2226 = FEE KR ,2021,43(20) http ://aammt. tmmu. edu. cn

DOI: 10. 16016/j. 1000-5404. 202104100

FHEL 1 B & M0 E AR IR K AT 2 BT AR BB 50 R 3R IE

BFH L EER LA, E &L E R RIA 400016 TP, TP EE RN P (E AR 5400038
TP, B R R (G S HE ) SR HEE R

(=] HY  GHEArE e fE B & 0405 18 i % (spontaneous bacterial peritonitis, SBP ) 5 ]
R, 7 AL B SBP A2y, Jjid WORE R A (B PIK =HIBERE 2015 4E 7 H % 2019 4F 12 i
WAL 7 461 5, AR I8 s 34 e A 1] 2 75 8 A= SBP 43y SBP 4.(1 173 f5i]) F1dE SBP 41 (6 288 i) .
BEHLAIIR A BE 70% (3 776 1)) & AR 2R 4R, T4 30% (1 619 49]) 4F g N ARSI 5, B Bié iR &
(2 066 i) V5 Ry HMERIIELE o 83 PR R /3 A7 Al Logistic [0 943 M i e A8 &, 3257, Logistic [7] 19 | B HLAR
RSB  XGBoost FIfiAL Logistic [IJARRL, 75 A FRER UE A M RIEH , LB 50 A R0 A 1 £
SBP (2B &R Hldwss ) AR R e pR R U (OR=5.354,95%CI : 3.770-7.803) , #f L4
M E 7 (OR=0.951,95%CI; 0.939-0.962)  BJIHZLZ (OR=1.003,95%CI; 1.002-1.004) .C J W &
HEGFHE (OR=1.626,95%CI . 1.310-2.017) \[HErtniElL HLAE(OR=1.346,95%CI. 1.091-1.681) |
BIEEHE(OR=0.990,95%CI . 0.987-0.993) \Z K AT R B PE ) ( model for end stage liver disease,
MELD) (OR=1.038,95%CI; 1.015-1.063) N @ Z MK ZE , 4k Logistic NEIRUEART AUC 2 0. 860, R
HEE 0. 872, K5 5 E 0. 719 SRR SR E R AUC 2y 0. 8185 RELE N 0. 662, K¢ 55 FE 0 0. 812, £4f delong
test KAk Logistic [AIABERIFI AR AUC 22 F G4 Lo 85 S FHLas = Bk g
FRTE AL 5 51 SBP XU T AR AL HAT 45 i W 12 W (L, P Ak Logistic 1145 HL Y12 S5 RETE P4 &8
SRS gUE T Y R B R A, T O im Ri2 K SBP 244t 2%

[R$EiIR ] JFREAL; B R PEANR PRI ; HLas 2 > 2 Wi Al

[HEESZES] RI195.4; R572.2; R575.2 [ XEkAREAS] A

Establishment and verification of a diagnostic model of liver cirrhosis with

spontaneous bacterial peritonitis

XIANG Shoushu', TAN Juntao', WEN Yuanjiu>, TAN Chao', GONG Jun', ZHAO Wenlong' 'School of Medical
Information, Chongqing Medical University, Chongging, 400016; *Department of General Medicine, Army Medical
University ( Third Military Medical University) , Chongging, 400038, China

[ Abstract | Objective To screen the influencing factors of liver cirrhosis with spontaneous bacterial
peritonitis (SBP) so as to establish and verify a diagnostic model of cirrhosis with SBP. Methods A total of
7 461 patients with liver cirrhosis were collected from 2 Grade-A hospitals in Chongqing ( Hospital A and B)
between July 2015 and December 2019. According to the occurrence of SBP during hospitalization, they were
divided into SBP (n=1 173) and non-SBP (n=6 288) groups. A total of 3 776 patients (70% ) from
Hospital A were randomly selected as the training set, while the remaining 1 619 patients (30%) and the
2 066 patients from hospital B were subjected as the internal and external validation sets respectively.
Univariate and logistic analyses were used to screen variables, and logistic regression, random forest ( RF) ,

decision tree (DT ) and XGBoost models were subsequently established using the training set. Then, the
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optimized logistic regression model was built on the basis of the above 4 models. Finally, the 5 models were
applied in the internal and external verification sets for evaluating and comparing the diagnostic value of
different models for cirrhosis with SBP. Results The machine learning algorithm suggested that the 7
common influencing factors with significance in all models were as follows; decompensation stage ( OR =
5.354, 95%CI. 3. 770-7. 803 ), lymphocyte percentage ( OR=0.951, 95% CI. 0. 939-0. 962 ), total
bilirubin (OR=1.003, 95%CI . 1.002-1.004) , abnormal C-reactive protein (OR=1. 626, 95%CI. 1.310-
2.017) , international normalized ratio (OR=1. 346, 95%CI. 1.091-1. 681), prealbumin ( OR=0. 990,
95%CI . 0.987-0.993) and model for end stage liver disease (MELD) score (OR=1.038, 95%CI. 1.015-
1.063). The AUC of the internal verification of the optimized logistic model was 0. 860, with a sensitivity of
0. 872 and a specificity of 0. 719; while the corresponding values of the external verification were 0. 818,
0. 662 and 0. 812, respectively. Delong test showed that there was no statistical difference in AUC between the
optimized logistic regression model and the other models with favorable performance. Conclusion The risk
prediction models established by machine learning algorithm for liver cirrhosis complicated with SBP have high

diagnostic value. Among them, the optimized logistic regression model has performed well in both internal and

external verification, and is able to provide reference for clinical diagnosis of SBP.
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L 4k SBP 4 (n=3 180) SBP 4 (n=596) X2 P
PERI(5) 2 024(63.64) 443(74.32) 25.283 <0.001
g I 484(15.22) 61(10.23) 10. 100 0. 001
W PR 599(18.83) 101(16.94) 1.187 0.276
TP i 158( 4.96) 86(14.42) 74.330 <0.001
I ARIE H I 774(24.33) 123(20.63) 3.798 0.051
PRV 2 078(65.34) 556(93.28) 185.763 <0.001
I 1 588(49.93) 380(63.75) 38.422 <0.001
Tk T 514(16.16) 146(24. 49) 24.165 <0.001
JiERa i 518(16.28) 46( 7.72) 29.022 <0.001
s 181( 5.69) 25( 4.19) 2.181 0. 140
B & Gk 269( 8.45) 38( 6.375) 2.916 0.088
% A 1 369(43.05) 314(52.68) 18. 858 <0.001
el 1361(42.79) 310(52.01) 17.276 <0.001
C N AR A5 5 1011(31.79) 340(57.04) 139. 321 <0.001
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2k SBP LHFndE SBP HE BT E LB [M(Qy5,055) 1255 ]

¥e k% 4 SBP 41 (n=3 180) SBP 4 (n=596) A P
WRISHTAE S % 53.00(46.00,63.00) 52.00(45.00,61.00) -3.100 0. 002
fE B K%/ d 10. 00( 6. 00,15.00) 15.00(9.00,22.75) -12.256 <0.001
Hr PRI T 43 (%) 65.80(56.50,74.21) 73.66(65.90,81. 60) -14.142 <0.001
rh R A A 24 X %/ 10° - L7 2.69(1.83,4.08) 3.94(2.61,6.41) -12.732 <0. 001
SEH LT 41 H 1 2176 1 5/ pg 30.70(28. 40,32. 50) 31.80(29. 40,33. 80) -7.211 <0.001
ST S LT B e - L 335.00(323. 00,345. 00) 344.00(330. 00,356. 00) -11.025 <0.001
W EL A 4 L (%) 23.20(16.32,31.30) 15.71(10.50,21.78) -15.809 <0.001
WE g 10° - L7 0.98(0.65,1.43) 0.83(0.55,1.25) -5.588 <0.001
FanfEit 5 10° - L 4.37(3.16,6.07) 5.45(3.83,8.38) -9. 466 <0.001
Y% 10° - L 3.75(3.13,4.32) 3.41(2.83,3.97) -8.098 <0.001
/M4 10° - L7 84.00(54.00,141.00) 75.00(48.00,120. 00) -3.622 <0. 001
% /mmol - L7 2.15(2.03,2.27) 2.05(1.96,2.16) -11.888 <0. 001
#/mmol - L™ 0.80(0.73,0.86) 0.78(0.71,0.86) -3.005 0.003
#/mmol - L7! 139.00( 136. 00,141. 40) 138.40( 135.53,141.00) -2.812 0. 005
SHLT 2/ pmol + L7 24.00( 14.70,48.00) 73.10(27.28,236. 13) -17.736 <0.001
SR/ pmol - L7 26.40(9.43,69.18) 76.45(25.18,164. 80) -14. 682 <0.001
JR 2 /mmol - L7 5.12(4.02,6.71) 5.60(3.99,7.99) -3.907 <0.001
FRER/ wmol - L7 288. 85(222. 40,369. 48) 253.10(169. 73,367.95) -5.782 <0.001
PR R EG/TU - L7 114. 00( 82. 00,166. 00) 125.00(91.25,170.75) -2.978 0.003
MEEE/mg - L™ 102.00( 64. 00,154.00) 52.50(36.00,81.00) -20.456 <0.001
{56 1L il i ST 1)/ 15.50( 14.00,17.70) 19.40( 16. 60,23. 88) -21.308 <0.001
EEl N A A 1.24(1.08,1.46) 1.64(1.35,2.11) -21.389 <0. 001
MELD 9.64(6.52,13.80) 17.53(11.26,24.03) -19.95 <0.001
LT A AR/ (L 91. 10(85.70,96. 00) 91.70(85.13,98.15) -1.944 0. 052
MBI E/g - L 104.00( 85.00,125.00) 105. 00( 84. 00,122.00) -0.953 0.341
#/mmol - L7 3.90(3.60,4.20) 3.88(3.56,4.28) -0.322 0.748
H&EH/g - L 31.50(28.33,35.80) 31.35(28.10,35.30) -1.22 0.223
WA/ wmol - L7 66.80(54.90,82. 88) 69.00(55.03,88.93) -1.922 0.055
v BE S R /U - L7 59.50(29.00,146.00) 62.00(33.00,117.75) -0.158 0.875
MEH/g - LT 68.30+9. 83 62.55+9. 10 416.73 <0.001
®3 ZEE Logistic [{)FRA R
bR B SE OR(95%CI) P
RPN 0. 020 0. 004 1.020(1.012-1.029) <0.001
PRV 1.702 0.196 5.485(3.780-8.156) <0.001
ZIF 0.271 0.135 1.312(1.008-1.713) 0. 045
CRREHRGERH 0.433 0.114 1.541(1.232-1.927) <0.001
YA LT AN A 2T K A v 0. 008 0.003 1.008(1.002-1.014) 0. 008
R EL A E A3 L -0. 061 0.011 0.941(0.922-0.961) <0. 001
T ECL 4 2 0.618 0.265 1.854(1.118-3.158) 0.020
SE ]S -0.312 0. 156 0.732(0.529-0.971) 0. 046
MEEA -0.010 0. 002 0.990(0.987-0.993) <0. 001
[ Brpr ALt 0.325 0.121 1.384(1.099-1.768) 0. 007
SRR 0.003 0.001 1.003(1.002-1.004) <0.001
MEH -0.016 0. 006 0.985(0.972-0.997) 0.015
RIS 0. 002 0. 000 1.002(1.001-1.003) <0.001
MELD 0.026 0.014 1.026(0.997-1. 055) 0.075




2230

=R R R4, 2021,43(20)

http : //aammt. tmmu. edu. cn

R4 RRWERSHSN

HIRE s i ZEX SEUIIE IR 2
24 iz UEBRZE AR e
0. 049 0 1. 000 1. 000 0.038

0. 042 2 0. 901 0. 924 0. 036
0.010 3 0.859 0. 891 0.036
0.010 5 0. 839 0.923 0. 036

2.3 BEA TR AR AR

i — g Bk 4 MR BAT Gt 22 5 T
TR bR (& A 2 RACE T4k . C Sy 2 H 2 A 5+
HOOMCE A0 E A b ET AR L B bR E A B
MELD | GHZL 2 ) 42 HH Ok, i AL Logistic [ )45
UL S FEAE BRI TIE AR A AN R 56 ik £ H X He AR
b Logistic MG 5 H A 4 ANEEARIFPERE. T H
AT AR IR IE & T BB R 1 AN EPEAS 2, R AT B

0.14
0.12
0.10
0.08
0.06
0.04
0.02

0

AR S

B OB HEA T AR BEAIE , L i B py w5 g 10

W 1) Logistic [0l ISR BEHLAR ALY P ik
PR XGBoost FHY DL M A4k Logistic #E47 P &R % IE
FIHMEBIGAE . PIEBIRIESS S 7 Logistic [H] B B
PLARMRABE A XGBoost #5281 Fl ] {1k Logistic 15 #1 AUC
L R 0. 866 ,0. 869 0. 873 0. 860 ; 55 i 5 A4
AUC 5efik, 24 0. 727, AR SR IIE 25 545 N BB 6 Tk 45 2R
A —ERERREL . HRERR IR 6.7, Nl
WEFIAMIRERE R ROC fHZEILIE 3, £ H delong test £
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2 XGBoost HAIEFREE 4

RS Rk Logistic BRA LR

B B SE OR(95%CI) P
Jeftfs 1.678 0. 185 5.354(3.770-7.803) <0. 001
bV ONE R A e -0.051 0. 006 0.951(0.939-0.962) <0. 001
JEYiEE2 0.003 0.001 1.003(1.002-1.004) <0.001
CRMNEARESH 0. 486 0.110 1.626(1.310-2.017) <0. 001
[ bR AL L 0.297 0.110 1.346(1.091-1.681) 0. 007
BEEA -0.010 0. 001 0.990( 0. 987-0.993) <0. 001
MELD 0. 038 0.012 1.038(1.015-1.063) 0. 001
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F6 5SHMEBERERNITIEEDRERELE
FET R S BH 1 ) % IS P T 0 3R HER AUC(95%CI)
Logistic {571 0. 900 0.678 0.318 0.976 0.710 0. 866 (0. 844-0. 889)
FE AL 2R bR 7 0.818 0.762 0.364 0. 962 0.770 0. 869 (0. 847-0. 892)
PR AR A 0. 580 0. 837 0.372 0.923 0. 800 0.727(0. 692-0. 762)
XGBoost 7 0. 887 0.710 0.337 0.974 0.735 0. 873(0. 852-0. 895)
Ak Logistic f£i7 0. 827 0.719 0.329 0.961 0.734 0. 860( 0. 837-0. 884)
FRT 5 MHIEBRIESMRICIE S PRI IERE LB
FY R RS E P T % I3 1 T 0 2R WETH AUC(95%CI)

Logistic 75 0. 760 0.751 0.380 0. 940 0.752 0. 831(0. 809-0. 852)
Pl AL AR AR 2 0.777 0. 680 0.328 0.938 0. 696 0. 809( 0. 785-0. 832)
P AR TR 0.364 0.921 0. 481 0.878 0.828 0. 645(0.619-0. 672)
XGBoost 7 0. 829 0. 658 0.328 0. 950 0. 687 0. 819(0.797-0. 841)
4L Logistic 0. 662 0.812 0.414 0.923 0.787 0. 818(0.795-0. 841)
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