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Construction of a short—term prognostic model for patients with
decompensated hepatitis B cirrhosis complicated by acute—on—chronic

liver failure based on machine learning
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[ Abstract] Objective : To construct a predictive model for the 90-day prognosis of patients with decompensated hepatitis B cirrhosis
complicated by acute—on—chronic liver failure (ACLF) , and to assess its predictive efficacy. Methods : A retrospective analysis was per-
formed for the clinical data of 218 patients with decompensated hepatitis B cirrhosis complicated by ACLF who were admitted to The
General Hospital of Western Theater Command from January 2015 to January 2023, and these patients were randomly divided into a
training set with 153 patients and a validation set with 65 patients at a ratio of 7: 3, with the training set used for model construction
and the validation set for model validation. The least absolute shrinkage and selection operator (LASSO) regression analysis was used

to identify the key variables associated with prognosis, and 10 machine learning algorithms were used to construct a predictive model

for the 90-day short—term prognosis of patients with decompensated
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HETE w4 P 255 8B R K T A (%5:2023Ms458),  hearest neighbor (KNN) , and light gradient boosting machine

(LightGBM). The receiver operating characteristic (ROC) curve

hepatitis B cirrhosis complicated by ACLF, including logistic regres-

sion model, gradient boosting machine (GBM) , random forest, k—

was plotted, and the area under the ROC curve (AUC) , accuracy,
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sensitivity , specificity, and F1-score of different models were compared to assess their predictive efficacy. Shapley Additive exPlana-

tions (SHAP) was used to analyze and rank the contribution of key variables to the prediction results of the optimal model. Results : Six

variables were identified by LASSO regression, and 10 machine learning models were constructed based on these variables, among

which the LightGBM model showed the optimal predictive performance, with an AUC of 0.813 and an accuracy of 0.769. The SHAP

plots showed that total bilirubin had the greatest importance, followed by international normalized ratio, hepatic encephalopathy, white

blood cell count, age, and low—density lipoprotein cholesterol. Conclusion : This study successfully constructed the models for predict-

ing the 90-day prognosis of patients with decompensated hepatitis B cirrhosis complicated by ACLF, among which the LightGBM

model has the best predictive performance and can help to identify high-risk patients and provide a basis for clinical decision—making

and intervention.
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TBIL.PT .INR WBC JRZE & G NA7TR XU 23w AT
2 (P{E<0.05) ; T LDL-C 7 A 2 1 47 4k 25 1 )5 K& Na'7k

28 YL (n=153) IR UFAE (n=65) PE
PEA(5) 127(83.0%) 54(83.1%) 0.990
AR (%) 52.00(45.00,61.00) 57.00(48.00,61.00) 0.152
HDL-C(mmol/L) 0.32(0.17,0.42) 0.32(0.20,0.45) 0.695
LDL~C(mmol/L) 1.46(1.03,1.72) 1.46(1.07,1.88) 0.343
HEF (g/L) 30.20(27.30,33.20) 31.70(27.90,33.50) 0.147
AR M (g/L) 41.00(27.00,56.00) 41.00(27.00,51.00) 0.571
M W R i (U/L) 164.00(120.30,201.50) 152.20(122.10,205.80) 0.147
TBIL(pwmol/L) 344.10(242.71,480.50) 344.70(228.20,545.26) 0.440
ALT(U/L) 213.10(98.10,627.80) 350.60(97.40,676.10) 0.253
AST(U/L) 243.10(116.40,558.50) 290.60(124.00,713.90) 0.393
SRR (wmol/L) 220.80(169.90,272.10) 217.40(176.00,303.80) 0.517
JIEL Gt (U/mLL) 3.24(2.40,3.60) 3.24(2.71,3.80) 0.125
V- ARSI (U/L) 82.90(56.00, 124.30) 92.50(54.80,156.80) 0.356
MBS A 3 1 (mg/L) 11.98(10.00,13.49) 11.98(10.40,12.38) 0911
PT(s) 20.90(18.40,25.80) 21.20(19.10,26.70) 0.420
INR 1.87(1.63,2.32) 1.89(1.68,2.41) 0.568
YRR A5 (g/L) 1.15(0.88,1.43) 1.15(0.93,1.38) 0.830
AFP(ng/mL) 49.69(14.22,141.20) 26.88(7.44,77.33) 0.095
WBC(x10°/L) 6.13(4.35,8.45) 6.80(5.16,8.55) 0.530
PLT(x10°/L) 70.00(42.00,101.00) 73.00(52.00,110.00) 0.296
LYM(x10%L) 0.79(0.54,1.12) 0.82(0.57,1.36) 0.436
C RO (x10°/1) 16.50(9.24,21.65) 18.01(12.08,21.07) 0.307
K*(mmol/L) 3.88(3.48,4.22) 3.86(3.46,4.25) 0.803
Na*(mmol/L) 134.40(131.51,136.93) 134.80(131.10,138.10) 0.511
PRZ A (mmol/L) 5.00(3.74,7.82) 5.51(3.86,7.61) 0.475
LB ( pumol/L) 78.00(64.60,94.00) 82.00(68.00,106.90) 0.159

W HDL-C, 785 %% & i 45 1 B [ 5 ; LDL-C , {5 %% 5 I8 48 131 JIH [ 85 ; TBIL, BAIHZT 2 5 ALT, 45 %6 S i ; AST , 45 W 56 S il 5 P'T, € 1l il J5E 1sf i) 5

INR, [E BRFRIEA LA s AFP, A2 19 s WBC, FL 40 s PLT, /MR LYM, Ik EV 40 s K, 1175 K 5575 Na*, 137 Na 551
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LASSO [ U5 43 47 45 5 87 , 528 e /Mm% 25 19 M Ky
0.06 , e T8 Hh 6 N0 P % HE (4R #% .LDL-C . TBIL.INR
FWBC(E 1),
24 REIAUE 5 5] AR 09 TR AL AL R4

BET FIRARNEAY 22 10 P BLAS % AR ROC il 2k W om

- b AT AE AP (PB4 <0.05) .
23 RARAEH TART KT AL L ACLE % & U5
MABEA o T F i

DL AR B R I AE AL T & ACLF (835 90 d J& 75
BAFET: AR (FET: =1, 447 =0) , ¥ 30 DA 40 A

EN &

®2 HEFATMETHBESIERNLE

24 AP (n=73) SET4 (n=80) AL P1E
PEA(5) 60(82.2%) 67(83.8%) 0.066 0.798
AR (%) 50.00(44.00,56.00) 54.50(46.00,64.00) -2.412 0.016
HDL-C(mmol/L) 0.31(0.16,0.48) 0.32(0.18,0.40) -0.610 0.542
LDL~C(mmol/L) 1.47(1.25,1.86) 1.32(0.93,1.51) -3.135 0.002
& (g/L) 29.80(26.67,32.51) 30.50(27.70,33.40) -0.961 0.337
AR 1 (/L) 42.45(34.00,63.60) 36.80(21.00,48.86) -2.134 0.033
M R i (U/L) 163.30(121.30,189.90) 167.65(118.60,215.20) -1.302 0.193
TBIL(pwmol/L) 280.30(210.40,402.30) 413.74(298.93,524.61) ~4.407 <0.001
ALT(U/L) 213.80(100.40,496.10) 207.10(85.25,686.10) -0.544 0.586
AST(U/L) 223.30(114.50,457.90) 274.45(123.05,661.55) -1.264 0.206
SRR (wmol/L) 203.60(159.10,250.93) 246.95(179.63,285.86) -2.418 0.016
JIEL G At (U/mLL) 3.24(2.40,3.54) 3.24(2.38,3.65) -0.263 0.793
Y- ARSI (U/L) 85.90(57.80,119.80) 79.60(55.50,136.70) -0.438 0.661
P RELE 5 8 H (mg/L) 11.98(10.00,13.80) 11.98(10.05,13.39) -0.601 0.548
PT(s) 18.90(17.50,21.60) 23.60(20.15,29.55) -5.368 <0.001
INR 1.69(1.56,1.91) 2.12(1.77,2.64) -5.213 <0.001
YR A5 (g/L) 1.27(0.94,1.62) 1.08(0.82,1.31) -1.984 0.047
AFP(ng/mL) 69.49(15.14,203.46) 26.98(13.99,101.56) -1.552 0.121
WBC(x10°/L) 5.46(3.28,7.19) 6.90(4.99,10.11) -3.567 <0.001
PLT(x10°/L) 79.00(42.00,107.00) 65.50(41.50,97.50) -1.359 0.174
LYM(x10%L) 0.83(0.56,1.16) 0.74(0.54,1.09) -0.888 0.375
C RO (x10°/1) 14.57(8.93,20.58) 19.01(10.63,21.78) -1.053 0.292
K*(mmol/L) 3.90(3.47,4.14) 3.87(3.49,4.34) -0.763 0.445
Na*(mmol/L) 134.80(132.52,138.04) 134.00(130.26,136.14) -2.398 0.016
PRZ A (mmol/L) 4.83(3.48,5.92) 5.82(3.95,9.26) -2.321 0.020
LT ( pumol/L) 74.00(63.00,89.00) 82.00(66.80,104.85) -2.104 0.035
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LightGBM 5 % T 24 fig fe A, AUC b 0.813[95% H-15 IX. [f]
(confidence interval , C1)=0.708~0.918], #E# & 5 0.769 , 7 4
FER0.765(583,1812) o RAERI (K] 3) Fpe sk i 2k 5347 (151 4)
S5 R, LightGBM AL AL A M RE K47 TRV AERE DL 5

R 3 ARENFEIERERIEEPRIEE
HEfh R R F1)

T AUC(95%CI) ¥ x K
Logistic 0.778(0.664~0.892)  0.738 0.647 0.839 0.72
SVM 0.768(0.652~0.884) 0.754 0.824 0.677 0.78
GBM 0.792(0.684~0.901) 0.738 0.588 0.903 0.70

Neural Network  0.777(0.662~0.892) 0.738 0.676 0.806 0.73
Random Forest  0.777(0.660~0.893) 0.754 0.676 0.839 0.74

XGBoost 0.805(0.699~0.910) 0.754 0.794 0.710 0.77
KNN 0.737(0.609~0.864) 0.769 0.765 0.774 0.78
AdaBoost 0.796(0.688~0.904) 0.754 0.588 0.935 0.71

LightGBM 0.813(0.708~0.918) 0.769 0.765 0.774 0.78
CatBoost 0.792(0.681~0.904) 0.754 0.794 0.710 0.77
=i

111 an -
111 1] o
s
0.75 =
0,50 HH

2] —Logistic (AUC=0.778,95%CI=0.664~0.892)
# L SVM (AUC=0.768.95%C1=0.652~0.884)
" — GBM (AUC=0.792,95%CI=0.684~0.901)
= NeuralNetwork (AUC=0.777.95%CI=0.662~0.892)
= RandomForest (AUC=0.777,95%CI=0.660~0.893)
— XGBoost (AUC=0.805,95%C1=0.699~0.910)
— KNN (AUC=0.737.95%C1=0.609~0.864)
— AdaBoost (AUC=0.796,95%CI=0.688~0.904)
— LightGBM (AUC=0.813,95%CI=0.708~0.918)
= CatBoost (AUC=0.792.95%Cl= 0.681~0.904)
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DI Re S, 8 TR I ACRE , [R) A i A0 5 A s 1)
PR HE b Ah, b ST Ao R A g0 A 98 4]
ACLF 85 iy# 58 & B, -1 \HE (INR J& B # Bils
ANEMERHE, X —2 R SRR —5. HAHE
TR MAY AR TBIL.INR 5 ACLF 5 % 1 )5 % 1)
FHOE o TBILAE A IR 2T 25 7 400 it N R 38 i) dp 28 7
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