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Abstract: Objective To develop a novel clinical predictive model for metabolic dysfunction-associated fatty liver disease
(MAFLD) based on metabolic markers and anthropometric indicators, and to provide a more effective tool for the early screening
and intervention of MAFLD. Methods A retrospective analysis was performed for 2 824 individuals who underwent abdominal
color Doppler ultrasound at Health Examination Center of The First Hospital of Lanzhou University from January 1, 2024 to January
1, 2025, and at a ratio of 7: 3, they were randomly divided into training set with 1 976 patients and validation set with 848
patients. Clinical data, serological markers, and abdominal ultrasound results were collected from all patients, and triglyceride-
glucose (TyG) index, triglyceride-to-high-density lipoprotein cholesterol (TG/HDL-C) ratio, and anthropometric indicators were
calculated. The independent samples i-test was used for comparison of normally distributed or approximately normally distributed
continuous data between two groups, and the Mann-Whitney U test was used for comparison of continuous data with skewed
distribution between two groups; the chi-square test or the Fisher’s exact test was used for comparison of categorical data between
groups. The multivariate logistic regression analysis was used to identify independent predictive factors for MAFLD and
intermediate- to high-risk MAFLD. Five risk prediction models were established for MAFLD based on the independent influencing
factors, and a nomogram was plotted. The receiver operating characteristic (ROC) curve was plotted to assess model performance,
and the area under the ROC curve (AUC) was calculated. The calibration curve was used to evaluate the predictive accuracy of the
models, and decision curve analysis was used to assess the clinical practicability of the models. These models were then compared
with traditional models. Results Among the 1 976 individuals in the training set, 937 (47.42%) were diagnosed with MAFLD,
and 423 (21.41%) were diagnosed with intermediate- to high-risk MAFLD; among the 848 individuals in the validation set, 406
(47.88%) were diagnosed with MAFLD. The multivariate logistic regression analysis showed that male sex (odds ratio [OR]=0.23,
95% confidence interval [ CI]: 0.13—0.39, P<0.05), waist circumference (OR=1.11, 95%CI: 1.06—1.17, P<0.05), alanine
aminotransferase (ALT) >40 U/L (OR=2.24, 95%CI: 1.44—3.51, P<0.05), high-density lipoprotein cholesterol (HDL-C) (OR=
0.07, 95%CI: 0.04 —0.15, P<0.05) , TyG index (OR=8.27, 95%CI: 5.09 — 13.44, P<0.05) , TG/HDL-C ratio (OR=0.84,
95%CI: 0.71—0.99, P<0.05), A Body Shape Index (ABSI) (OR=0.45, 95%CI: 0.39—0.52, P<0.05), and body roundness index
(BRI) (OR=2.31, 95%CI: 1.50 —3.55, P<0.05) were independent influencing factors for MAFLD, and male sex (OR=0.17,
95%CI: 0.10—0.31, P<0.05), age (OR=1.09, 95%CI: 1.07—1.11, P<0.05) , hemoglobin (OR=0.98, 95%CI: 0.97—0.98, P<
0.05), platelet count (OR=0.81, 95%CI: 0.70—0.93, P<0.05), fasting blood glucose (OR=0.80, 95%CI: 0.71—0.89, P<0.05),
triglycerides (OR=0.14, 95%CI: 0.07—0.29, P<0.05) , TG/HDL-C ratio (OR=0.78, 95%CI: 0.67—0.91, P<0.05), TyG index
(OR=5.26, 95%CI: 3.32—8.33) , waist circumference (OR=2.50, 95%CI: 1.72—3.61, P<0.05) , ABSI (OR=0.58, 95%CI:
0.51—0.66, P<0.05), and BRI (OR=0.01, 95%CI: 0.00—0.21, P<0.05) were independent influencing factors for intermediate- to
high-risk MAFLD. Among the five models established, model 5 (incorporating sex, ALT elevation, HDL-C, TyG index, TG/HDL-C
ratio, waist circumference, and ABSI) had the best performance, with an AUC of 0.917 (95%CI: 0.905—0.929) in the training set
and 0.911 (95%CI: 0.892—0.930) in the validation set. The calibration curve showed that model 5 had good predictive accuracy, and
the decision curve analysis confirmed its clinical practicability. Conclusion The predictive model for MAFLD constructed based on
metabolic markers and anthropometric indicators has good discriminatory ability and can be used to assess the risk of MAFLD. In
addition, this study shows that waist circumference, TyG index, TG/HDL-C ratio, ABSI, and BRI are independently associated with

intermediate- to high-risk MAFLD, but further studies are needed to confirm their value in predicting liver fibrosis progression.
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#1 lZrEh MAFLD 03 MAFLD 4 I R 3 #4 EL 3
Table 1 Comparison of clinical data between MAFLD group and non-MAFLD group

S| B (n=1976) 4 MAFLD(n=1039) MAFLD(n=937) ZiHE P
P (%) ] X'=78.33 <0.001

& 450(22.77) 319(30.70) 131(13.98)

5 1526(77.23) 720(69.30) 806(86.02)
BMIZr2 [ (%) ] X'=699.93 <0.001

i 9% 57(2.89) 55(5.30) 2(0.21)

1EH 1061(53.75) 820(79.07) 241(25.72)

T 773(39.16) 158(15.24) 615(65.64)

JE Ji: 83(4.20) 4(0.39) 79(8.43)
AR )Z (%) ] X'=38.68 <0.001

<30% 89(4.50) 59(5.68) 30(3.20)

30 ~39% 261(13.21) 151(14.53) 110(11.74)

40~ 49 % 324(16.40) 159(15.30) 165(17.61)

50 ~59 % 605(30.62) 305(29.36) 300(32.02)

60 ~ 69 % 469(23.73) 218(20.98) 251(26.79)

70 ~79 % 149(7.54) 87(8.37) 62(6.61)

>80 % 79(4.00) 60(5.78) 19(2.03)
ML H (g/L) 154.45+15.08 151.10+ 15.40 158.17 +13.80 1=-10.77  <0.001
WC(cm) 88.0(80.0 ~ 93.0) 82.0(76.0 ~ 88.0) 92.0(88.0 ~ 98.0) Z=-2521 <0.001
M/ MRITEL( x 10°/1) 207.0(174.0 ~ 242.0) 208.0(174.5 ~241.0) 206.0(174.0 ~242.0)  Z=-0.08  0.935
Fp M 20 46 B ( x 10°/1) 3.40(2.76 ~ 4.14) 3.22(2.55~3.96) 3.61(2.96 ~ 4.37) Z=-8.71 <0.001
F AR ( x 10°/L) 5.92(4.98 ~ 6.92) 5.63(4.70 ~ 6.62) 6.27(5.32 ~7.33) 7=-9.87 <0.001

ALT>40 U/LL1](%) ] Y=111.16 <0.001
13 1700(86.03) 975(93.84) 725(77.37)
JE 276(13.97) 64(6.16) 212(22.63)
AST>40 U/LL#] (%) ] X'=27.93 <0.001
i 1909(96.61) 1.025(98.65) 884(94.34)
= 67(3.39) 14(1.35) 53(5.66)
I35 PR A2 (umol/L) 370(315 ~ 426) 341(291 ~ 401) 397(349 ~ 449) Z=-13.94 <0.001
FPG(mmol/L) 5.34(4.99 ~5.87) 5.17(4.89 ~ 5.61) 5.52(5.16 ~ 6.07) Z=-11.50 <0.001
TG(mmol/L) 1.40(1.02 ~ 1.98) 1.15(0.88 ~ 1.48) 1.82(1.31 ~2.46) 7Z=-20.68 <0.001
HDL-C(mmol/L) 1.17(1.02 ~ 1.38) 1.28(1.12 ~1.48) 1.07(0.95~ 1.22) =-18.33 <0.001
LDL-C(mmol/L) 2.86(2.35~3.37) 2.76(2.27 ~3.25) 2.98(2.45~3.49) 7Z=-5.50 <0.001

TyG $5%k 8.72(8.38 ~9.09) 8.51(8.21 ~8.78) 9.02(8.67 ~9.38) 7=-21.28 <0.001
TG/HDL-C 1.19(0.79 ~ 1.82) 0.91(0.63 ~ 1.25) 1.69(1.18 ~ 2.35) Z=-23.40 <0.001
NHR 2.88(2.15~3.84) 2.50(1.86 ~ 3.31) 3.37(2.60 ~ 4.31) Z=-15.87 <0.001
UHR 13.66(10.54 ~ 17.29) 11.58(8.95 ~ 14.67) 16.01(13.13~19.22)  Z=-19.90 <0.001
WWI 10.38(9.97 ~ 10.76) 10.19(9.77 ~ 10.62) 10.53(10.21 ~ 10.84)  Z=-12.45 <0.001
ABSI 0.12(0.12~0.13) 0.12(0.11 ~0.12) 0.13(0.12 ~0.13) Z=-18.05 <0.001
TyG-WCF5 %k 766.96(689.44 ~ 836.35) 701.99(632.30 ~ 763.06) 832.19(778.80 ~ 884.79) Z=-28.35 <0.001

BRI 3.63(3.00 ~ 4.23) 3.15(2.60 ~ 3.64) 4.14(3.68 ~ 4.69) 7Z=-2548 <0.001

TE : MAFLD , AGHAR SCHR W T s BMIL, AR TR K ALT, IN R R E LA RE i s AST , KA R IR AIER R il s WC, MEL s FPG, 23 IR LA TG, H-4ih
= s HDL-C, i % BE NS 8 (I [ % s LDL-C., AR %% B2 i 25 1 ML 1182 5 Ty G A8 £, T imh =R -4 A 08 48 40 NHR, v Mok 240 /s %25 B2 i 2 14 REL 11 5 L
{EL UHR, M0 PRIR/ 5 % HENG 2 11 B [T LU A s W W, R BRI F5 505 ABSIL, B AT 515880 BRI AR IR F5 45
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Table 2 Univariate and multivariate regression analysis of the association between metabolic and inflammatory factors and MAFLD

5iH R EASEi
OR(95%CI) PlE OR(95%CI) P

ke 2.73(2.17 ~ 3.42) <0.001 0.23(0.13 ~ 0.39) <0.001
AR 1.00(0.99 ~ 1.01) 0.682

BMI 1.90(1.79 ~2.01) <0.001

wC 1.19(1.17 ~ 1.21) <0.001 1.11(1.06 ~ 1.17) <0.001
ML A 1.03(1.03 ~ 1.04) <0.001 1.00(0.99 ~ 1.01) 0.682
FFpE R 2 i 6 X6 1.39(1.28 ~ 1.51) <0.001 1.12(0.85 ~ 1.46) 0.425
SE i8R 1.34(1.26 ~ 1.43) <0.001 0.92(0.74 ~ 1.13) 0.428
ALT>40 U/L 4.45(3.31~5.99) <0.001 2.24(1.44 ~3.51) <0.001
AST>40 U/L 4.39(2.42 ~7.96) <0.001 1.57(0.62 ~ 4.03) 0.343
LY PRI 1.01(1.01 ~1.01) <0.001 1.00(1.00 ~ 1.00) 0.255
FPG 1.36(1.25 ~ 1.49) <0.001 0.91(0.80 ~ 1.04) 0.164
TG 3.84(3.26 ~ 4.52) <0.001

HDL-C 0.03(0.02 ~ 0.05) <0.001 0.07(0.04 ~ 0.15) <0.001
LDL-C 1.32(1.18 ~ 1.48) <0.001 1.13(0.94 ~ 1.35) 0.199
TyG #5% 9.08(7.16 ~ 11.50) <0.001 8.27(5.09 ~ 13.44) <0.001
TG/HDL-C 3.99(3.40 ~ 4.69) <0.001 0.84(0.71 ~ 0.99) 0.041
NHR 1.77(1.63 ~ 1.92) <0.001

UHR 1.23(1.20~ 1.26) <0.001

WWI 2.66(2.25~3.13) <0.001

ABSI 1.02(1.02 ~ 1.03) <0.001 0.45(0.39 ~ 0.52) <0.001
TyG-WC 5%k 1.02(1.02 ~ 1.02) <0.001

BRI 5.68(4.82~6.71) <0.001 2.31(1.50 ~ 3.55) <0.001

& MAFLD AR SCRR W PE NG ; OR, FLAE HE ; €1, B A X 0] s BMI, AR EEHE 4505 ALT, 5 208 2 SLHE RS il ; AST, KA IR 2L FE RS ; WC, I
[l FPG , 23 6 I s TG , H il =85 s HDL-C., 725 % 3 g 2 11 IR [ ; LDL-C., {5 %5 B N8 26 11 IR [ A s Ty G 4850, Hr i = 5 -7 20045 45 NHR, i 41
L/ ey 2 32 e R P TR [ s L £ 5 UHR, IR R 1R/ o %88 RS 86 10 DL B2 L s WW L, 4 o 9 4 JOE L 455 ABST, SHIAJE S48 45 BRL, IR RIHE . 32k

R E MRS, 75 22 TR 3R A 0 B T HERR T 275 3%
ety 7E B (7 2K R T VIF>10) , 35 B I AR = X
i LR RAR TR PR A A BT . 2 Z Logistic 715
Oy MTES AR YRR AR 2T WO MR
FPG . TG, TyG 4§ % . TG/HDL-C , ABSI Hil BRI /& ' % &
MAFLD % 4 iy 37 52 & (P{E341<0.05) (%3) .

2.4 MAFLD Fm B A 6y M i 5 3p 4k LT Lakorirdh
T A SR AR 3 5 Logistic [ BRI F MAFLD
FERY 1 g9 A M0 ALT = R HDL-C, 768 AL 1 % SE il
b IR Z A BRI TyG 8% . TG/HDL-C .\ WC il ABSI, #4
A2 3 4 F05, HARATF AR 1 Logit(P)=3.464+
0.233 x PRI (FH =1, L& E=0) +1.383 X ALT(F+ 5 =1,
1E % =0) -=3.267 x HDL-C (mmol/L) ; 1 % 2 Logit (P) =
-12.702+0.076 x ¥ 5] (B =1, Zc 4 =0) +1.188 x ALT
(FH & =1, iE % =0) - 2.575 x HDL-C (mmol/L) +1.765 x
TyGFEH 41 3. Logit(P)=-14.531+0.055 x E5 (A=

FERAE 7 2 PR (=0, B PE=1) .ALT>40 U/L(#5=0,2&=1) AST>40 U/L(75=0, &=1) ; #4725 5 2 DL S8 AR

1, 7 =0) +1.191 x ALT ( J} & =1, 1E % =0) —2.828 x
HDL-C (mmol/L) +2.042 x TyG $§ %(-0.197 x TG/HDL-C;
FEHY 4. Logit(P)=-29.746-1.815 x PE 5 (B =1, L=
0) +0.995 x ALT ( J} 5 =1, 1E % =0) - 2.429 x HDL-C
(mmol/L)+1.887 x TyG 45 44-0.126 x TG/HDL-C+0.200 x
WC; A5 Logit(P)=-21.649-1.839 x L5 (B k=1, %&
P£=0)+0.927 x ALT (F} 5 =1, 1E % =0) -2.306 x HDL-C
(mmol/L)+2.067 x TyG $5%41—0.132 X TG/HDL-C+0.196 x
WC-77.164 x ABSI,,

KA ROC R A 5 Ay () F0l &k e, JF 5 304
ZJU F8 BRI HIS $8 BG4 T Lh 8 (181 2) . ROC 243 B 45
RBR, TR TE LR S R4 | ZJU $8 BO2 Wi L BE
B ER T HISFE A 1.2 .3, 2 R A Git2#m X
(P{E¥<0.05) ; WA 4 5 ZJU 550 22 7 0G0 i =
SCCP{EI>0.05) s BEHY 5 7E I ZR AR RIS TESE 1 AUC fH 53
54 0.917(95%CI: 0.905 ~ 0.929) F10.911 (95%CI: 0.892 ~
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Table 3 Univariate and multivariate Logistic regression analysis of clinical and biochemical factors associated with
medium/high-risk MAFLD

A B ZHZE 1T
OR(95%CI) P1H OR(95%CI) P

Bk 1.82(1.36 ~2.42) <0.001 0.17(0.10 ~0.31) <0.001
A 1.07(1.06 ~ 1.08) <0.001 1.09(1.07 ~ 1.11) <0.001
BMI 1.29(1.24 ~ 1.34) <0.001 0.62(0.33 ~1.19) 0.154
wC 1.10(1.09 ~ 1.12) <0.001 2.50(1.72 ~3.61) <0.001
METEM 1.01(1.01 ~ 1.02) 0.007 0.98(0.97 ~ 0.98) <0.001
I/ 0.98(0.98 ~ 0.98) <0.001 0.81(0.70 ~ 0.93) 0.003
rh P LA A 246 ) 1.01(0.92 ~ 1.10) 0.891

SE i8R 0.99(0.93 ~ 1.06) 0.786

LY PR 2 1.01(1.01 ~ 1.01) <0.001 1.00(1.00 ~ 1.00) 0.888
FPG 1.29(1.19 ~ 1.40) <0.001 0.80(0.71 ~ 0.89) <0.001
TG 1.26(1.15 ~ 1.37) <0.001 0.14(0.07 ~ 0.29) <0.001
HDL-C 0.16(0.10 ~ 0.25) <0.001 1.02(0.86 ~ 1.20) 0.836
LDL-C 0.91(0.79 ~ 1.04) 0.160

TyG 5%k 2.46(2.03 ~2.98) <0.001 5.26(3.32 ~8.33) <0.001
TG/HDL-C 1.23(1.13 ~1.33) <0.001 0.78(0.67 ~0.91) 0.001
NHR 1.16(1.07 ~ 1.24) <0.001 0.93(0.82 ~ 1.04) 0.207
UHR 1.08(1.06 ~ 1.10) <0.001

WWI 3.04(2.49 ~ 3.72) <0.001

ABSI 1.01(1.01 ~ 1.02) <0.001 0.58(0.51 ~ 0.66) <0.001
TyG-WC H5%k 1.01(1.01 ~ 1.01) <0.001

BRI 2.61(2.33~291) <0.001 0.01(0.00 ~0.21) 0.002
ALT>40 U/L 1.18(0.88 ~ 1.60) 0.276

AST>40 U/L 2.52(1.67 ~3.81) <0.001

1 : MAFLD , AR G R IR W PE IR s OR, LLAB EL ; CT, B {5 IX 18] s BMI, R B HE 45 ALT, N IR L AL 1 5 AST, KA R IR A S5 RS il ; WC, [

[l FPG, 25 MR MBS s TG, HHil = s HDL-C, /5 % B2 i 25 1 B &1 s LDL-C, IG5 B A A I BB 5 Ty G #8450, H il =R - A5 A5 W15 400 NHR , Fp R4
(SRR T IR R v 4% B l Il S
JHL/ v % 8 i 1 DL e A UHIR ML 3 DR T/ i % J3E 1R 80 1 O [ 1 (5 WW L, K O 2 T T8 4005 ABST, BHAROE S48 80 BRI AR HE 5. /02
At R AE 7 2 ) (e PE=0, B PE=1) ALT > 40 U/L(%=0,J&=1) AST > 40 U/L(5=0, E=1) ; LR AR f 35 LR 9 AR
1.0 1.0
0.8 0.8
0.6 0.6
o o
0.4 0.4
£ AUC(ZJU$5%K):0.890(0.876~0.905) 0.887(0.865~0.909)
—Aucgli SE%%):0.856(0.840~0.872) 5 : 0.848(0.823~0.874)
AUC(ERT)0.761{0.740~0.782) ‘ —AUC wu) 731(0.697~0.764)
0.2 — AUC(1882):0.825(0.807~0.843) 0.2 / —AUC(#8%12):0.808(0.779~0.837)
—Auc&;_&_sg :0.825( o 806~0.843) 14 — AUC(18%13):0.807(0.778~0.836,
— AUC(18224):0. 899(0 885~0.912) — AUC(12554):0. 89550.874~0,916E
—Aucg;ita) 0.917(0.905~0.929) —AUC ;;Ws 10.911(0.892~0.930
0.0 - T T 0.0 T T T T
0.0 0.2 0.4 0. s 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-5RE ® 1R ®

ZIU FEHH T I A 48550 HISTREL, ITFRE W28 VR85 ROC 4k, it PR VEA R i 48 ; AUC, ROC T2 T iR .
B2 SFHNZERA ROC Lk

Figure 2 ROC curve analysis of the five prediction models

W za, YR b, B0 TEAR .
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FA 2k, 3 BIARSEAD F I ABE 232 15 S o U0 00 ABE 23 5 — B (&
da) s TE B UEHE Hr LAY S 4G v i £k TR RE R B R4 1Y
LR OC FR (& 4b) | TiE WA AU A5 A (] 45080 2 v i) Tt A2
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S DY, B S (325 15 3 PR R S
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AT ST LR HE Rl A AR 48 AR 9 MAFLD I IR
TIASIRY | fre 240 A B T A -4 55 P 1) L ALT \HDL-C.
TyG +§ %0 . TG/HDL-C . WC  ABSI, {H 7151 & 1912, TG/
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Table 4 Analysis of AUC, sensitivity, and specificity of five clinical models in the training dataset

i A ¥ AUC(95%CI) T U S VA PfE"
ZJU 485K 0.890(0.876 ~ 0.905) 0.456 0.828 0.812

HIS 844 0.856(0.840 ~ 0.872) 0.450 0.783 0.766 8.356 <0.001
I | 0.761(0.740 ~ 0.782) 0.486 0.696 0.702 11.339 <0.001
L 2 0.825(0.807 ~ 0.843) 0.477 0.748 0.757 7.367 <0.001
3 0.825(0.806 ~ 0.843) 0.481 0.752 0.747 7.448 <0.001
LAY 4 0.899(0.885 ~ 0.912) 0.409 0.867 0.767 -0.580 0.562
5 0.917(0.905 ~ 0.929) 0.451 0.852 0.816 -4.738 <0.001

D)5 ZJUE . AUC, Zi & 3RV ERe e fh 4k N A CF, B 05 X I0] 5 ZJU F8 80, Wid T Rei e 8 HIS F8 8%, P i Zs PEdE 4
x5 SHMIERERERIEEFHAUC.HBEETNHFRESH
Table 5 Analysis of AUC, sensitivity, and specificity of five clinical models in the validation dataset

SRISES AUC(95%CI) I UK Fp5E Z{H" PAE"
ZJU T4 0.887(0.865 ~ 0.909) 0.454 0.823 0.807

HIS 544 0.848(0.823 ~ 0.874) 0.399 0.813 0.735 4.997 <0.001
Y | 0.731(0.697 ~ 0.764) 0.518 0.631 0.707 8.877 <0.001
7 2 0.808(0.779 ~ 0.837) 0.417 0.810 0.665 5.938 <0.001
R 3 0.807(0.778 ~ 0.836) 0.422 0.810 0.665 6.030 <0.001
Y 4 0.895(0.874 ~ 0.916) 0.470 0.825 0.809 -0.473 0.636
AL 5 0.911(0.892 ~ 0.930) 0.425 0.873 0.791 -2.842 0.004

TE: 1) 5 ZIUSERUL S AUC, ZARF AR RHE M 2R AR5 CF, B AR X TR ZJU S8 200 # TR 2415 500 HIS 18580 IR A8 PR K

N 0 10 20 30 50 60 70 80 90 100
D e T T L B B S | T 1
0
45I(5B=1) %\
1
ATCAOULED)
_ L 1 1 1 1 1 1 1 1 1 1 Il 1 ]
HOLCmmOlL) 355569427 2 1.81.61.412 1 080604022
=2 L 1 1 Il 1 1 1 1 1 1 ]
TyGHEH 7 75 8 85 9 95 10 105 11 115 12
_ L I 1 I 1 I ]
TG/HDL-C 30 25 20 15 10 5 0
L 1 1 1 1 1 1 1 1 1 1 1 1 J
WC{em) 55 60 65 70 75 8 8 9 95 100 105 110 115 120
ABSI L 1 1 1 1 1 1 1 1 1 1 1 ]
02 0.19 0.18 0.17 0.16 0.15 0.14 0.13 0.12 0.11 0.1 0.09 0.08
1¥\ﬁ L " " " " 1 " " " " 1 " " " " 1 " n " " 1 " " " " 1 " " " " J
= 0 50 100 150 200 250 300
MAFLDRf 0.10.30.50.7 0.9

TE TyGHEH, T =R 40 R 80 ABSL BHAIE S840 HDL-C, = BE R A I B 5 TG, HHh =R s WC, I s ALT, IN IR S FL RS Il

MAFLD , fCIsHAH G BRI 1 s
B3 R s g5l E

Figure 3 Nomogram of prediction model 5
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Figure 5 Decision curve analysis of prediction model 5
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