 174 females (40%), with a mean age of 49.5 years. There
were 166 cases with cirrhosis and 269 cases without cirrhosis. Significant differences were observed between the two groups in
gender, age, chronic HBV infection, platelet levels, and liver fibrosis-related indicators (FIB-4, APRI, and LSM) (all P<<0.05).
Multivariate logistic regression analysis showed that in the model incorporating APRI, age >60 years (OR=3.216), male gender (OR=
2.397), chronic HBV infection (OR=2.450), and LSM >12.0 kPa (OR=9.183) were independently associated with prevalent cirrhosis
(all P<<0.01), while APRI showed no significant association with cirrhosis (P>0.05). In the model incorporating FIB-4, FIB-4 >
2.67 was strongly associated with prevalent cirrhosis (OR=32.005, P<<0.001), and a significant interaction effect was observed
between chronic HBV infection and FIB-4 (P<<0.05). ROC curve analysis revealed that the area under the curve (AUC) of FIB-4 for
diagnosing cirrhosis was significantly higher than that of APRI in the overall population (0.735 vs 0.658, P<<0.001). In the subgroup
without HBV infection, the superiority of FIB-4's AUC was more pronounced (0.855 vs 0.740, P<<0.001). However, in the subgroup
with HBV co-infection, the diagnostic efficacy of both indicators decreased, and no significant difference was found between them
(P=0.061). Conclusion The diagnostic efficacy of FIB-4 for cirrhosis in MAFLD patients is superior to that of APRI. The status of
chronic HBV infection significantly affects the diagnostic value of FIB-4 through an interaction effect. In the absence of HBV
infection, FIB-4 demonstrates better risk identification performance and can serve as a preferred indicator for the non-invasive
clinical assessment of cirrhosis risk in MAFLD patients.

Keywords: metabolic-associated fatty liver disease; liver fibrosis; non-invasive diagnosis; hepatitis B virus; ROC curve; risk
stratification; prognosis
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% 1 MAFLD E2EHIEREFEIEIR
Tab.1 Clinical characteristics of the enrolled patients
Ei=21 43B(n=435) TN (n=269) T Ak (n=166) Pl VAL PH

B, %) 261(60.0) 146(54.3) 115(69.3) 9.626 0.002
AR/ Xks) 49.5+12.5 47.8+12.6 52.2+11.7 -3.562 0.001
AR T/, %) 8.983 0.011

<44 % 119(27.4) 85(31.6) 34(20.5)

44~ <604 228(52.4) 139(51.7) 89(53.6)

260 % 88(20.2) 45(16.7) 43(25.9)
BMIZMH/(11, %) 1.808 0.405

<23 kg/m? 48(11.0) 26(9.7) 22(13.3)

23 ~ <28 kg/m’ 274(63.0) 175(65.1) 99(59.6)

>28 kg/m? 113(26.0) 68(25.3) 45(27.1)
P2k HBV B /(1] %) 241(55.4) 129(48.0) 112(67.5) 15.821 <0.001
HBsAg [U/mL, M(IQOR)] 1 814(234,3 541) 1736(59,3 484) 2 093(455,3 599) -1.567 0.117
ALT [U/mL, M(IQOR)] 35.0(23.0,54.0) 35.0(22.0,63.0) 35.0(23.0,47.0) -0.693 0.492
AST [U/mL, M(IQR)] 29.0(21.0,49.0) 28.0(20.0,47.0) 29.0(23.0,50.0) -1.356 0.173
PLT/[x10°/L, M(IQR))] 180(123,235) 212(162,254) 129(77,175) -10.289 <0.001
PLT>100x10°/L/(ff, %) 358(82.3) 249(92.6) 109(65.7) 50.999 <0.001
FIB-4 43 4/(11], %) 68.650 <0.001

<13 190(43.7) 154(57.2) 36(21.7)

1.3~ <2.67 119(27.4) 71(26.4) 48(28.9)

>2.67 126(29.0) 44(16.4) 82(49.4)
APRIZH /(] %) 24.798 <0.001

<0.5 227(52.2) 163(60.6) 64(38.6)

0.5~<1.0 91(20.9) 54(20.1) 37(22.3)

>1.0 117(26.9) 52(19.3) 65(39.2)
LSM/[kPa, M(IOR)] 11.9(7.8,17.6) 9.3(7.0,13.8) 17.0(11.4,21.6) 9.203 <0.001
LSM 4341/, %) 60.864 <0.001

<8.0kPa 111(25.5) 99(36.8) 12(7.2)

8.0 ~ <12.0 kPa 110(25.3) 73(27.1) 37(22.3)

>12.0 kPa 214(49.2) 97(36.1) 117(70.5)
UAP (db/m) 240(225,265) 240(222,267) 240(229,258) -0.367 0.713
UAP 541/, %) 5.545 0.136

<244 db/m 232(53.3) 144(53.5) 88(53.0)

244 ~ <269 db/m 109(25.1) 59(21.9) 50(30.1)

269 ~ <296 db/m 67(15.4) 47(17.5) 20(12.0)

2296 db/m 27(6.2) 19(7.1) 8(4.8)

BMI: /R T HE 505 ALT : N RS 20l 5 AST : K| A& R B % 2 ; PLT : 1L/ ; LSM : JIFJIERS (2L UAP < 8 75 SEIl S 85 ; APRI: K[ 14 &R 1 2 ity

S/ B HE 4 FIB-4: fFEF2ifb 4 TR 24

B E T T e =1 | BRI AR |
RAR FEXF AR BN AEE HIFBPEHBV R YL KA I8 PEHBV I
MAFLD#E % APRIAY [T 43 FIB—4/1 [m])- 434 (FEAR Y2 1) (FEAR Y2 1)
% M Rt Ak XU 43501 SR 435051 SRR 241flkEA 19451 A
t t 1 1

i —

APRIFIFIB—4 #4454 [+ (1)
WA T AR TR, #ammA

AP, APRIAS R
BN XL B FIB—430E 7 [m] 1

B 1 FFRELSCERER M logistic BRI R EELE

Fig.1 Technical roadmap for logistic regression analysis of factors associated with liver cirrhosis
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0.05), $EnHZIAMIREFEZm, UAPKAS
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MRIa, bR S R AT A kST ok
X2 (P14 <0.01), HH FIB-4>2.67 i} OR {H i3k
32.005, CHB/&Y OR{EHTt % 11.488, 7 Hpl 7
KIRAE S . 38 BI43HTiiESE CHB 5 FIB-4 /74E
RFERNAEMIEHI(P<0.05), ¥ FIB-4/KF- T~ CHB
B BRSOV (OR=0.101, P=0.002), W33,
222 HEASZFIESHT MAFLD B E A&
18 1k HBV Ji 4t 5 FIB-4 i) Logistic [ A 430 4 [H 2%

g S ATk R B . Jf it BT FIB-4 &
MBI R 2%, 1 APRIAN B & . HAR (YL
HEATET “EENHALAE FIB-4" fIRIT . PREAREA )
MW JE: MAFLD &5 & I8 HBV & Kok &
JHE M HBV B . R 241 4, J5 &y 194 441
(F D)o BIHEATHE— LW B8 nF

(1)EF % MAFLD 4 112 4 HBV J& e I ZH AL A
MRS R E S B, Bk FIB-44TF
e DX () B2 LSM 4% T e X [R] ¥4 5 JHF- A6 20 A8 I8 3 A
K(P<0.018), ZWZE il an, BIE(OR=
2.546, P=0.006). FIB-4>2.67(0OR=3.410, P=0.003).

xR 2 B4 APRIFMAFLD £ EBFEE LI 2R A5 BE E E 1Y logistic [B] V3 4
Tab.2 Logistic regression analysis of factors associated with cirrhosis in MAFLD patients, with the APRI index incorporated
. BRI ZE Logistic [7]15 2 A% Logistic [A])5
Ef=L Vi
OR(95% CI) P OR(95% CI) P1H

UAP/(db/m) 244 ~ <269 1.387(0.875,2.198) 0.164

269 ~ <296 0.696(0.387,1.252) 0.227

2296 0.689(0.289,1.641) 0.400
SRR 44 ~ <60 1.601(0.992,2.583) 0.054 1.850(1.077,3.179) 0.026
=60 2.389(1.342,4.254) 0.002 3.216(1.620,6.381) 0.001
R CHB 2.251(1.504,3.369) <0.001 2.450(1.536,3.908) <0.001
) T 1.900(1.264,2.856) 0.002 2.397(1.455,3.948) 0.001
APRI 0.5~<1.0 1.745(1.050,2.902) 0.032 0.938(0.504,1.746) 0.840
=1.0 3.184(1.999,5.070) <0.001 1.527(0.828,2.816) 0.175
LSM 8.0~ <12.0 4.182(2.040,8.572) <0.001 3.990(1.900,8.379) <0.001
=212.0 9.951(5.160,19.191) <0.001 9.183(4.317,19.534) <0.001

UAP #7528 250 (db/m) s LSM : AP AR {1 (kPa) ; APRI : K] 4% 2 W2 28 5 1t/ INA AR 4K
&3 E&5FIB-41 MAFLD E&EW I BARTSKELE R logistic @ YF 47

Tab. 3 Logistic regression analysis of factors associated with cirrhosis in MAFLD patients, with the FIB-4 index incorporated

. AR Logistic 1] Z [N % Logistic [1] 5
OR (95% CI) Py OR (95% CI) PIE

UAP (dB/m)

244 ~ <269 1.387(0.875,2.198) 0.164 —

269 ~ <296 0.696(0.387,1.252) 0.227 —

>296 0.689(0.289,1.641) 0.400 —
CHB 2.251(1.504,3.369) <0.001 11.488(3.306,39.920) <0.001
Bk 1.900(1.264,2.856) 0.002 2.420(1.448,4.045) 0.001
FIB4

13~ <2.67 2.892(1.727,4.843) <0.001 7.858(1.984,31.126) 0.003

>2.67 7.972(4.761,13.35) <0.001 32.005(8.603,119.067) <0.001
LSM (kPa)

8.0~ <120 4.182(2.040,8.572) <0.001 3.531(1.631,7.643) 0.001

>12.0 9.951(5.160,19.191) <0.001 5.172(2.454,10.900) <0.001
SEHIG

CHB:FIB4 1.3 ~ <2.67 2.741(1.568,4.792) <0.001 0.225(0.049,1.028) 0.054

CHB:FIB4 >2.67 5.444(2.934,10.102) <0.001 0.101(0.024,0.437) 0.002

UAP #75 SIS H LSM : TS AE s FIB-4 - 2T 4EfL-4 158, CHB gV Z BN R 7R .
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LSM 8.0 ~ <12.0 kPa(OR=3.736, P=0.003), LSM>
12.0 kPa(OR=5.039, P<0.001)¥ kAl 7 BN &
FIB-4 1.3 ~ <2.67 X[ 7EZ A K 43 #7 o i 3 5Kk
(P=0.091), #/~ CHB Y75 5 T~ FIB-4 XU 5 {H
Fhis s i LSM A E DX [ 475 Bk 7 il 4, R W
20 H LSM U T i (R 4).

#4 MAFLD &F1EM HBV Bl & 1 Logistic B )35 47

Tab. 4 Logistic regression analysis of patients with

MAFLD complicated with chronic HBV infection

e AR & Logistic 1114 Z H % Logistic [Fl1H
OR (95% CI) PfE OR (95% CI) Pfa

FrE 1.995(1.127,3.352) 0018 2.546(1.313,4.937)  0.006
FIB-4

1.3~ <267 2.371(1.278,4.398) 0006 1.778(0.912,3.469)  0.091

>2.67 4.709(2.404,9.223) <0001 3.410(1.506,7.721)  0.003
LSM/kPa

8.0 ~ <12.0 4.636(2.004,10.729) <0001 3.736(1.579,8.841)  0.003

>12.0 8.160(3.765,17.684) <0.001 5.039(2.163,11.741) <0.001

LSM : JITJERS B {1 (kPa) ; FIB-4 : HTF£T 4L 4 T 465k

()5 X MAFLD A5 JF 181 HBV 844 7 41+
ARB RIS HT: RRER SR, B4 FIB-44%
ThEs X 8] Bz LSM=>12.0 kPa 55 [R5 Ak 3 6t 25 AH ¢
(P<0.002), TMiLSM 8.0 ~ <12.0 kPa JC i} # KB (P=
0.084), ZHEMHHEHIRAUSG, FIB-4 1.3~ <2.67
(OR=7.432, P=0.005). FIB-4>2.67(OR=29.202,
P <0.001)}2 LSM=>12.0 kPa(OR=5.152, P=0.046)}
M7 ORI 2, B I TGt 3 57 DGR (P=0.051)
ZEERAEW], TG CHB YL FIB-4 XU U B 3
Fhi, A X (R RP LS sk ST 2 Wi, 1 LSM 75
iK>12.0 kPa 4" W A7 KU, 56 JF CHB W.41E
AW FE L, ERAE T CHB A4 R0 16 4 AE ] .
W35,

£5 MAFLD R& 12 HBV BB E R logistic [2]13
S

Tab.5 Logistic regression analysis of patients with
MAFLD without chronic HBV infection

sk LR 2 Logistic [H11H ZH % Logistic [H]]H
OR (95% CI) PlH OR(95%CI)  PfH

B 1.900(1.264,2.856) 0002 2.262(0.997,5.131) 0.051
FIB-4

13~ <267 8.148(2.142,30.989) 0002 7.432(1.832,30.142)  0.005

22.67 44.444(12.622,156.499) <0.001 29.202(7.360, 115.868)<<0.001
LSM/kPa

80~<120  4.2(0.826,21.355) 0084 2.863(0.493,16.635) 0241

=>12.0 20.769(4.779,90.270) <0001 5.152(1.029,25.783)  0.046

LSM : TR (R (kPa) ; FIB-4 : JIT£T 44k 4 i 4%,

2.3 TEHFSEERSHTIERE ST

K H ROC 4k 0 #r, L% FIB-4 5 APRI X
MAFLD (& AL BLECAR S A2 Wl g . 258 10
L, BAEAFEH, FIB-4 # AUC & T APRI[0.735
(95% CI: 0.689 ~ 0.740) vs 0.658(95% CI: 0.609 ~
0.710), P<0.001], Uil FIB-4 ZWizkieEIL. &
JF1EYE HBV Y W41, FIB-4 ) AUC [% % 0.670
(95% CI: 0.602 ~ 0.738), =T APRI Y 0.627(95%
CI: 0.560 ~ 0.697)(P=0.061), Wi# AUC ¥ [ .
ULH] CHB YL HI 55 T M-8 bn iz Wi sk ig .
HBV & YL 7 2 1, FIB-4 i) AUC JI % 0.855(95%
CI: 0.801 ~0.910), &3 = T APRI 1 0.740(95%
CI: 0.666 ~ 0.814), H P<0.001, #&/57JC CHB /&
YL} FIB-4 FIZWiR e W5 48 T, Z ARFR G
IR FR(E 2).

Zi b, CHBIBYLIRA 3520 FIB-4 2 Wk
fig, JC CHB JEGL iy 0] Ak R RO N (i B 5

3 i

MAFLD ] 1 J& A ek, Bl oA A 5 A 9
FIFE T 1 H 20K gh P R U A B 5T X 435 4
MAFLD 2 B IREIE 17081, diRkn, &
JF HBV B i) 5 3 JFhif £k 20 £ XU B 25 7 55 (OR=
2450, P<0.001), $2&/~ HBV &Yt 5 MAFLD )%
PR ] 68 i ot R XU . H TR AL e B
1 HBV B e 5 MAFLD ¥4 4 65 Ak 4 7 37 B0 K
R, AW AR S AR T R v i AH BLVE AL
AL, AEAE PR ST AT o 348 55 A BF
JIg i 7% T B Ak VA T LA G O, 4R R
HBV &Y% % 1.7 HBsAg RUTEER 2, M B A1 Dl 2%
HBV A ¢ JT 5 f 2E U419 Zheng 20 VR %) 6 232
B HBV B (35 25 25 o3 i S X — LA
L2 2w G of 5P AR R I 235 SR S,
JI Wi 748 5 I 41 He AL R 5 O B A e . (RS 22 A
R, BEEZUF5#ER T HBV Y5 MAFLD &
FEAFAE PRI BOR RN . — D5, P2k HBV g
3 o 5 e g A B B A KR 5
—J5 I, I A IR R R M s AT R
TS T £ A EFRCS . Seto ZEUMRY BT RN, AE
P P I R v, IR AR R R AR AR
SEARSCR R o T ] — 35 BA S 5 O B A AL T X
ol JRURS: 8 N AL N« 5 B4l MAFLD S8 3% 4 L,
MAFLD £ 3 HBV B4t 8 3 & A5 i J 21 2 1k 1)
RUBSEE N 2.1 F550 ) 5AF5E h OR=2.450 Y255 15
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025 /L FIB4 (AUC: 0.735; 0.25F ,’_ FIB4 (AUC: 0.670; 025 ,’7 FIB4 (AUC: 0.855;
" 05% CI: 0.689 ~0.740) " 95% CI: 0.602~0.738) L7 05% CI: 0801 ~0910)
+* APRI(AUC: 0.658; »*  APRI(AUC: 0.627; , APRI (AUC: 0.740;
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Fig. 2 ROC analysis of the diagnostic efficacy of FIB-4 and APRI for cirrhosis

FERER, S [EERIE T HBV B YL X MAFLD JiFfifi 1k
AR

A 5 K B R A 21 55 3E 0 b 41 78 2 1Y
BMI J UAP JG . 3% 25 5+ (P43 7124 0.405 . 0.136),
Z N Z 53 P IR s UAP 35 R A6 30 28 14 ik 57 ¢
BRI 2R (P>0.05), X —%5 5 R f# T MAFLD & Jf:
HBV /& i B AL SR 4 TR LA . W P R4
IR AR A% CoBIL I T RE I AR WO Rl 15 22 72
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Kl -(40 TNF-a, IL-65%), XEEA(F5 70 AlfeFdk
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RN AS TR BTG 2 22 RS LR, & 9F HBV g
1545 i 3 T i R AR XU . HBV 2R3 ] R o i
K MAFLD MG RAEMR Sid i, TR “SRAEE N
BN, R e A R

TCANPF I3 4 Z Bl PR (E 2 A WFIE A% L
REAWTSE B AESE, 7E MAFLD B ERHAT, o H 2
NS, FIB-4 1002 i B Rk 1412 Wik g i
HALT APRIP', (H A4 SRS Wi 4T 32
NBERFESZ IR, 7ENE e 8 8 Sl DA B h R
RAEE2 AR LSM 1E 2 B8 45 b () 5
it b, RGHE T FIB-4, APRI J LSM 2 Wik
g, 48RP —LuEItn e T LiRgs e BRA
#E b FIB-4 12 W i A fk A i 26 F AR e 3 e T
APRI(0.735 vs 0.658, P<0.001), Z324Hr B/RiX
Pl 34 HBV S YL W41 rp 3 8 1, FIB-4 ()
AUC & & . T APRI(0.855 vs 0.740, P<0.001),

MAEAIFHBV YL, PIE 2B ae T R
HICBEZEFP=0.061), I, ZHRESPER,
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LIz
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AST 5 PLT W24, HAZ U S W 2 1T Dk 5
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YER TE R AR PAZ D REMFE bR, LSM ZEAAFSY
Hh e AR AR S B XURS: 23 )2 B ), LSM>12.0 kPa 4
BB I A Ak RURS: 75738 9.183 £%(P<<0.001), X5
REAE LA Y 458 —30, LSM&ETH 1 kPa, FF4F
Al R RS 3N 17% 2%, P FRAT T3 FIB-4 55
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