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Abstract: Objective To investigate whether visceral fat area (VFA) is an independent risk factor for significant liver fibrosis in
patients with nonalcoholic fatty liver disease (NAFLD) based on clinical data, and to establish an effective diagnostic model.
Methods A total of 222 NAFLD patients who attended Department of Hepatology, Guangdong Provincial Hospital of Traditional
Chinese Medicine, from January 2021 to April 2025 were enrolled, and according to liver stiffness measurement (=8 kPa or not) ,
they were divided into significant fibrosis group and non-significant fibrosis group. Propensity score matching (PSM) was performed
at a ratio of 1:1 to balance the baseline data between the two groups. The independent-samples ¢ test or the Mann-Whitney U test
was used for comparison of continuous data between two groups; the chi-square test was used for comparison of categorical data
between groups. A Spearman correlation analysis was used to determine the correlation of VFA and other indicators with significant
liver fibrosis; univariate and multivariate logistic regression analyses were used to identify whether VFA was an independent risk
factor for significant liver fibrosis in NAFLD patients, and the receiver operating characteristic (ROC) curve was plotted to assess
the predictive performance of related indicators. Results A total of 45 patients with significant liver fibrosis and 177 patients
without significant liver fibrosis were enrolled, and after PSM, 90 patients (45 pairs) were finally included in analysis. Compared
with the non-significant fibrosis group, the significant fibrosis group had significantly higher levels of body mass index (BMI) ,
fasting blood glucose (FBG) , glycated hemoglobin (HbAlc) , uric acid (UA) , alanine aminotransferase (ALT) , aspartate
aminotransferase (AST) , gamma-glutamyl transpeptidase (GGT) , controlled attenuation parameter (CAP), and VFA, as well as
a significantly higher proportion of patients with visceral fat obesity or three or more metabolic risk factors (all P<0.05). VFA,
BMI, AST, and HbAlc were strongly correlated with significant liver fibrosis (all >0.5, all P <0.05) , and ALT, GGT, UA,
FBG, and CAP were significantly positively correlated with significant liver fibrosis (r=0.3—0.5, all P<0.05). VFA (odds ratio
[OR]=1.040, 95% confidence interval [ CI]: 1.018—1.062, P<0.05), FBG (OR=2.372, 95%CI: 1.199—4.691, P<0.05), and
AST (OR=1.032, 95%CI: 1.003—1.058, P<0.05) were independent risk factors for significant liver fibrosis in NAFLD patients.
The new diagnostic model based on VFA, FBG, and AST (with an area under the ROC curve [AUC] of 0.907) had a significantly
better performance than aspartate aminotransferase-to-platelet ratio index (AUC=0.834) , fibrosis-4 (AUC=0.660) , triglyceride-
glucose index (AUC=0.656), and NAFLD fibrosis score (AUC=0.768) in predicting significant liver fibrosis in NAFLD patients
(all P<0.05). Conclusion VFA is an independent risk factor for significant liver fibrosis in NAFLD patients, and the noninvasive

diagnostic model based on VFA, FBG, and AST can effectively predict the onset of significant liver fibrosis in NAFLD patients.
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Ak W5 K5 Pk BE W5 PE JF 9% (non-alcoholic fatty liver
disease, NAFLD) 2Bk ST 46 240y 32.4% ", 3 3% B T JUE
g AB A O ILAE B U AR AR DB S A S A A e
Jed 1) KB RS IS B 2 38 o, L4 AR T 28 B 27 4t b
SR . PRI, TR R A A I ARG PR AR i 1
JFR , I EF de A i A7 7E 5 )™ 51 72 B2 #4035 NAFLD
FHRRBPUS , SRIBIE T3 FRE A S IEAH X3
PR S ARSE . ZERE AT MRS AT 4k 4 I
NAFLD % B9 TR SEFE T MR . 2 35 7w [ 4h
W5 % B0, N IE IS 7 T FR (visceral fat area, VFA) 5
NAFLD f % 1 5 J 5 TEARCH O 55 AR PR W o
R B ERFLF AL R A B — i B SR, A
KT VEA RYRTFEAT SR D o BRI, ASBIESE B FER T VA
5 NAFLD S35 & A4 3% AR dEA it 56 &R | JF 76 L Ak
K NAFLD W 3 25 4E Ak 2 WAL, Sk it — 20 B
1A NAFLD 2% 27 i AL $ L 2 WA s

1 #PEHZE

L1 BFZLat % e 2021 4F 1 H —2025 4F 4 W] T
JUIRAE T B R RS [ NAFLD (825 G R PORE, 94
ARt (1)18 ~ 70 % 5 ()45 & (AR A VAR 107 1R I 17
I 4 R (2018 47 587 A7) ) 1 NAFLD 19 32 7 s i 5
(3) 3552 FibroScan Il VFA K5 #r it 8 % . HEBRARME: (1)
B I AT B TR S 255 (2) & I L 2
PR E B RSN LR FR G0 A8V B IR X A
P2 VR BBV IR 2 5 (3) 2 10 W LA N0 M A 2
5 (4 EERHR R A

12— bk e BURBE W —MRBORH, AR
WS AR FE U (body mass index, BMI) AN s FEadyR
o S5 DR BRI 0 45 T D 98 A [ 9 2 R R 5 7S I
(alanine aminotransferase, ALT) . F & & g 2 3L 7 il
(aspartate transaminase , AST) | y-72 % Bt 5% % i (gamma
glutamyltransferase, GGT) | . JR 1 (uric acid, UA) AT
W8 bR [ 25 18 1A (fasting blood glucose, FBG) . AL M
21 %5 H (glycosylated hemoglobin, HbAlc) ] AR 1Rl 5 #5
[ H W = B (triglyceride , TG) . & JH 5 (total
cholesterol, TC) . & %% B I8 & M 0 [& i (high—density
lipoprotein cholesterol, HDL-C) | fi % B g £& 1 IH [&] it
(low-density lipoprotein cholesterol, LDL-C) | & #R##A |
FibroScan } VFA $¥54% .

1.3 FibroScan #& 3E 0 & % FH1% E Echosens 2 7] 4 7=
i) FibroScan JHFH) g 5 Y1k ft b8 2 WY, Birfy 22 i3
B 148 2 L DI ERAE N D3 58 UASI o B0
TEA RO R =10 1k, SN 3>60% H.IU /M0 iE 5

1V E B <0.30 5 AR 4 AR AH 5C (PSR P ) IR o 1 s
B 6 45 B (2024 4 i) ) K BT B8 B {E (liver stiffness
measurement, LSM ) =8 kPa 14 i 5 IF£F 444 (n=45) ,
LSM<8 kPa 407G i E AR 4 AL 4l (n=177) .

1.4 VFA K ER T L VFA R H AR % HDS-
2000 PN A A 17 00 225 3 ok 2 W BB AR A T IE R
T FRURE 25, o 4l 5 A% 22 0 W T AR 437 4k T
Yl , 08 5 K ST 2 18 S VEA o 3G I 7 vk B AL
W2 4 R PR R T L 5 e e (TeER ) B
o, MR A R ol I Je R R A B R A B L
(2021 4E)) 7 45 VFAZ100 em? 52 Xk I ERY AR

1.5 RitErk B Fe s RIERRE RN EIKIES
% 2024 47 & AR A CROEHAE G (RS M ) B I M I B R
PR A4+ (1) BMI>24.0 ke/m?, 8 W FE (90 cm,
LE2R5 em) BUE AR T & i FUARE B 43 LUEAR ; (2)FBG>
6.1 mmol/L, 8%, F & J5 2 h Ifil. ¥ >7.8 mmol/L 8¢ HbAlc>
5.7% , 854 2 RUBE R L, B RS R ARSI S 3R
P8 >2.5; (3) 25 M5 IfiL 3 TG=1.70 mmol/L, 5% 1F 7 4%
ZRENRZ5YAYT ; (4) 175 HDL-C<1.0 mmol/L( 54 , Fi<
1.3 mmol/L(ZctE) , 88 IETEHESZ AR 2503697 5 (5) ML=
130/85 mmHg, 5835 IEFEHEZ B IR 2500697 -

1.6 AXaARG T HEAKX (1) REAMRA LN/
1fiL /N M2 B 18 48 X (aspartate aminotransferase to platelet
ratio inded, APRI) =AST/I1E & {8 I FR/PLT; (2) £F 4k fk -4
18 # (fibrosis-4 index, FIB-4 $& % ) =PLT x ALT/AE % x
AST; (3) H il = g - % 4 ¥ 38 % (wriglyceride-glucose
index, TyG #8%0) =In(FBG x TG)/2; (4) NAFLD £F 4L 1T
43 (NAFLD fibrosis score, NFS) = - 1.675+0.037 x 4F {5 +
0.094 x BMI+1.13 x 75 JiF Ifil 4% 32 /0 IR (=1, & =
0)+0.99 x (AST/PLT)-0.013 x PLT-0.66 X (A% H .

1.7 %tk WAIE P4 E LK, il
R4.2.1 %% A% oF 17 {6 1) 4 3F 43 DT B (propensity score
matching, PSM). DIVER] AEWSAE R PS5 & R EHE
49 0.04, % 1: 1 9547 PSM, LU ] g s AR 28 T4, B A%
PEPEDR (o PSM RIS M 8E 18 SPSS 27.0 R 4.2.1 84
PTG M o BOE R AL B FE R AR .
TORLE R H Kolmogorov-Smirnov T AT IE R ER R,
PR IR A, DL x5 FoR, 4L LR AL AL ¢ 4G
B s AN L IES 0, UM (P ~ Pog) R, P4 HL A
K F Mann-Whitney U ;% . #H 3¢ 1 73 B 2K H Spearman
FRAR M B h B A C R 8, R AT IR I R e 2 %
Logistic [91 94347 NAFLD S8 # & AE 1 28 21 4 AL 0 52
o R 2 H B AE FRAE 2 (receiver operator
characteristic curve, ROC {1 £k ) 73 ¥ 2 571G B& R 25 44 1
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B JC BN B RS NAFLD £ 35 & A=t 35 41 4 Ak %) T30 4y
fH. P<0.05 hZEREAGITFE X,

2 R

2.1 —f&FAH L2226 NAFLD BN AT, Horp
To i AR e AR 2l 177 1), 0 35 T F e Ak 2 45 651, R
PSM J5 i e R VL 90 141 (45 X)) H s . 4 PSM 5, i T
1 44K 4H 1) BMIL,FBG .HbAlc \UA \ALT  AST . GGT 5% 1%
IR ZH (controlled attenuation parameter, CAP) \VFA /K
P IE R AE e L B ARG PR 32 >3 1 LA ) o 2 v T
TC i E LT AL (P $4<0.05) (R 1),

2.2 NAFLD R ZFAT 4 b 5 VFA Bt A8 X 06 R 45 A7

#4948 % P 5 A Spearman # J& M43 BT R, VFA 5
NAFLD i 3 45 4 Ak A7 A2 38 0F AH G (r=0.53, P<0.001)
HoAth 22 1 AR 1 48 #1 (BMI, FBG ., HbAle, UA) ¥ J1 g
(ALT.AST.GGT) .CAP 755 NAFLD & 3 27 4 fb 5
FEAH C (P {H 1 <0.05) , Ho v BMI ¥ AH 56 P B ik (r=
0.577) ; B8 A8 45 #% (TG . TC . HDL-C . LDL-C) 5 NAFLD
2 F LT AEA T B 3 A OCHE (P >0.05) (£ 2) .

2.3 VFA# i NAFLD 8% R FAF A ENGERE SR
# Logistic & )2 241 ALK 2 Logistic [ 9 43 #7975 1%
VFA . CAP ALT,AST.FBG.UA .HbAlc & AR XS
Z >3 Fll BMI 9N [H % 5 NAFLD I 35 AT 27 4 b A ¢ (P 1
¥5<0.05), HE—HLLZRE Logistic [\ 7 M 2 1 s,

&1 PSMEIENAFLD BEFAFHEUELEEFFHEULNER R ENLIEIRILER
Table 1 Comparison of baseline and biochemical indicators between NAFLD patients with and without significant liver
fibrosis before and after PSM

VERCH]T VC L5
izt e A g I ENFerYEfbs . i ENFerYEfbs i ENFerYkfbs X
R VRO s e TR SEIIE i e
R (R) 48.00(40.00 ~ 54.50) 38.00(29.00 ~ 52.50) Z=-3.115 0.002 39.00(31.50 ~ 49.50) 38.00(29.00 ~ 52.50) Z=-0.166 0.868
B H1(%) ] 116(65.54) 33(73.33) X' =0.988 0.320 30(66.67) 33(73.33) X' =0.479 0.490
BMI(kg/m?)  25.47(23.64 ~ 27.61) 30.70(27.43 ~ 32.64) Z=-6.267 <0.001 24.67(22.43 ~ 26.88) 30.70(27.43 ~ 32.64) Z=-5.447 <0.001
TC(mmol/L.) 5.14+1.02 547+1.15 1=—-1.601 0.109 5.36+0.95 547+1.15 1=-0.456 0.650
TG(mmol/l.)  1.57(1.13~252)  220(1.57~3.13) 7Z=-2975 0.003 1.87(136~2.62)  22(1.57~3.13) Z=-1477 0.140
HDL-C 1.11(0.96 ~1.28)  1.06(0.88~1.26) Z=-1.597 0.110 1.09(0.98 ~1.30)  1.06(0.88~1.27) Z=-1.497 0.134
(mmol/L)
LDL-C 323(2.73~3.84)  344(2.80~4.08) Z=-1.532 0.125 3.38+0.91 3.50+0.84 1=-0.673 0.503
(mmol/L)
FBG(mmol/L) 5.11(4.68~5.55)  5.64(5.05~7.36) Z=-4.064<0.001 4.99(4.62~537) 5.64(505~7.36) Z=-3.866 <0.001
HbAlc(%) 5.70(540~6.10)  6.20(5.85~6.90) Z=-5.776<0.001 5.60(5.40~6.00)  6.20(5.85~6.90) Z=-5.041 <0.001
UA(umol/L)  396.56 + 100.19 482.16 £ 113.60  1=-4.977 <0.001  407.31+103.91 48216+ 113.60  1=-3.261 0.002
ALT(U/L) 26.00 97.00 Z=-5.900 <0.001 27.00 97.00 7Z=-4.193 <0.001
(18.00 ~ 55.50) (46.50 ~ 113.00) (20.00 ~ 65.00) (46.50 ~ 113.00)
AST(U/L)  22.00(17.50 ~ 31.00) 51.00(34.50 ~ 74.50) Z=-7.110 <0.001 23.00 51.00 7Z=-5.022 <0.001
(19.00 ~ 35.00) (34.50 ~ 74.50)
GGT(U/L) 42.00 82.00 7=-4.679 <0.001 47.00 82.00 Z=-3.301 0.001
(25.00 ~ 71.00) (54.50 ~ 131.50) (24.00 ~ 82.50) (54.50 ~ 131.50)
CAP(dB/m) 279.97 +46.09 319.67+39.65 1=-5298 <0.001  270.80 +47.66 319.67+39.65  1=-5.287 <0.001
VFA(cm?) 91.00 122.00 Z=-5.391 <0.001 81.00 122.00 Z=-5.000 <0.001
(72.00 ~ 116.50)  (105.50 ~ 163.00) (59.00 ~ 112.50)  (105.50 ~ 163.00)
A E Y A 72(40.68) 36(80.00) X'=22.207 <0.001 17(37.78) 36(80.00) X'=16.568 <0.001
[#1(%)]
i [ 78(44.07) 21(46.67) X'=0.098 0.754 17(37.78) 21(46.67) xX'=0.729 0.393
(%) ]
R KBS R 88(49.72) 39(86.67) X'=20.009 <0.001 23(51.11) 39(86.67) Y'=13.272 <0.001
#=3[61(%)

1 PSM, i 1) #4373 DE B s NAFLD , FETEDRS 14 0 105 16 I s BMIL, AR TE 48 40 TC, VIR B TG, Hlh =R s HDL-C, /=1 2 % i 25 1 1 [ % ; LD L-
C, %% B AR R [ B FBG, 45 B U s HbA Lo, PR IMET 86 (4 UA, BRI s ALT, IN IR IR Wi AST, RAEIRZILHEFE W ; GOT, y- A & k%
FEMlE; CAP, Z IS4 VEA , NIRRT AR
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%2 NAFLD BZRFAEN SIERIEFRIE K ED
Table 2 Correlation analysis between significant liver fibrosis
in NAFLD and related clinical indicators

Bhn r{H P
VFA 0.530 <0.001
BMI 0.577 <0.001
TC 0.028 0.795
TG 0.157 0.141
HDL-C -0.159 0.135
LDL-C 0.053 0.622
FBG 0.410 <0.001
HbAlc 0.534 <0.001
UA 0.303 0.004
AST 0.532 0.005
ALT 0.444 0.023
GGT 0.350 0.001
CAP 0.491 <0.001
PN RETRUAE fie 0.429 <0.001

1 :NAFLD , JAEW9RE PR NG WM 05 s VEA , P9 IERR 197 T80 FE s BMIL, 44 &
F8 85 TC, SRR EE ; TG, T =8 ; HDL-C, /=5 % B A5 2 1 IR ] /5
LDL-C, {65 B N5 25 11 JH [ B FBG, 25 i 1% ; HbA Le , WAk 2T 2 11
UA, BRI ; AST, R AR AL AL ; ALT, N R R R ILH L1l ; GGT,
V- ; CAP, 52 Fs s S 80

VFA (OR=1.040) . FBG (OR=2.372) . AST (OR=1.033) &&
NAFLD 1 2 JIF 2F 45 46 19 2h 57 fa B P& (P fE 1 <
0.05)(#£3),

2.4 AT VFAM & R AR T NAFLD 2 3 A7 4 4
H ROC W & 54 FET VFA FBG Ko AST # A 5 U
Jo IR Al A R NAFLD 52 3% 19 i 25 P 4F 44k, 1
ROC 4% T 1 FH (area under the curve, AUC) A 0.907, %%
S SRS N 91.1% F1 84.4% (F 4) . Bl
T 5% g & L T APRI(AUC=0.834, P<0.001) .FIB-4
T84 (AUC=0.660, P<0.005) . TyG $5 %X (AUC=0.656, P<
0.05) & NFS(AUC=0.768,P<0.001) (& 1)

3 itig

PRE i 5 A (S R e A7 O 30 O, o e — i
PP AR IBLH LR, TR A 45 B R AR L SR R g
(k2RI ZE | AT 22 55 NAFLD (10 & WL =), e
WFFT T, YA HERR 5 4T 44k L) 2 NAFLD (97515
I RECIOT I IR DA | R ORS T i 5 P I 4 B
HFEF 2 A B TR 12 ARBFSEE— 2 E 52, VFA
FENAFLD (38 & A W E A e AL S fE B IR K

R3 VFAZIMNAFLD 25 BEFFELR B EZE . L EZE Logistic [ 13447

Table 3 Univariate and multivariate logistic regression analysis of the impact of VFA on significant liver fibrosis in NAFLD patients

- P FE AT ZHE 5
OR(95%CI) PH OR(95%CI) P1E

ALT 1.019(1.008 ~ 1.030) 0.001

AST 1.046(1.021 ~ 1.070) <0.001 1.032(1.003 ~ 1.058) 0.016

FBG 2.515(1.465 ~ 4.319) 0.001 2.372(1.199 ~ 4.691) 0.013

CAP 1.026(1.013 ~ 1.038) <0.001

BMI 1.349(1.174 ~ 1.550) <0.001

VFA 1.038(1.020 ~ 1.056) <0.001 1.040(1.018 ~ 1.062) 0.001

UA 1.006(1.002 ~ 1.011) 0.003

HbAlc 5.215(2.089 ~ 13.018) <0.001

R G R N 2 >3 7.618(2.878 ~ 20.160) <0.001

TE:VEA, AEJ 5 1 AR

sNAFLD, JEWERS VG 05 PR P90 s ALT, P 2 R B L HE Rl  AST, K&

RRE LRl s FBG , 25 i LB ; CAP, B2 45 5505,

$880 BMIL A B 1580 UA, JRIR s HbA Le ML L2085 H s OR, LA L s CTL, BAF XA,

*4 HEBFNNAFLD £2& B EFFHEULHROCHLER
Table 4 ROC curve results for significant liver fibrosis in NAFLD patients predicted by each model

Lz U (%) PR (%) WA AUC(95%CI) P
BT 91.1 84.4 -0.5574 0.907(0.843 ~ 0.970) <0.001
APRI 77.8 75.6 0.330 2 0.834(0.750 ~ 0.918) <0.001
FIB-4 5%k 60.0 66.4 0.776 4 0.660(0.549 ~ 0.772) 0.009
TyG 844 93.3 35.6 7.052 4 0.656(0.543 ~ 0.768) 0.011
NFS 71.1 73.3 -2.4910 0.768(0.671 ~ 0.866) <0.001

1 s NAFLD , JE RS YEAS 7 PE F0 s ROC #h 28 , 32183 BR VR IE M 28 5 APRI, K 4% 2 IR 2 I R B/ 1L/ M L A48 55 s FIB-4 48 %k, 7 4 k-4 45
B TyG H8 8L, HIh =R - 4 45 B8 50 NES, AR WS TG W M I £F 4 AT 20 OR, FLE G s 1, B A5 X ]



RiFH, % . NAEREREREEEEERETREEREREMFEUNZMEFNERGE

317

10 —
J — LSRR
* — — IR E
i =
081 — [ TyGH &
i [r NFS
" 0.6 | J—J /_‘
& |
0.4 | ’- _'—F
0.2 J’ ]
J7
0‘0 L 1 L 1 l
00 02 04 06 08 1.0
1-R¥RE

1 :ROC MIZR, Z I H BRI M2k s APRT, XA R ZAERE R M/ 1L/
BB FIB-4 $8 40, 27 A AL -4 F8 80 TyG FHL, HH = 18- A B
B NES, AR TR MR 5 HE T 47 4E AT 55
1 ROC HiZ&iF{E#1%8  APRL. FIB-4 3540, TyG 64
NFS % NAFLD 2% I 32 B 47 4L i T &

Figure 1 ROC curves evaluating the predictive value of new
prediction model, APRI, FIB-4, TyG index, and NFS for
significant liver fibrosis in NAFLD patients
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