BERERKZZFE 2025 £ 50 55 3 8 (Journal of Chongging Medical University 2025.Vol.50 No.3 ) — 389 —

BUEWESE  DOI:10.13406/).cnki.cyxh.003631

KLY IR REBL AN 2T I REAL B WD B A5 bk i sk
DR 7o 00 BF

Fa' T@E',e #4L,B AL R
(LERERREEA LTI A 2B , TR 40001652 T KB 2 5 S5 LR AR AL TAE S 20 P4 B TR 4013315
3 RERIREI RS — ER YR, FK 400016)

(3 E)BBRWTIFRE AL I F A B bkt ke i XURS: PR 3R, D 7 TR Y | LAASE Ay T 5 A8 R 2 S0 e okt
SRELHES BAYTE T T 3K BUPEGH A 2006 4F 12 A 28 2021 48 5 A 76 PR BRI 2 R B 6 A 1 70 59 1 113 (T RE AL A8
o a4 G IVRRAE T B 27 (recursive feature elimination, RFE ) Al 4 FhHLES 2% 3 J7 % 0 GErAE , 757 S FhAIL % 2% > T 5
T A58 5 A1 | BEAIL AR AR | S8 ] ML (support vector machine, SVM) | TR 56 B 1A% v 46 B 32 7 (eXtreme Gradient Boosting,
XGBoost)# Y, 1 i 221l 57 33 F TAERFAE (receiver operating characteristic , ROC) [ 28 A% AS [R5 7 8 PE BE |, I AR P8 6 B A A
RS TRL 53BT TEE A 5 2 O & B e ik b 0 JRURS: R 36 . SHAP ST T i 8 25 JRURS: [R1 38 X J8 8 B2 M . 45 3R - XGBoost AR AE
T ATBE A 5835 I D 7 Ik ot e g XU 1 e B £, ROC T T TR 0.872(95%C1=0.813~0.918) . SHAP [K1 5 , 521
JFHE £k 8 38 31 B 7 i Ik ot ke v XU, PR 2 A 45 1t /AR TR TR Bk A IR B L 1B 1 A PR I | LA 1 I R
VOB BB 1L T 5 P ) 0100975 S B 11 45 O T PR b o 538 - ST S8 A 2 4 X GBoost TN AR AR ELAT A5 vy 1) T AN , JFL 07 32 114 )
JRURS: PR 2% 6T 1 R By 3 JFF S A S8 2 A e A bkt sk B — 98 = 35

(SRR MWL 27 T 5 JPRE A 5 £ It ok s IXURS: PR 3R

[HES 2S5 ]R543.6 [X#ttREmE]A (75 B #5]2024-10-03

Risk prediction of early esophageal varices in patients with liver cirrhosis

based on interpretable machine learning
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Chongging Medical and Pharmaceutical College ;3. Department of Infection Diseases ,
The First Affiliated Hospital of Chongqing Medical University )
[ Abstract] Objective : To investigate the risk factors for esophageal varices in patients with liver cirrhosis, to establish a predictive
model, and to provide reasonable guidance for the prevention of early esophageal varices in patients with liver cirrhosis. Methods : A
retrospective analysis was performed for 1 113 patients with liver cirrhosis who attended the hospitals in Chongqing, China from Decem-
ber 2006 to May 2021. Recursive feature elimination(RFE) and four machine learning methods were used for the screening of features,
and five machine learning predictive models were established by logistic regression , random forest, support vector machine (SVM) , de-
cision tree, and eXtreme Gradient Boosting(XGBoost). The receiver operating characteristic(ROC) curve was used to evaluate the per-
formance of each model, and the model with the best performance was used to investigate the risk factors for esophageal varices in pa-
tients with liver cirrhosis. SHAP plots were used to explain the impact of each risk factor on patients. Results: The XGBoost model
showed the best performance in predicting the risk of esophageal varices in patients with liver cirrhosis, with an area under the ROC
curve of 0.872(95%C1=0.813-0.918 ). SHAP plots showed that platelet count, diameter of the portal vein, cholinesterase , albumin, ala-
nine aminotransferase , hemoglobin, prothrombin ratio, prothrombin time, and serum total protein were risk factors for esophageal vari-

ces in patients with liver cirrhosis. Conclusion : This study shows that the XGBoost predictive model has a relatively high predictive

value, and the risk factors obtained by this model have a certain
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guiding significance for the clinical prevention and treatment of
early esophageal varices in patients with liver cirrhosis.
[Key words ] machine learning; liver cirrhosis; esophageal varices;

risk factors



— 390 —

BERERKFZR 2025 £5 50 £5 3 #8 (Journal of Chongging Medical University 2025.Vol.50 No.3 )

JIFRE A — Rh A8 PR EAT P T,
FRIE S A A AL A F DR T B, Ak
R a oy e e A i B | i R i T i a B e 3PS
IR, TE A BRIE A, A Ak 6 2 2L R A T
JEE RS B T R R TR AL R R 2 i
M2 RIF KAE , Horh &8 w kit sk o2 —Fh i Il HAG
WS R O ACIE S IR AL AR 1 £ A R K ot TR 2 2R 1R
T 60%~80% , M BB K i 51T 28 H 1 T 25
MIFET % 15%~55%"", HHT, 4 ALk 8 35 A
IR IR PR 2R 8 T B AR T T B e i JLAE h RE AR T
BRI R0 AR, BRI, S T ARG B
BT IR ALY IF RORE , R AR R A Ak 8 o R I F
B T Dk i e g XU PR 2R D R o A £ A
ok sk i e A B R X

Bt R A R 2R, BILAR 27 2T 78 i i
PR FH R ) RO 3 ek R T S 1 TR A A
F AT, Bk R 22 L 88 27 > WSS AE PR AL O R B4
K i kA v I R AR IR SRR 2 5
A fefi Y B — AL % 2 > 580k FNA% 45 1) 4R IE 7 328 7
TRIRL T AT A PR T REA I B AR 1Y
S THE DL SR 1 52 2 S SR AR AR ) o
FZALBE I A BR o BLAb, MLAR 2% 2T S0k e A A 7Y
A 4R Sy PR RIS AR (1% PR S BIL ) XEE LA 4 L i
FIfiE e, A5 B 45 OB rp 4R JRURT M R A5 8 5 o TR
M. Lundberg SM 4514 13 3 T 18 7% 12 1Y SHapley
Additive exPlanations (SHAP) J5 ¥, #& it T 4 — 1) &
75 2l 20 1) A A 4 AE X AR i 0 BT RO/
38 o 4 7 A R A PSR AL, SHAP 3 5 1 X 452 78 13
235 SR 1 R4 B el A i PR R H v B ] 5 A b
TR . TEREAE T 6810 88 I 1 8w Dk i sk i
WFFE AT Bl = Xof A AR 114 figp R, S B e
DATENm IR A5 303k — 20 52 gk,

R, A BIF 5T 1 H Y2 T A AT AIE 14> A
AT DPAS R A R0 3 0T e 1 7 Ik oty ke 1) DU
2R o BB DL~ 09 & ', SCAF 1) & HL (support
vector machine, SVM) . i AL 7% Ak | # o A6 42 Tt
(eXtreme Gradient Boosting , XGBoost) 25 1 7 75 JiT- 455 AH 56
PRI T _E HRAS TR AR R AR T ax sk
WF 98 45 Ry A BIF 58 1 £ 455 B 1 A7 BT B8 4k OF &
) SR B AL 1 S B LAt N S IR AR A . PR

AFFENA T Z BT BRI PR SVM |
XGBoost 5 FiIL s~ ~J AU T HFAE AL S 0T A B4
Tk e K P BN AT T o e R T PR 25 A AL
o o W7 R T R RS i, LU BT H] 5 FhLAS
Bk LLSE IR LAAEWRSE I R BR- A . e A,
SHAP 75 35 % A1 58 35 I 2 8w bk ot i A DS
DR B — 2B il B, S THAILAR 7 TR A ek R N P
AR AT PR . W5 A BURE A B TR BOR ik HLA 0
PR TR, (2 2E 8 A, DAl PR R A 1 40
TR T I Z SRR T R R S

1 #ERETE

L1 —fE st

[mI M AR 2006 4F 12 A 22021455 AfEEKEE D K
B 6 LA RS S e AL B2, 31 113 41,
PAFRUE : DL FE R A2 Wb ik (ICD-10 4 fid ) 12 Wi
JEREAE s @A B Y B BeR AT e st . HEBRAR e : OARFF S I
I AARHEAT B — 454 s QI RE Ak B E 0012 &8 0 bk ik sk 1)
BT ) <1 ] 5 B 10 S AN S8 2 A7 A B S R S 3

WEER T & Rl R SR F A 80E, F 2540
FELLT 2 : O N O GEiF24 A8 i CAnAES 531 R s AR
oo TR ) s QSE g E A A AR i (AN 2 R I A 1l
IR R EG A LR A TRk N R ) s IF LT
SR (A B.CIMNER) . BHEAE P A RAAE AR B (R
AT 20% , FLAX I A8 HE B S 1o BEMLAR MR A T IR
12 %it#rk

{8 Ff| Python 3.9.12 FI R 4.3.3 52 A $cdls 94543 #r .
THEFORER T + ARofE 22 8 A8  THECRERHTI A
BRI SR SRR 5 H % 2 e F R T R
B LB AR 4 (K 36 /K 1 =0.05) o ASBIFSE L 822 11 Lo 4
BEHL T A IR RN o SR ] 4 R BLAS 27 > Sk 45 5
I HEAE 7 1 (recursive feature elimination, RFE ) 1 77 1 i &
T, LIS BB R RHE TR T B . 4 T i is 5|
e ARV R, WF 5 08 32 50 D 0E | P SR B AL AR AR L SVML
XGBoost 25 5 Bl HL 27 > B3k SR UE A7 H s A 45, 9T 18
I BEALIE R 0k SRR B SRS . BRI AR T
TR R A W3R FLE A Z 0 TAERRE (re-
ceiver operating characteristic, ROC) 1 €8 T R AL 5 50 . i
Jei it i SHAP J7 1242 i 4% FAE XGBoost H L H 14 14 31 P Al
ST IR, BT UM /R 4% i XA AR T30 ) R, (A
PTG . BAAEARIRZL WL 1,



BRERKZZR 2025 £5 50 55 3 3 (Journal of Chongging Medical University 2025.Vol.50 No.3 )

— 391 —

A AL BAHLERA
@ |JM||—>[MM mem..;
24 HIEHET

&

LB R ¢

MBI ESE L+ B AR

Gl TR }
AR i B 100
—— ‘Jé

Pabla <

e e M et o A R ) - »
:Pi" ] ?4;!\"’.’. =4 14 _ - 1
] 3, L. 1 i 1] T I; ‘f‘ﬂ_ H\jﬁ &,

2.1 BEHEAKIA

ARG A L 113 BIFRfL R R E R G RE
Ik R gk M sk AU &gk itk 4l 2
A1) 3 B SR FRAE FLAC N 3R 1 Tom . B kil ok e
55 Al £ Ikt o R S B AR S 43 300 R [(49.91 £ 10.77)
2 vs. (48.76 £ 10.06) % , 1=—1.756, P=0.079], H: kG (F=
14.152,P<0.001) N Z IR AW (F=3.476,P<0.001) . K
114 R R AL R B (1=2.418, P=0.016) . 7 F1 & 1 (1=
9.888,P<0.001) A Pt il fi& /i (1=—3.178, P=0.002) . AH ik T i

Al i EESHAPE

S th

(1=12.897,P<0.001) . 155 1 (1=10.549, P<0.001) . s 5K 11 (1=
5.964, P<0.001) . [ 40 B3 1% (1=5.129, P<0.001) | 1. 41 fg 11
£ (1=11.694,P<0.001) kA1 A 1145 (1=8.794, P<0.001) . Ifil
218 H (1=12.694, P<0.001) | Ifil/Mi T (1=11.725,P<0.001)
BE I R L AE (1=—8.550, P<0.001) . #E Il i B A (=
1.474, P<0.001) , £F 4 5 [ J7 (1=6.600, P<0.001) . % £k 4
U I35 WIS ] (1==3.760, P<0.001) | 1 A &5 43+ 1L 355 it ) i)
e fH (1=-3.165, P<0.001) . AT £F 4 b 45 ¥k (1=-7, 350, P<
0.001) I T# Ik N2 (1=—12.749, P<0.001) . Z BT 4 55 15 4%
DL (HBeAb, F=12.845, P<0.001) | i 1 £k 3T 43 (Child-
Pugh 44 , F=35.137, P<0.001) 76 £ & i ik il sk 20 Al & 4%

FRbK It 5K 4 2 18] 19 22 5 BA e 247

F1 AEHKiKAMERE MK ABEERHELR (x £5;0,%)

SR TEF KM K2 (n=699) eIk (n=414) P1E Pl
AR (%) 49.91 +10.77 48.76 + 10.06 -1.756 0.079
P51 0.595 0.440
5 513(73.39) 295(71.26)
© 186(26.61) 119(28.74)
A 0.621 0.431
= 292(41.77) 163(39.37)
o 407(58.23) 251(60.63)
el 14.152 <0.001
= 270(38.63) 114(27.54)
i 429(61.37) 300(72.46)
5EE LI 0.054 0.817
= 17(2.43) 11(2.66)
i 682(97.57) 403(97.34)
f=I0ES 0.793 0.373
= 52(7.44) 37(8.94)
o 647(92.56) 377(91.06)
BEBRI 2.623 0.105
IS 92(13.16) 41(9.90)




— 392 — BERERKFZR 2025 £5 50 £5 3 #8 (Journal of Chongging Medical University 2025.Vol.50 No.3 )
gkl
LR BRI 5K (n=699) A B H KBk 4 (n=414) ! P1H
w 607(86.84) 373(90.10)
AR AR B (U/L) 95.69 + 237.88 155.31 £297.12 3.476 <0.001
RITEHRAFELA M (U/L) 100.52 = 209.12 139.08 + 281.83 2.418 0.016
Y- AR I AL il (U/L) 97.95 + 130.74 94.58 + 148.04 -0.395 0.693
BEHENLE (wmol/L) 39.52 +57.49 38.81 + 64.03 -0.191 0.849
HIf F1 2 1 (mg/L) 117.48 + 68.99 166.64 + 86.63 9.844 <0.001
SUB R (wmol/L) 42.16 + 59.29 35.08 + 57.06 -1.951 0.051
R PERER A (U/L) 125.19 + 77.90 112.61 +53.78 -3.178 0.002
JIELT g A (kU/L) 4.09 +2.09 6.09 +2.70 12.892 <0.001
HAEH (gL) 36.67 +7.36 41.27 +6.85 10.549 <0.001
BHEH (L) 71.45+9.78 74.78 + 8.51 5.964 <0.001
1A $(x10°/1) 4.50+2.35 5.22+2.06 5.129 <0.001
LLAA A (x10"/L) 3.95+0.84 452+0.75 11.594 <0.001
IR EL AR (< 10°/1) 1.08 £ 0.65 1.49 +0.89 8.794 <0.001
ME£TEE A (/L) 119.47 +29.41 139.04 + 21.70 12.694 <0.001
/MR (x10°/L) 79.52 + 50.43 121.91 + 62.50 11.725 <0.001
BEMLET R (s) 18.66 + 2.69 19.31 +8.72 1.474 0.141
B 1L i LU A 1.27 +0.25 1.15+0.21 -8.550 <0.001
T I P i o ] () 16.76 + 3.33 15.16 +2.86 -8.437 <0.001
PR 5 (g/L) 2.26+0.82 2.62 +0.92 6.600 <0.001
T AR 23 B8 1L 3% RS 1] () 41.59 +6.98 40.03 +6.19 -3.760 <0.001
T AR 3 58 M 3% A i) LE A 1.28 +0.22 1.23+0.19 -3.615 <0.001
T AEfb AR %L 8.10 £7.23 5.10+6.16 ~7.350 <0.001
APRIFTAS 3.43 +6.30 3.14 + 8.60 -0.630 0.529
I TER KN A2 (mm) 1.35+0.31 1.15+0.22 -12.749 <.001
HBsAg 0.532 0.466
PR 673(96.28) 402(97.10)
503 26(3.72) 12(2.90)
HBeAg 1.560 0.212
PR 177(25.32) 119(28.74)
[ 3 522(74.68) 295(71.26)
HBcAb 12.845 <0.001
FEE 195(27.90) 76(18.36)
31 504(72.10) 338(81.64)
HBsAD 0.295 0.587
PR 64(9.16) 42(10.14)
31 635(90.84) 372(89.86)
HBeAb 0.555 0.456
FHE 208(29.76) 132(31.88)
31 491(70.24) 282(68.12)
Child-pugh /3% 35.137 <0.001
AL 385(55.08) 302(72.95)
B4 244(34.91) 87(21.01)
(0573 70(10.01) 25(6.04)




BRERKZZR 2025 £5 50 55 3 3 (Journal of Chongging Medical University 2025.Vol.50 No.3 )

— 393 —

22 WIELFiHik

Xof bL 2 20 R A TR AR IE R, R R B Bt L
WAMER Z . 8 T WEIREEREA RIXFE R F I A’
B K I 5 i S5 B . P ARRIE  ARBIF ST A T T RRIERERE .
Tk G BEER AR i AN R] E 40 22 RN ), ASBIF ST ) 34 S AL AR
S HEAT AR E AL AL B, X B O AR AT T S AS . SR RFE
S50 4 FLER 2 2 Y A AT R R DT HEA T T4 38 XL
WE. BEE AR RRIEECR BN, RFE 25 4 4 Fh L7 ) # 7
PIUERA A AL AN I 2 BT o (&1 2A FE] 2B SR WY RRIE U=
TKF] 20 BF, RFE+SVM I RFE-+ AL 2R MO TR B 7 1 2R 54 31
B 5 B 2C RFRERCR IR ] 17 0, RFE+2 55 [B] 3 A8 11
T 3 i 5 B 2D 3R B R IE 40 15 31 35 A, RFE+XGBoost
PRI R e . B 3A R T 4 Fh 5 I 0 e R ik 1 e L7
S G AL S 1 e X ST SR M &2 Svi e 0L S 1 = X 1]
SRR M/ MRTTE TR AR IR R | 1V A N
R | I LD R ot it D s ) T R
23 FRMAEA S 5 e

V07 R R 0 M 2T 1 L il AR BT TR R AR I
TR TG 1 2L A D B e L RE DS L (L 95 1 6 D [
LT B 1155 O N RRIE AR N A 5 FBIL 2 27 > B HEA T

0.824
0.80 4

& 0.761
& 0741 |
o 0.724
0.70

0.68 1

0 5 10 15 20 25 30 35
IR ( RFE+SVM)
A. RFE+SVMIfiiE A9 B AR Ar #ic i

0.82
0.80 4
0.78 1
e
& 0.767
& 074
=
i 0.72 4

0.70

0.68 |

0 5 0 15 20 25 30 35
TR ( RFE+ZH 1)
C. RFE+32 5 [a] - 5 2 i e D0 R S

22 SURHIE ST

gk, fE it AL 2R 0 T SRR S 8, ([T S 1538
SCSTE PSRRI B TR B, LA BRI A e AR R . an
3B 7R, XGBoost B A AL i) 3% B WA 8 AL T Hi At 4 A58 8
ROC Hi 28 F m A0 0.872 (95%C1=0.813~0.918) , i i K g
0.803, FE5 M4 0.631, A W24 0.906, F1 {4 0.851, FlAL
FRAK 22 5 0] U9 A0 SVM A ) ROC 16 T i FHX (area under
curve, AUC)¥J>0.8. 5FhHLA% 24 2 BRI 7E MR 4R | if HLR
T2,
2.4 SHAP #4845

S T SR LA B Y A R (] SHAP Jy ik B R
it XGBoost 5B P ACRRIE ) B EFR B . K 4A B TR
57 4 445 % SHAP (ELHEIF 19 9 AN AU P 2, AR U= /N
L TR EN i N R S I N B RS I
O A0 T L R O T DT (R R A B . BT 4B R T
P S EON RS (e By A =8 i E QI Al PN N
v RS KU PR A, x il s XU PR 28 5% A £ A8 e Dk
sk g sZm 252 B /IR T BOKSTEREAR T T Rk N AR 3
K HGRERTE AP BAR | H A H AL 218 KRR A %
AT B8 Il LA P o it D s ) i 3 5 2 1
TR v 5 25 18 n A T Ak s 2 01 0F £ A0 vk it
YIRS o

0.851

0.804

¢ 0.751
Ay

K

= 0.70-

> 065] |

% 06
0601 1

0.551

0 5 10 15 20 25 30 35
FEIE SR ( REE+RHLARRL )

B. RFE+ L 2R bR i i A1 St

0.850 1 i
0.825 1
0.800
0.7751
0.750 1
0.725 1
0.7001
0.675

0 5 10 15 20 25 30 35
FRAF R ( RFE+HBEEAR TR )
D. RFE-+46 FEAR T 77 1 19 S O 45 A i

El2 RFEZ&4 MHBRFIMEITZXEIE



— 394 —

BRERKZZR 2025 £5 50 55 3 3 (Journal of Chongging Medical University 2025.Vol.50 No.3 )

B RFE+SVM

5 RFE+HHLERH

B RFE+2 i o] 1]
RFE+H sty 4 T

A. RFEZS 4RIl =7 ] i ARk 22 42

— FIHLEEAR(AUC=0.870)
— WE ] H(AUC=0.827)

0.2 — P RI(AUC=0.795)
— SUM(AUC=0.867)
; ——wwh&ﬁﬂmMmqmm
0.0 K- =t
: %],n 0.2 0.4 0.6 0.8 1.0
1-FR5e

B. SRl A BERAENAAE EATROCHRZE

B3 HHEFIEZ EMNIKE R EREIE

®2 SMUBMFIERENRE LR

T A RS LR Al F1 AUC(95%CI)
FEHLARAR 0.803 0.667 0.885 0.848 0.866(0.819~0.907)
ZigmIH 0.762 0.631 0.842 0.815 0.827(0.773~0.873)
) 0.753 0.631 0.827 0.807 0.795(0.738~0.864)
SVM 0.785 0.667 0.856 0.832 0.867(0.817~0.906)
b B2 HE TR 0.803 0.631 0.906 0.851 0.872(0.813~0.918)
=1
Iz N i3
T A I Tk
IR kT 7 HEVBGE T
HEN H&EH
R E G i .
AR ] MmeTEA
LR TG i 5 D5 EE A
O L ] 4 oL 5 )
L3 R M3 S "
000 005 010 015 050 025 06 -04 -02 00 02 04 06 :
HH( | shapfiL | ) SHAPfiL
A. SHAP TE 1A B. SHAP I #£ ]
B4 TWIf#RE SHAPE
41 Dong TS S5k 5 238 il - £k 55 A A1 IR A5 B,
3 3t it FHBEHLARMBE TR T EVendo 743 EVendo i

ARBFGE B LR AR AL 8 3 R T & 2
Jik it 5K B4 JRURS: P 3 i RFE 7 e R A8 i, IR
LR S BUNALAL, 254 SHAP I ki &
7 P P IR O XU R 3% A M X o v, 2B 4R
E TR R g R . BT A — 2 T R4 A
bR I R B Dk ke 1 RS DR 5 . 6

53 TR R A 28 25 01 g e ikttt 5k i) AUC
fH°40.820, Yan YJ 200 A %S 04855 T 218
15171 330 151 JH- s A 28 25, ) R R AiE D7 v SR 1R
JHE A e R B A bkt gk . R T IRMRRRAE
A AU TE N R g e £ I A AUCE 235128 0.732 F1
0.782, AHXTF Z B MAFST , AT AEFEA i FEAE
TEPR Y 5 BRI AT A R - B — e



BERERKFZR 2025 £5 50 £5 3 #5 (Journal of Chongging Medical University 2025.Vol.50 No.3 )

— 395 —

AR —FEA 1 113 G AT A s 2 A T 3
VR L 2 e 5 R R 5 I 46 S ) ] R
FEFRAE S B 5 T, REE AN 75 ZEXHRRAE 5 20 A7 i 42
ATRSE , BBk A B 780 1) A2 P D AR 00 ) KL
K. BRI, BFFE R T RFE 454 4 FhHLES % > 7
5, R FH e 2 B 1) 28 ok Sl ST W A A e gl
STHY 5 R HL A SRR B XGBoost B Y 4 1 fiE
fE, AUC 2 0.872, 7F B R fift B& 14 O 18, R B9
SHAP &G FI| T8 i L 2% 2 2 #E8 f) m] fg Rde
SHAP {E 4% 5 9 T Ak 025 91 & &4 0 ik th
5 A IXURS: PRI 28 40 5 L /NS 40 1] bk PR A L IR B
[N SR S AL = N A g = 3111 3 A
(B | J6E I i D5 R0 R385 A 1 7R A B XU TR
o, LN BRI T f) 5T R A K, AT fiE
7 LN O R b 2B O & B iR ki Bk
WL 52 . H A E A AR FT R SRR 2 W /)
MR B30k /0 £ 458 R Ak 2 5 1 e ik ot s
B4 JRUIGE A BEAS R 235 Sy, JHF A Ak B 3 v A 1D bk
PR 1T bk oo ERE AR 56 , T T ok o e 3
TR IR A 0 BB R N, AR AT AR R T
128 1 R s A £ O & A Wkl sk Y
M), 5 A0 G A T 7% 245 SR — 38050, REUmk K e — b 1
A AR AL A= W bR AR P AR ST (8 B i il T AR
Sk B U0 JHE 9 14 T TS A R A B g 45 R
SHAP [ 35 I JIEL B 15 7 JFF 0 Ak 1B 3 0T & 1 e ik
il 5k A4 AU R 2R R HESES 30, # s T IR e
fit A5 SR A Sl R Ak RR A O 1S W bk b 5K )
8RS I S N N 1 S e el b RARG = N = R = I
L 6 D5 AL i it D ) 5 6 A B 3 O e B
Ikl I %) DRI 28 D AH O, 5 808 S RVAE 1 A 9 245
R b TR AR AR AN T,
IR PN A A s e U B = R 1 A ) W A
FLIMLAE o J6E I 5 L 0 0 68 1 D5 P [ 2 52 ke
4 B A4 4 s, 26 1T i L 1388 R 0 2 . i
JERC ST J6) Z2E K #4829 IR 95 i IR 1) 4 B B PR A . [N
B, IL£T 2R F R A 2R A KT 551G 956 i 7 5 L A A
P ) 2 1 i PR FB 3 2 A 1 7 e ik b i %) JRUG:
R0 7 G 2 ) e A PR A 8 A A Il R AR AR Ak
AT 5T [l 2% 0 Ak £ 35 R0 O £ A e bk e
5K A G AU PR HEA T 40 BT M T 5 AL 28 2% 2

AR Xt PN A8 T R0 T B B R K o 5K e £
BERIHEAT T BEVE 0 A o R AT R BEAL A o )
AR Xk T ) JE AT N v S 00 A e ok e i
191 A K Al 3 e G I A A O > 99 DR R LA
B HATHO e A e — s /R . B, A
BIFFEIE 10 [ B BF 5, AT AS v b S M A 7 —
A i ey o A, ARBIFSE 180 A X P A S ) 00 A6 8 i
Fr AN , IX AR 132 AL RE TSR A AE AT
FEME IR HE— 2L BRI . AR A ST Rl
AEEI AN IR G 4R  LARE— AR

£ LTIk , XGBoost 15 B M JHT-Af A £ 5 17 40
I K B AE K SR AL RE R AN, #7181 A S A XU
PRUER, Al JH S e 8 B B0 0 A Ak o 6 11 1 R e
R SE

& % x #

[1] Gines P, Krag A, Abraldes JG, et al. Liver cirrhosis[J]. Lancet,
2021,398(10308) : 1359-1376.

[2] Huang DQ, Terrault NA, Tacke F, et al. Global epidemiology of
cirrhosis—aetiology, trends and predictions[J]. Nat Rev Gastroenterol
Hepatol ,2023,20(6) : 388-398..

[3] Huang DQ, Mathurin P, Cortez—Pinto H, et al. Global epidemiol-
ogy of alcohol-associated cirrhosis and HCC: trends, projections and
risk factors[J]. Nat Rev Gastroenterol Hepatol ,2023,20(1) :37-49.

[4] Tapper EB, Parikh ND. Diagnosis and management of cirrhosis
and its complications :a review[J]. JAMA,2023,329(18) : 1589-1602.
[5] Garcia—Tsao G, Abraldes JG, Berzigotti A, et al. Portal hyperten-
sive bleeding in cirrhosis: risk stratification, diagnosis, and manage-
ment: 2016 practice guidance by the American Association for the study
of liver diseases[J]. Hepatology,2017,65(1):310-335.

[6] Rigo GP, Merighi A, Chahin NJ, et al. A prospective study of the
ability of three endoscopic classifications to predict hemorrhage from
esophageal varices[J]. Gastrointest Endosc, 1992,38(4) :425-429.

[7] Garbuzenko DV, Arefyev NO. Primary prevention of bleeding from
esophageal varices in patients with liver cirrhosis : an update and review
of the literature[J]. ] Evid Based Med,2020,13(4):313-324.

[8] Marasco G,Dajti E, Ravaioli F, et al. Spleen stiffness measurement
for assessing the response to B—blockers therapy for high-risk esopha-
geal varices patients[J]. Hepatol Int,2020, 14(5) : 850-857.

(9] ZEAAAR, Sh3A , e . HLas 2 2T A PRT LN 0 TS o i
ML A SE,2024,41(2) :316-318.

Cai RX,Ma YN, Wen DL. Application of machine learning in prediction
of nonalcoholic fatty liver disease[J]. Chin J Health Stat, 2024 ,41(2) :
316-318.

[10] B RV, A0, HOor , 45 . N A8 REE S s R 19 ol 45



— 396 —

BERERKFZR 2025 £5 50 £5 3 #8 (Journal of Chongging Medical University 2025.Vol.50 No.3 )

A R T HE (D). SEHIBR 274k, 2024, 40(3) : 289-294.

Huang LJ, Mao DW, Zheng JH, et al. Application progress of artificial
intelligence in risk prediction model of hepatic encephalopathy[J]. J
Pract Med,2024,40(3) :289-294..

[11] Le Berre C,Sandborn W], Aridhi S, et al. Application of artificial
intelligence to gastroenterology and hepatology[J]. Gastroenterology,
2020, 158(1):76-94.

[12] Agarwal S, Sharma S, Kumar M, et al. Development of a machine
learning model to predict bleed in esophageal varices in compensated
advanced chronic liver disease: a proof of concept[J]. J Gastroenterol
Hepatol ,2021,36(10) :2935-2942.

[13] Bayani A, Hosseini A, Asadi F, et al. Identifying predictors of
varices grading in patients with cirrhosis using ensemble learning[J].
Clin Chem Lab Med,2022,60(12):1938-1945.

[14] AR, 25, A WER . JE LS ) CTRARLLF R R &
LY 27 R A AR 28 T o e ot RIS £ 7 bk st 5 (). #0 [ CT I MRT
J4i,2023,21(6) :93-96.

Lin ZH,Li XM, Quan XY. Predicting high bleeding risk esophageal vari-
ces based on machine learning CT imaging features combined with a se-
rological profile model[J]. Chinese Journal of CT and MRI,2023,21(6):
93-96.

[15] Malik S, Tenorio BG, Moond V, et al. Systematic review of ma-
chine learning models in predicting the risk of bleed/grade of esopha-
geal varices in patients with liver cirrhosis: a comprehensive method-
ological analysis[J]. ] Gastroenterol Hepatol , 2024 .

[16] Lundberg SM, Erion G, Chen H, et al. From local explanations to
global understanding with explainable Al for trees[J]. Nat Mach Intell,
2020,2(1):56-67.

[17] Simsek C, Tekin E, Sahin H, et al. Artificial intelligence to pre-
dict esophageal varices in patients with cirrhosis[J]. Acibadem Univ Sa-
elik Bilimleri Dergisi, 2021, 12(3) :625-629.

[18] Abd El-Salam SM, Ezz MM, Hashem S, et al. Performance of ma-
chine learning approaches on prediction of esophageal varices for Egyp-
tian chronic hepatitis C patients|J]. Inform Med Unlocked, 2019, 17:
100267 .

[191 E A, 230K, AR . BT A AR BB N 2644 G 4
TEBFFATIEL. H R BRI A2, 2023, 48(12) : 1393-1400.

Wang W, Li W], Li JC. Prevention and control strategy for network in-
fectious disease spreading based on social information diffusion[J]. J
Chongqing Med Univ,2023,48(12) : 1393-1400.

[20] Sato M, Morimoto K, Kajihara S, et al. Machine-learning ap-
proach for the development of a novel predictive model for the diagnosis
of hepatocellular carcinomalJ]. Sci Rep,2019,9(1):7704.

[21] Wang J, Wang ZQ, Chen MK, et al. An interpretable artificial in-
telligence system for detecting risk factors of gastroesophageal variceal
bleeding[J]. NPJ Digit Med,2022,5(1):183.

[22] Wu CC,Yeh WC, Hsu WD, et al. Prediction of fatty liver disease
using machine learning algorithms[J]. Comput Methods Programs

Biomed,2019,170:23-29.

[23] Dong TS, Kalani A, Aby ES, et al. Machine learning—based devel-
opment and validation of a scoring system for screening high—risk
esophageal varices[J]. Clin Gastroenterol Hepatol, 2019, 17(9) : 1894—
1901. el.
[24]  Yan YJ,Li Y,Fan CL,et al. A novel machine learning—based ra-
diomic model for diagnosing high bleeding risk esophageal varices in cir-
rhotic patients[J]. Hepatol Int,2022,16(2):423-432.
[25] F i, 0K, B R TR BT W 4% 1 Geife
BRI, E KB R R 241, 2023, 48(12) : 1393-1400.
Wang W, Li W, Li JC. Prevention and control strategy fornetwork infec-
tious disease spreading based on socialinformation diffusionU]. JChong-
ging Med Univ,2023,48(12) :1393-1400.
[26] RMC, B LD AP M/ MRS RERY AT SE(T). TR EE A}
KE541,2000,25(2) : 186-187,193.
Zhang JW, Duan H. Study on the platelet functions in patients with liver
cirrhosis[J]. J Chongqing Med Univ,2000,25(2) : 186187, 193.
[27]  Schepis I, Camma C, Niceforo D, et al. Which patients with cir-
rhosis should undergo endoscopic screening for esophageal varices de-
tection?[J]. Hepatology,2001,33(2) :333-338.
[28] Zaman A,Becker T, Lapidus J, et al. Risk factors for the presence
of varices in cirrhotic patients without a history of variceal hemorrhage
[J]. Arch Intern Med,2001,161(21):2564-2570.
[29] Wang CY,Huang YF,Liu CC, et al. Diagnosis of clinically signifi-
cant portal hypertension using CT- and MRI-based vascular model[J].
Radiology,2023,307(2) :€221648.
(301 #A&FEER,ZE V. W Al R 3R i HBP, ALT  AST,
WBC.NEU . PLT % 1k 15 84 K il Jei i AH G PR (D). o PR B Bk R 227
#2,2024,49(10) : 1119-1124.
Yang SXY, Li T. Correlation of HBP, ALT, AST, WBC, NEU, and PLT
Expression in Circulating Blood with Infection and Prognosis in Patients
with Intracerebral Hemorrhage[J]. J Chongging Med Univ, 2024, 49
(10):1119-1124.
(B1] % W, Bk . e A LT GRS e e A = (). E R
BERIR 24241k, 2001,26(2) : 199-200.
Luo Y, Huang W]. Measurement of serum cholinesterase in patients
with hepatopathy[J]. J Chongqing Med Univ,2001,26(2) : 199-200.
[32] Ramachandran J, Sajith KG, Priya S, et al. Serum cholinesterase
is an excellent biomarker of liver cirrhosis[J]. Trop Gastroenterol, 2014,
35(2):15-20.
[33] AR, BEEBEH, A= 1L, 45 AT (b £ ik i e 24 s 16 7
fa s R M. PR 2higin A, 2024,45(10) : 1050-1053.
Zheng WF, Yin LL, Li SL, et al. Analysis of risk factors for esophageal
variceal bleeding in patients with liver cirrhosis[J]. Journal of Medical
Forum,2024,45, (10) : 1050-1053.

(et Al —F)
ALF AKX
Fale, ERE L, F AT THRENE F T IR T AR
kot SRR TR BF 22 [J]. K EAHR 4 4 41,2025,50(3) :389-396.



