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Abstract: Objective To investigate the predictive value of machine learning methods for non—alcoholic fatty liver disease
(NAFLD) in non—obese populations and to analyze the risk factors for NAFLD within this group. Methods Data on 43
variables, including body composition, medical history, and laboratory test results, were retrospectively collected and screened
from 1 517 non—obese subjects at the Physical Examination Center of Xiyuan Hospital, China Academy of Chinese Medical
Sciences, between January 2021 and December 2024. The outcome indicator was the diagnosis of NAFLD by abdominal
ultrasonography, based on which subjects were stratified into NAFLD and non-NAFLD groups. Predictors were screened
using univariate analysis, lasso regression, and multivariable logistic regression analysis. Seven machine learning methods
including logistic regression, decision tree, random forest, extreme gradient boosting (XGBoost), light hradient boosting
machine (LightGBM), support vector machine (SVM), and artificial neural network (ANN), were employed to develop and
validate prediction models for NAFLD in non—obese individuals. The shapley additive explanations (SHAP) method was used
to interpret variable contributions. Results Among the 1 517 included subjects, 215 (14.2%) were diagnosed with NAFLD.
Ten independent predictors were identified. The area under the curve (AUC) values for the seven prediction models on the
validation set ranged from 0.876 to 0.924. The model based on XGBoost demonstrated the best discriminative ability (AUC=
0.924, 95% CI: 0.895-0.949). The SHAP value—-based variable importance ranking identified phase angle, the ZJU index,

and UHR as the top three significant predictors. Conclusion The XGBoost model, constructed using routine physical
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examination data, exhibits high predictive performance for NAFLD incidence in non-obese populations. lts interpretable

features facilitate the clinical prioritization of high—risk individuals.
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Table 1 Comparison of baseline characteristics between the non—obese non—-NAFLD group and the non—obese NAFLD group [1(%), M (Pss, Pss) ]

Ap JENEREIE NAFLD ZH(n=1 302) JEACRE NAFLD ZH(n=215) BT E (2 (H) PAE
PR 9.052 0.003

Eegds 853(65.51) 118(54.88)

T 449(34.49) 97(45.12)
W2 A 11.814 0.002

w 1 285(98.69) 205(95.35)

= 17(1.31) 10(4.65)
() 47.00 (33.00, 62.00) 49.00 (36.50, 63.00) -1.620 0.106
BMI(kg/m?) 23.80(21.60, 25.67) 23.20 (20.60, 25.55) -2.191 0.028
JE Rl (em) 83.50(77.40, 89.35) 81.50 (75.65, 88.35) -2.723 0.006
B (em) 94.90 (90.82, 98.20) 94.40(90.00, 97.20) -2.344 0.020
T L 0.88(0.84, 0.92) 0.87 (0.83,0.91) -2.591 0.010
Wi H (mm He) 122.00 (111.00, 134.00) 129.00(119.50, 140.00) -5.887 <0.001
#FkE (mm He) 70.00 (63.00, 78.00) 75.00(68.50, 82.00) -6.072 <0.001
FRPERLAT I x 1071) 3.19(2.59, 3.93) 3.66(3.01, 4.59) -5.722 <0.001
IR x 109L) 239.50 (204.00, 279.00) 254.00 (224.00, 295.00) -4.220 <0.001
PARZANMLT T x 107L) 0.29(0.24, 0.35) 0.34(0.28, 0.42) -6.080 <0.001
TREL A4 x 10%L) 1.84 (1.50,2.21) 2.12(1.77, 2.49) -6.352 <0.001
ALT(U/L) 14.10(10.50, 21.30) 21.70(15.15, 32.20) -10.543 <0.001
AST(U/L) 18.10(15.50, 21.90) 20.20 (17.05, 25.50) -5.607 <0.001
ALT/AST 0.79 (0.64, 1.02) 1.05(0.87, 1.40) -10.991 <0.001
SIRLTZ (umol/L) 10.75 (8.40, 14.00) 11.10 (8.05, 14.20) -0.093 0.931
TC(mmol/L) 474 (4.12,5.42) 4.93 (4.20,5.53) -2.113 0.035
TG (mmol/L) 1.04 (0.74, 1.46) 1.37(1.04, 1.91) -7.934 <0.001
HDL~C(mmol/L) 1.34 (1.13, 1.55) 1.22(1.02, 1.45) -5.031 <0.001
LDL-C(mmol/L) 2.92 (2.39, 3.56) 3.16(2.59, 3.76) -3.090 0.002
WUEF(mmol/L.) 67.00 (59.00, 78.00) 71.00 (61.00, 83.00) -2912 0.004
FPG(mmol/L) 5.30(5.03, 5.73) 5.57(5.18, 6.19) -5.584 <0.001
UA(mmol/L) 300.00 (253.00, 357.00) 380.00(338.50, 423.50) -12.765 <0.001
NHHR 2.53(1.89, 3.28) 2.94(2.38, 3.63) -5.724 <0.001
UHR 0.10(0.07, 0.13) 0.13(0.09, 0.16) -8.173 <0.001
TyG 6.81(6.43,7.22) 7.12 (6.86, 7.54) -8.572 <0.001
TyG-BMI 160.59 (143.52, 176.84) 166.63(149.58, 181.64) -2.753 0.006
METS-IR 2.02(1.88, 2.19) 2.17(2.02, 2.34) -7.232 <0.001
7JU 34.32 (31.88, 36.48) 36.27 (33.87, 38.97) -8.441 <0.001
PRI (k) 19.60(15.90, 23.10) 18.40 (14.50, 22.40) -2.676 0.007
WL (kg) 39.30(35.60, 47.08) 39.40(34.95, 45.65) -0.891 0.373
WUAE b 2.07(1.72,2.71) 2.21(1.77,2.91) -1.932 0.054
AL (kg) 22.60(20.20, 27.58) 22.70 (19.75, 26.60) -1.020 0.309
WRREE 53 (%) 31.25(25.80, 35.38) 29.80 (24.45, 34.60) -1.944 0.052
S Cigg 1272.00 (1 188.00, 1 445.75) 1274.00 (1 173.00, 1 412.00) -0.881 0.378
NG AR (em?) 89.50(68.90, 112.30) 89.00(76.00, 107.45) -0.762 0.448
ARSI (°) 5.05 (4.60, 5.50) 4.50(4.50, 4.50) -13.281 <0.001
B LE L 6.60 (6.00, 7.40) 6.60 (6.00, 7.20) -0.942 0.347
=i ES 26.812 <0.001

w 973 (74.73) 124 (57.67)

2 329 (25.27) 91 (42.33)
Wi BRI 10.802 0.002

& 1157 (88.86) 174 (80.93)

= 145 (11.14) 41 (19.07)
JiRgk 75.878 <0.001

w 1286 (98.77) 190 (88.37)

Py 16 (1.23) 25 (11.63)
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Figure 1 Path diagram of risk factor selection for non—obese

NAFLD based on lasso regression analysis
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Table 2 Multivariable logistic regression analysis of risk factors

for NAFLD in non—obese patients

At W REC ARfER Wald 2 {H PiH
M/ x 1071)  0.006 0.003 2418 0.016
LA ) -2.277 0.246 -9.266  <0.001
Mg (ke) -0.192 0.045 4294  <0.001
ALT(U/L) -0.046 0.023 -1.985 0.047
AST(U/L) 0.0789 0.030 2,613 0.009
HDL-C(mmol/L) -3.398 1.042 -3.262 0.001
TG(mmol/L) -0.339 0.130 -2.608 0.009
UHR -38.183 10.100 3780  <0.001
7JU 0.598 0.081 7363  <0.001
i) 2.491 0.587 4243 <0.001
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Figure 2 Cross—validation results of lasso regression analysis
screening key characteristics influencing the occurrence of

non—obese NAFLD
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Table 3 Screening results for seven machine model test sets

WLasa ) Tk AUC (95%CI) RIE(%) TR (%) PR E(%)
logistic 91.01(87.87 ~ 93.97) 51.56 94.10 45.67
DT 87.6(84.51 ~ 90.43) 96.88 71.03 67.90
RfAILAR AR 91.47(89.90 ~ 94.36) 90.63 81.79 72.42
XGBoost 92.36(89.47 ~ 94.91) 92.19 82.56 7475
LightGBM 91.17(88.10 ~ 94.10) 90.63 77.95 68.57
SVM 87.75(83.48 ~ 91.87) 76.56 81.54 58.10
ANN 88.89(84.51 ~ 92.85) 78.13 81.79 59.92
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Figure 4 Feature importance ranking chart
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