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Analysis of the pathogenesis of non—alcoholic fatty liver disease based on

Bayesian network model
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Abstract: Objective To identify key influencing factors of non-alcoholic fatty liver disease (NAFLD) and construct a
Bayesian network model to explore its pathogenesis. Methods The study was based on the Beijing Health Management Co-
hort. The LASSO regression was employed to screen for relevant influencing factors of NAFLD, and 10—fold cross—validation
was used to select the optimal penalty parameter N. Based on the selected variables, structural learning was conducted using
the Bayesian network model, and the model fit was evaluated through the Bayesian Information Criterion (BIC) and cross—val-
idation for path analysis. Results During the 5—year follow—up period, 22.83% of the 30 001 study participants developed
NAFLD (n=6 850), with an incidence density of 45.7 per 1 000 person—years. Six key influencing factors were identified:
AGE, BMI, HDL-C, FPG, ALT, and DBP, and a Bayesian network model was constructed based on these factors. The
Bayesian network analysis revealed 23 pathways for the development of NAFLD, with the pathway having BMI as the root
node being the most frequent (12 pathways), followed by age groups (5 pathways). The pathway AGE—=DBP—FPG—NAFLD
showed a significantly higher incidence probability in individuals under 45 years compared to those over 45. In cases of low
BMI, the pathway BMI—=HDL—ALT—NAFLD indicated a higher probability of NAFLD compared to other BMI groups.
Conclusion The Bayesian network model elucidated the pathways of NAFLD development and clarified the impact of key
factors on its onset, providing a theoretical basis for early screening and intervention of NAFLD.

Keywords: Non—alcoholic fatty liver disease (NAFLD); LASSO regression; Bayesian network; Pathogenesis
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Figure 1 Flowchart of inclusion and exclusion criteria
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Table 1 Baseline characteristics of study participants [(n(%),(x+5)]
Ap e ST (n=30001) HE(n=11 802) e PE(n=18 199) Giitm PIE
W A 6 659.84 <0.001
2 4295 (14.3) 4108 (34.8) 187 ( 1.0)
w5 25706 (85.7) 7694 (65.2) 18 012 (99.0)
BMI 4341 2 838.27 <0.001
ik 15487 (51.6) 4133 (35.0) 11354 (62.4)
T 6933 (23.1) 3 644 (30.9) 3289 (18.1)
JIEfrE 5837 (19.5) 3732(31.6) 2105 (11.6)
EH 1744 (5.8) 293 (2.5) 1451 (8.0)
[ UINES 2210.29 <0.001
2 6 062 (20.2) 3982 (33.7) 2080 (11.4)
7 23939 (79.8) 7 820 ( 66.3) 16 119 (88.6)
AR5 770.41 <0.001
2 10 331 (34.4) 5180 (43.9) 5151(28.3)
i 19 670 (65.6) 6 622 (56.1) 13048 (71.7)
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(23)
A B HE(n=30001) Hk(n=11 802) 2P (n=18 199) it PiA
1o PRI IMILE 4075.28 <0.001

JE 2922(9.7) 2751(23.3) 171 (0.9)

N 27 079 (90.3) 9051 (76.7) 18 028 (99.1)

JE AN e 1637.82 <0.001

= 2743 (9.1) 2066 (17.5) 677 (3.7)

4 27 258 (90.9) 9736 (82.5) 17 522 (96.3)
R (%) 37.53 +10.72 38.06 + 11.66 37.19 + 10.05 365.55 <0.001
BMI (kg/m?) 22.65 +2.84 23.85+2.75 21.88 +2.62 26.73 <0.001
ALT (U/L) 16.54 + 12.81 2129 +15.61 13.46 + 9.40 862.89 <0.001
LDL-C (mmol/L) 274 £0.73 2.86+0.74 2.67+0.72 17.18 <0.001
TC (mmol/L) 4.66 +0.87 4.67 £0.87 4.65 +0.86 0.09 0.025
TG(mmol/L) 1.02 £0.65 1.24 £0.83 0.88 +0.46 1093.82 <0.001
HDL~C(mmol/L) 1.42+0.32 1.26 £0.26 1.52+0.31 238.12 <0.001
BUN (mmol/L) 447+1.12 494+1.13 416 £1.00 151.96 <0.001
UA(umol/L) 306.35 + 82.39 371.01 +75.22 264.41 +55.24 1085.19 <0.001
SBP(mm Hg) 117.06 + 13.86 123.46 +13.35 112.91 + 12.54 53.59 <0.001
DBP(mm Hg) 71.95 +9.99 75.73 = 10.04 69.51+9.15 125.03 <0.001
AST (U/L) 17.76 + 8.17 19.51£9.32 16.62 +7.11 193.73 <0.001
FPG((mmol/L) 5.05£0.59 5.17£0.70 4.97+0.48 194.34 <0.001
WC (em) 75.79 +9.87 82.44 +7.69 71.48 + 8.66 111.93 <0.001
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Figure 2 Cross—validation plot for Lasso regression of NAFLD

risk factors
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network
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Table 2 Causal pathways from root nodes to NAFLD onset
it Y \
<45 % /W =45 % | 5t
AGE— ALT— NAFLD 25.5 33.2
AGE— DBP— NAFLD 233 27.0
AGE— FPG— NAFLD 272 26.1
AGE— DBP— FPG— NAFLD 39.0 25.0
AGE— NAFLD 22.6 23.8
HDL-C— ALT— NAFLD 25.6 31.7
HDL-C— NAFLD 23.0 23.1
DBP— FPG— NAFLD 26.1 28.2
DBP— NAFLD 22.8 25.6
ALT— NAFLD 22.4 26.6
FPG— NAFLD 229 26.5
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Figure 4 Probability distribution of the bayesian network model for NAFLD onset
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Table 3 Causal pathways from BMI to NAFLD onset

P(%)
ez \
¥ i B LR
BMI— HDL-C— ALT— NAFLD 32.6 37.6 32.3 29.0
BMI— AGE— ALT— NAFLD 31.1 69.0 29.2 314
BMI— AGE— DBP— FPG— NAFLD 27.1 50.0 21.6 32.0
BMI— DBP— FPG— NAFLD 259 50.0 28.9 203
BMI— ALT— NAFLD 25.5 41.3 27.3 25.7
BMI— AGE— DBP— NAFLD 249 26.0 29.7 26.0
BMI— AGE— FPG— NAFLD 24.4 15.9 27.7 29.6
BMI— DBP— NAFLD 24.4 16.6 27.5 25.7
BMI— AGE— NAFLD 24.3 21.1 24.5 25.2
BMI— FPG— NAFLD 24.2 24.1 28.4 29.5
BMI— NAFLD 23.0 229 23.0 23.3
BMI— HDL-C— NAFLD 22.4 32.6 23.0 24.6
3 i i S3HT NAFLD B0 4% o il ad LASSO [m]J5 i 5 i

AWIFEIET BMHC Hiffi, AT DLt $8ir o 2% 508

R M T 24 SRR AR, 4678 145719 KX NAFLD
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Table 4 Comparison of conditional probabilities for NAFLD onset

across different groupings of fixed nodes
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