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Abstract: Objective To investigate the value of predictive models established based on machine learning methods in predicting
the risk of metabolic associated fatty liver disease (MAFLD) , and to analyze its key risk factors. Methods A retrospective
analysis was performed for the 50 variables of 2 168 healthy individuals who underwent physical examination in Department of
Health Assessment, Xiyuan Hospital, China Academy of Chinese Medical Sciences, from January 2021 to December 2024,

including body composition, past history, and laboratory tests, and according to whether they were diagnosed with MAFLD or not,
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they were divided into MAFLD group with 265 individuals and non-MAFLD group with 1 903 individuals. The Mann-Whitney U
test was used for comparison of continuous data between two groups, and the chi-square test was used for comparison of categorical
data between two groups. Randomly split the research data into a training set and a validation set in a 70% to 30% ratio. Predictive
factors were screened from the training set data using univariate analysis, LASSO regression, and multivariate Logistic regression
analysis. Predictive models were then constructed using seven machine learning methods: Logistic regression, decision tree,
random forest (RF) , eXtreme gradient boosting, light gradient boosting machine, support vector machine, and artificial neural
network. Model performance was evaluated by plotting receiver operating characteristic curve for the validation set and calculating
the area under the curve (AUC) , sensitivity, specificity, and Youden index for each model. Furthermore, the SHapley Additive
exPlanation (SHAP) method was used to analyze the contribution of variables in the optimal model. Results The prevalence rate
of MAFLD among the 2 168 subjects was 12.22% (265/2 168). Smoking, diastolic blood pressure, phase angle, visceral fat area,
muscle fat ratio, waist-to-hip ratio, aspartate aminotransferase, non-HDL-C/HDL-C ratio, triglyceride-glucose index, and
gallstones were independent risk factors for MAFLD (all P<0.05). The seven predictive models of support vector machine, eXtreme
gradient boosting, decision tree, light gradient boosting machine, artificial neural network, RF, and Logistic regression had an
AUC of 0.738, 0.754, 0.757, 0.786, 0.795, 0.796, and 0.815, respectively, in the validation set, among which the RF model
had the best discriminatory ability (AUC=0.796, 95% confidence interval: 0.754 —0.839) , with a sensitivity of 81.01%, a
specificity of 63.16%, and a Youden index of 44.17%. The SHAP analysis showed that visceral fat area, waist-to-hip ratio, and
diastolic blood pressure were the top three predictive factors in terms of importance. Conclusion The RF model, constructed
based on body composition and clinical indicators, has a good performance in predicting the risk of MAFLD, and its interpretability

can help to identify high-risk individuals in the early stage in clinical practice.
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B o ARG R G0 A T FhE FHALAS 2% > Sk i)
MAFLD FRCRE , 38 38 T it g 43 A7 48 /s O e XU A1
T, §7E 0 MAFLD (1) B iA 42 AR 3
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ot PR A H o0 FF TR 4 — T[] A 43 A, LA 2021 4F 1 H —
2024 412 H FAz MK Ao A T4 R A 1) (A G 3Ry
XA

NAFRUE W >18 % 0 HEBRARME : (1) A7 IR L 5
(2) A A B Ve R B PRI 28 T B8 AL i T 5
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B R % - (1) AR FEHE$L (body mass index, BMI)>24 kg/m®,
¢ FI=90 em (55 14) A1=85 em (£t ) 5 (2) Bh ik Ifit He >
130/85 mmHg, 8 BEAEAFE = I 52 5 (3) 25 Ji I AR
(fasting plasma glucose , FPG)>6.1 mmol/L , sk i 21 8
F1>5.7% , 88 BEAEAFTE 2 BUBE PR 52 5 (4) 25 I 1L 7 H
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<1.0 mmol/L( 554 ) #1 1.3 mmol/L(Z %) .
1.3 MEFRHKITH (U%%%TQ%E?&%&(Systemic
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Hoitk 40 T E 2 (2) R S8R GE RN 48 2 (systemic
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KL 200 3 T E0/ M L T s (3) 4 B R SR SR AR KL
(aggregate index of systemic inflammation, AISI) = [fl./N i
THEL < BRAZ A B4R x r Pt 20 B ok T2 20 B a4
(4) H il =[5 - 5 4 i 35 20 (wriglyceride-glucose index,
TyG)=In[ TG (mg/dL) x FPG(mg/dL)/2]; (5) H il = Fis
%] K -BMI (triglyceride glucose index-body mass index,
TyG-BMD)=In[ TG (mg/dL) x FPG(mg/dL)/2] x BMI(kg/m®) ;
(6) 1.4 JK MR (uric acid, UA) 5 HDL-C H {E (serum uric
acid to high-density lipoprotein cholesterol ratio, UHR) ;
(7) A = % B2 g 25 11 H [# B2 5 HDL-C I {E (non-high-
density lipoprotein cholesterol to high-density lipoprotein
cholesterol ratio, NHHR) = [ & lH [# f% (mg/dL) - HDL-C
(mg/dL) J/HDL-C (mg/dL) ; (8) AT Bg Il 4% 1 48 %X (hepatic
steatosis index, HSI) =8 X TN & 8 & 3k ¥ #% B (alanine
aminotransferase , ALT)/K & & iR 24, 35 7 % fild (aspartate
aminotransferase , AST) + BMI(kg/m?) +2 (4N J& & ) +2
(ISR A MEIRIR ) 5 (9) LR H (muscle fat ratio, MFR) .
JULPA 55 I8 5 64 LU AR 5 (10) IR WLLE (fat muscle ratio, FMR) :
i 105 55 WU PR B8 EE AR s CLO) PRI 0 LD et L UL ARl
T3 b EERSACH A YRR AR RH A A KR B UL
Bt i Inbody 770 S A 53 M S 3 A
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(R IE AR St 4 7 8 H A AR S B 0 A 2 R R Logistic
(B U543 B F B A 2 7 TO PR 2% Logistic [A] 4 e
KW (decision tree, DT) . F#HL 7% K (random forest, RF) .
M vt 6 $ Tt (eXireme gradient boosting, XGBoost) . %
i g B B FE HL (light gradient boosting machine,
LightGBM) Y ERmEL( support vector machine , SVM ) F |
N T #1222 (artificial neural network , ANN) 7 FhHL#52%
2175 A MAFLD TR AY 3 o 2 ) 32 3035 A e
fiE i 26, 153 A5 B Y il 28 F 1fT X (area under curve,
AUC) R 5 57 P RN 298 38 8055 LAV R AU B
B DX B e 0 A5E 1Y 5 ik v 3% A i 1 % % (SHapley
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2.1 —MFH AWFIRILA 2 168 B RKE , Hrp B
853 1411 (39.35%) , % 1 315 51 (60.65%) . A5 & 5 A& 4
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265 1 (12.22%) o PEI WM AFEHE B s AR E BMI I
[l ] I EE (waist-to-hip ratio, WHR) (L4 & 475K
J (diastolic blood pressure, DBP) . - 4r 40 i 3145 . i/
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2.2 MAFLD & % R &8 Lasso & )2 547 H 5[ K
TE Y ELAT Ge it 5 S AU R F-40 A Lasso [f1IH 437,
3 3 A2 S TR 2 Fe I N LA 07 BE AR A2 B, Fe 240 1B
32 ANRRIEAR i AL HE AR L B AR IR R DBP
/B R B A0 L T S R AR A
WHR [ KRG 7 . P R U7 e AR L B U7 o i 4
BB BE IR B MFR . FMR ,ALT . AST, ALT/AST ,HDL-
C.NHHR.TG.FPG.TyG .TyG-BMI . UA .UHR . & IfiL JE b
PRI FIARZE A7, G e i A% DL IET 1.2,

2.3 MAFLD & £ R K49 % B & Logistic ® )2 547 4%
Lasso [F] 5 5 15 (1) 32 AN FRAE AR 40 A 22 [F & Logistic [7]
U3 A v, &5 LS B JE  DBP KA £ IS U T A
MFR . WHR ,AST . NHHR . TyG F1H 45 £7 /& MAFLD %
DAV 8 Sy S e RT3 (P {E17<0.05) (£ 2) 6

24 BRAMELBE LT BB R AL
FRJF BN 2R 4E o 2 5 Logistic 81 U540 B 07 356 H1 79 10
AT P T R A CRRAE 3 3 Logistic 715 DT \RF
XGBoost . LightGBM .SVM 1 ANN 3t 7 FiHL 2527 2] J5 1244
## MAFLD T LAY | - 76 55 5F 45 h dE 47 I IE . 45
SRR, T R AYTE SRR Y AUC U Y L R 0.738 ~
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Table 1 Comparison of baseline characteristics between the non-MAFLD group and the MAFLD group

#*1 MAFLD AF13E MAFLD A& Z& 45 F R L&

Ly 4E MAFLD 2 (n=1 903) MAFLD 4 (n=265) RN Pl
N[ (%) ] Y'=8.51 0.004
‘e 1176(61.80) 139(52.45)
5 727(38.20) 126(47.55)

WAR [ 51 (% ) | 23(1.21) 12(4.53) X=14.12 <0.001
AR (%) 46.00(32.00 ~ 61.00) 50.00(38.00 ~ 62.00) Z=-2.62 0.009
Him(em) 163.50(158.50 ~ 170.00) 167.00(159.00 ~ 173.50) 7=-334 <0.001
K (kg) 62.60(55.70 ~ 71.45) 73.70(64.40 ~ 83.30) Z=-11.71 <0.001
BMI(kg/m*) 23.50(21.40 ~ 25.80) 26.60(24.60 ~ 29.00) Z=-13.65 <0.001
JEF (em) 83.40(77.30 ~ 90.50) 93.60(87.40 ~ 100.40) 7=-14.38 <0.001
B (em) 94.20(90.60 ~ 98.05) 99.30(96.00 ~ 103.50) Z=-12.69 <0.001
WHR 0.89(0.85 ~ 0.93) 0.95(0.92 ~ 0.99) 7=-15.84 <0.001
Wi i (mmHg) 122.00(111.00 ~ 134.00) 131.00(120.00 ~ 140.00) 7=-1.38 <0.001
DBP(mmHg) 70.00(64.00 ~ 78.00) 76.00(69.00 ~ 83.00) 7=-741 <0.001
PRI AR T4 (X 10°/L) 3.23(2.61 ~3.99) 3.63(2.99 ~ 4.65) 7=-5.63 <0.001
I/ IR ( % 10°/L) 240.00(205.00 ~ 279.00) 249.00(223.00 ~ 294.00) Z=-4.14 <0.001
AT ( X 10°/L) 0.29(0.24 ~ 0.35) 0.34(0.28 ~ 0.42) 7=-6.97 <0.001
LA T4 ( x 10°/1) 1.83(1.50~2.21) 2.08(1.73 ~ 2.47) 7=-6.70 <0.001
SII 420.38(314.13 ~ 548.78) 457.96(327.28 ~ 598.05) Z=-2.39 0.017
SIRI 0.50(0.36 ~ 0.73) 0.57(0.43 ~ 0.86) 7=-4.12 <0.001
AISI 122.40(83.34 ~ 177.68) 148.09(97.73 ~ 229.27) 7Z=-5.05 <0.001
ALT(U/L) 14.20(10.50 ~ 21.00) 22.90(16.20 ~ 35.10) Z=-12.71 <0.001
AST(U/L) 18.30(15.50 ~ 22.00) 20.50(17.20 ~ 25.90) 7=-6.78 <0.001
ALT/AST 0.79(0.63 ~ 1.02) 1.12(0.89 ~ 1.45) 7=-13.36 <0.001
BRLTE (wmol/L) 10.80(8.60 ~ 14.00) 11.30(8.30 ~ 14.20) 7Z=-0.30 0.762
TC(mmol/L) 4.75(4.15~5.41) 4.88(4.17 ~5.49) Z=-0.95 0.340
TG(mmol/L) 1.04(0.74 ~ 1.47) 1.37(1.03 ~ 1.89) 7=-8.22 <0.001
HDL-C(mmol/L) 1.33(1.13 ~ 1.56) 1.22(1.02 ~ 1.38) 7=6.50 <0.001
LDL-C(mmol/L) 2.96(2.41 ~3.59) 3.11(2.56 ~3.73) 7=-2.37 0.018
JILEF (mmol/L) 68.00(59.00 ~ 79.00) 71.00(61.00 ~ 83.00) Z=-2.39 0.017
FPG(mmol/L) 5.29(4.99 ~ 5.69) 5.53(5.17 ~ 6.20) Z=-6.40 <0.001
UA (pmol/L) 304.00(254.00 ~ 361.00) 364.00(303.00 ~ 422.00) 7=-9.10 <0.001
NHHR 2.55(1.91~3.33) 3.02(2.38 ~3.62) 7=-6.37 <0.001
UHR 0.14(0.11 ~0.19) 0.19(0.14 ~ 0.23) 7=-9.40 <0.001
TyG 6.82(6.45 ~7.23) 7.12(6.86 ~ 7.50) 7=-8.97 <0.001
TyG-BMI 159.95(140.95 ~ 182.54) 191.61(174.37 ~211.98) 7=-14.42 <0.001
HSI 31.31(28.55 ~ 34.56) 36.67(34.26 ~ 40.74) 7=-15.96 <0.001
NE W (kg) 19.10(15.40 ~ 23.00) 24.70(21.40 ~ 29.50) Z=-14.12 <0.001
LA (kg) 39.80(35.50 ~ 48.75) 44.80(38.30 ~ 54.20) 7=-6.72 <0.001
MFR 1.24(0.98 ~ 1.62) 1.05(0.84 ~ 1.32) Z=-7.88 <0.001
FMR 0.81(0.62 ~1.02) 0.96(0.76 ~ 1.19) 7=-7.88 <0.001
R i o e 4K 7.10(5.70 ~ 8.70) 9.10(7.70 ~ 10.90) Z=-12.40 <0.001
P2 LN =2 16.10(14.80 ~ 17.90) 17.50(15.90 ~ 19.30) 7=-8.16 <0.001
FNERE (kg) 42.30(37.65 ~ 51.60) 47.60(40.50 ~ 57.50) Z=-6.68 <0.001
B (kg) 22.90(20.10 ~ 28.70) 26.10(21.80 ~ 32.40) 7=-6.76 <0.001
PRNEE 53 1 (%) 30.40(25.40 ~ 35.40) 34.40(30.00 ~ 39.10) 7=-8.68 <0.001
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Table 1 (continued)

Ly 4E MAFLD 2 (n=1 903) MAFLD 4 (n=265) RN Pl

FERIAC R (kD) 5368.07(4 949.67 ~ 6209.06) 5 882.70(5 234.18 ~ 6 773.90) Z=-7.11 <0.001
PR I T AR (em®) 86.70(66.10 ~ 113.10) 120.00(103.90 ~ 148.10) 7=-15.28 <0.001
AL () 4.80(4.30 ~ 5.30) 4.60(4.10 ~ 5.20) Z=-1.75 0.033
EER i dilIRRA 6.60(6.00 ~ 7.60) 7.40(6.50 ~ 8.20) Z=-7.81 <0.001
iR R (A (%) ] 451(23.70) 115(43.40) X'=46.78 <0.001
BRI 5 (%) ] 186(9.77) 50(18.87) Y=19.83 <0.001
JREE A [1(%) ] 26(1.37) 23(8.68) X'=56.31 <0.001

1 MAFLD , fCISF A SRS 105 2E 905 s BMIL AR T 4550 ; WHR , IR L ; DBP, & 3K 1% 5 SIT, 4 B 9005 A RE 5 505 SIRT, R G8 E LW F6 55 AISI, 425
T JRE TR AEFEHG ALT, N IR Z L B Il 5 AST, RAR IR Z L FE RS ; TC, B EE TG, HIM =g s HDL-C, = % BE /IR 2 IR 5 LDL-C, {I% %%
JE BRI E R ; PG, 25 UM ; UA, PRI s NHHR,, 3l 55 %% 3 55 5 %% 4 1 2 0 IR LU s UHR, T PR IR 55 v % g 2 10 IR [ 7 L A5 Ty G,
T iR - AR B Ty G-BMI, Hih — 18 45 4 5 - PR SE 48 20 HSL IR I A 48 B0 MER , WUIR B FMR, IR AILEE .

%2 MAFLD & 4 KUK %500 [E 3= i % [F 3 Logistic B3 947
Table 2 Multivariate Logistic regression analysis of risk factors for MAFLD

St OR 95%CI GIEVEEY Frifiis Wald * 14 PAE

WA 4374 1.471 ~ 13.010 1.655 0.760 2.178 0.029
DBP(mmHg) 1.016 1.002 ~ 1.039 0.028 0.013 2.049 0.040
A A () 0.392 0.286 ~ 0.536 -1.064 0.208 -5.110 <0.001
PIIERE 7 1 B (em?) 1.123 1.087 ~ 1.160 0.126 0.021 5.937 <0.001
MFR 0.074 0.010 ~ 0.562 -3.059 1.327 -2.306 0.021
WHR 7.382 2.964 ~ 16.337 4.132 1.275 3.367 <0.001
AST(U/L) 1.030 1.005 ~ 1.056 0.032 0.016 2.032 0.042
NHHR 0.672 0.517 ~ 0.875 -0.528 0.164 -3.218 0.001

TyG 8.670 4.964 ~ 15.495 6.615 1.497 4418 <0.001
IR 5.974 2.700 ~ 13.218 1.805 0.479 3.767 <0.001

 MAFLD , fCIAH S 18 0P 95 s DBP, &7 5K JE s MFR , LIS [ s WHR, JERE L ; AST, KA R IR B FLFERS I NHHR, e B B E SR @ s EA
JIF R EAE 5 Ty G, T Il — R - G 4 B8 200G OR , HUAE HE 595%C 1L 95% AR IX ],

32 23 16 10 3 0
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20 4
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B 1 E-F Lasso B35 #4148 X AERAIE TR & £ XU 22
BEEREE
Figure 1 Path diagram of risk factor selection for MAFLD
based on Lasso regression analysis
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Figure 2 Cross-validation results of Lasso regression
analysis screening key characteristics influencing the
occurrence of MAFLD
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1.0
0.8
0.6
L]
0.4
0.2 A ~——LogisticEl/3 (AUC=0.815, 95%Cl: 0.773~0.854)
- f ‘ ——DT (AUC=0.757, 95%C': 0.701~0.807)
——RF (AUC=0.796, 95%Ct: 0.754~0.839)
~——XGBoost (AUC=0.754, 95%C: 0.703~0.801)
4 LightGBM (AUC=0.786, 95%Ct: 0.743~0.826)
0.0 ——SVM (AUC=0.738, 95%C: 0.684~0.793)
U4 ——ANN (AUC=0.795, 95%C: 0.747~0.839)
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-RRE

1 : Logistic [M1H , 288 r i 17109 5 DT, ST s RE, BEHLARHR ; XGBoost,
Wb AT, s Light GBM, 42 Rt b BEFE AL ; SVM, SCHF I 4L ; ANN,
NTARZ M4 AUC, 2R i 95%CT, 95% B AR IX 1] .

B3 ETFHNHRFEIENNEIEEZ RN EFRIEFEME
Figure 3 Validation set operating characteristic curve
based on machine learning model

J TR \WHR A DBP BUELER K, HE SHAP {4857 , #8 H H:
KA IRA TE [m] 5200, B 2538 MAFLD % A= XU (&1 S) .

3 g

MAFLD J2&—Ff DR R B 3R 5 3500 I R Joi ok
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Table 3 Screening results for seven machine model validation sets

BLas2 > Ik AUC(95%CI) RPE (%) R EE (%) R E (%)
Logistic [ 0.815(0.773 ~ 0.854) 18.99 97.54 16.53
DT 0.757(0.701 ~ 0.807) 83.54 59.47 43.02
RF 0.796(0.754 ~ 0.839) 81.01 63.16 44.17
XGBoost 0.754(0.703 ~ 0.801) 81.01 59.47 40.49
LightGBM 0.786(0.743 ~ 0.826) 81.01 59.47 40.49
SVM 0.738(0.684 ~ 0.793) 64.56 72.81 37.36
ANN 0.795(0.747 ~ 0.839) 60.76 79.47 40.23

TE : Logistic [, IZARATI 0T 5 DT, D3t s RE, BENLARBK ; XGBoost, R A6 BE S T 5 Light GBM, 8 ZU BB BE SR THIL s SVM, SCHF 1) 441 s ANN,

N TAZML; AUC, IHZE TR IR 95%C1 L, 95% & 47 X[ .
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