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Prediction of Death Risk of Patients with Sepsis in ICU based on the Fusion
of Stacking Model and Optimization Algorithm

Lou Yiming, Zhao Ruiging, Cui Yu, et al (Department of Health Statistics, School of Public Health, Shanxi Medical
University, Taiyuan 030001 )

[ Abstract] Objective Based on the medical information mart for intensive care Il (MIMIC-1II) database, constructing
a sepsis patient mortality risk prediction model using the stacking heterogeneous ensemble fusion algorithm can help in the early
identification and accurate prediction of mortality risks in sepsis patients. Methods Utilizing data from 5163 sepsis cases in
the MIMIC- Il database, the stacking model was employed to predict the risk of mortality. The study was divided into five
steps: handling missing values with miceforest, feature extraction with random forest, addressing data imbalance with Tomek
links, synthetic minority over-sampling technique (SMOTE) and SMOTETomek, comparing extreme gradient boosting,
categorical boosting, light gradient boosting machine models, and optimizing parameters. Finally, based on the optimized
three models, logistic regression was used as the meta-classifier to construct the stacking model for predicting the mortality risk
of sepsis patients. Results Through random forest feature selection, 14 key variables including simplified acute physiology
score Il and age were identified. The model performance was enhanced using three optimization algorithms: grid search, grey
wolf optimizer, and Harris hawks optimization (HHO) algorithm, with the SMOTETomek-lightGBM+HHO combination
proving to be the most optimal. Ultimately, the stacking model with a primary learner processed by SMOTETomek and a
logistic regression meta-classifier achieved an accuracy of 0. 9516, precision of 0. 9382, recall of 0. 9025, AUC of 0. 9380,
and an F, score of 0. 9516, demonstrating the effectiveness of the stacking ensemble strategy. Conclusion The stacking model
constructed in this study has advantages in both predictive accuracy and training efficiency, which helps intensive care unit
physicians to early identify high-risk patients and provides a scientific basis for clinical diagnosis and treatment.
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P4
ﬂzfigﬂﬂ v WA IE A B SAPS [T AEHR%E 144 b A ik, 25 4
- : SMOTETomek 4t P % 4 A F 1 ) &, LA K %t
NES = R = LA ¥
B3RP S AP AR R B A XGBoost, CatBoost il light GBM 15 74 i {1 4k, , 5 & H4)
I;f “l'l’f Tl"z“ S“;‘;TE SMOZZ‘“““ 71 stacking #5150 6 HUM A PE R Z0A00R 394
FL FERIRLRAE T AR T AR I R
TREA 2481 1133 2481 2348 - R SR 2
Bt 3614 2266 4962 4696 GWO HIHHO =F X4 o

0.9382 . 30 % 4 0. 9025 . F, 7380k 0. 9516, Y44k T2
— A X F P, i i stacking BRI (K ELE, FeAT T REAS

78, SMOTETomek—-light GBM £H 4515 U 7 £ i3t HHO
AR 2 5 159 3] T S A By $00 P i L 3 AT 58 I3 BT
HHO S 57548 28 25 1) v B T4 (9 4 48 2R g ) il
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F4 UESE AN AR M R L
AL MRTES TS R AUC F 55
UioaTld
XGBoost 0. 8756 0.8116 0.7853 0. 8510 0. 8756
Tomek+XGBoost 0. 8691 0. 8680 0. 8706 0. 8691 0. 8691
SMOTE+XGBoost 0.8912 0. 8859 0.8978 0.8912 0.8912
SMOTETomek+XGBoost 0. 9086 0. 8983 0.9214 0. 9086 0. 9086
CatBoost 0. 8829 0. 8492 0.7618 0. 8500 0. 8829
Tomek+CatBoost 0. 8676 0. 8743 0. 8588 0. 8676 0. 8676
SMOTE+CatBoost 0. 8946 0.9015 0. 8858 0. 8946 0. 8946
SMOTETomek+CatBoost 0.9079 0. 8982 0. 9200 0.9079 0.9079
lightGBM 0. 8861 0. 8544 0.7676 0. 8539 0. 8861
Tomek+lightGBM 0. 8921 0. 8866 0. 8996 0.8921 0.8921
SMOTE+lightGBM 0. 8991 0. 8999 0. 8982 0.8991 0.8991
SMOTETomek+lightGBM 0.9119 0.9111 0.9129 0.9119 0.9119
S
XGBoost 0. 8657 0. 8027 0. 7490 0.8334 0. 8657
Tomek+XGBoost 0. 8677 0. 7987 0.7636 0. 8388 0.8677
SMOTE+XGBoost 0. 8631 0.7703 0.7929 0. 8437 0. 8631
SMOTETomek+XGBoost 0. 8709 0.7837 0. 8033 0.8522 0. 8709
CatBoost 0. 8528 0.7828 0.7238 0. 8171 0. 8528
Tomek+CatBoost 0. 8664 0. 7965 0.7615 0. 8373 0. 8664
SMOTE+CatBoost 0. 8631 0.7917 0.7552 0. 8333 0. 8631
SMOTETomek+CatBoost 0. 8683 0.7878 0.7845 0. 8451 0. 8683
lightGBM 0. 8689 0. 8062 0.7573 0. 8380 0. 8689
Tomek+lightGBM 0. 8703 0.7974 0.7774 0. 8446 0. 8703
SMOTE+lightGBM 0. 8696 0. 7851 0. 7950 0. 8489 0. 8696
SMOTETomek+lightGBM 0. 8748 0. 8021 0. 7887 0. 8509 0. 8748
x5 MALEHEIVERE LA
b ik R % R AUC F, 5750
A3 R A
SMOTETomek—XGBoost+GS 0.9419 0.9199 0. 8891 0.9273 0.9419
SMOTETomek—CatBoost+GS 0. 9438 0. 9204 0. 8954 0.9304 0.9438
SMOTETomek-lightGBM+GS 0.9303 0. 9445 0. 8933 0. 9303 0. 9445
GWO itk
SMOTETomek—XGBoost+GWO 0.9477 0.9325 0. 8954 0.9332 0. 9477
SMOTETomek—CatBoost+GWO 0.9019 0. 8340 0. 8515 0. 8879 0.9019
SMOTETomek—lightGBM+GWO 0.9451 0.9281 0. 8912 0.9302 0.9451
HHO {4t
SMOTETomek—XGBoost+HHO 0.9451 0.9226 0. 8975 0.9319 0.9451
SMOTETomek—CatBoost+HHO 0. 9406 0.9232 0. 8808 0. 9240 0. 9406
SMOTETomek-lightGBM+HHO 0. 9490 0. 9309 0.9017 0.9359 0. 9490

F6 AR stacking B ELS X LL

AT HER % RS AR AUC F 508
SMOTETomek—XGBoost+GWO 0. 9477 0. 9325 0. 8954 0.9332 0.9477
SMOTETomek-CatBoost+GS 0. 9438 0. 9204 0. 8954 0. 9304 0.9438
SMOTETomek-lightGBM+HHO 0. 9490 0. 9309 0.9017 0.9359 0. 9490
stacking 0.9516 0. 9382 0.9025 0.9380 0.9516

®T BIUVERERRE PRI (=100 A 73)

ity BifE bR SN e/ IME
HER % 0.9516 0. 0032 0. 9584 0. 9448
IS 0.9382 0. 0080 0.9613 0.9151
4 ] 5 0. 9025 0. 0091 0. 9302 0. 8750
AUC 0. 9380 0. 0041 0.9501 0.9261
F\ 748 0.9516 0. 0035 0. 9624 0. 9398

AR RGNS, Ak , SMOTE Tomek 5 1 75 b %Y
P AP 1) R R L SE M, 3% 0 J5 SE Ao f it 1 d
S E" . stacking £ 7838 i Al & 24092 )
i B TN 25 5%, R 1T 2 > e i — 2D SR IR P fE
AWFFE R logistic PIHVE Ry o432 4%, fijfb T AR 45
4, TRl R T 488 v A LU AR A 2 stacking AR AU
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HFHATER L
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T () R e A S 4 BRI L N R AR T R B 2
—, R R ML TR e id LR IF R T

Rt om20 o DRI, LA A b T e B 10 E AR AT
N@Xﬂ‘?llmﬂ?&ﬁiﬂF%ﬁ%%ﬁlﬁtﬁhl@iaéi%o
AHFFEAE 1Y stacking Bk ICU B2 IR U0 g
W5 e R ML R PR AL TR s A A B TR SRR
YR B, B B AL T AP TS il — P IR R
BRI AE AR AR PRI T 6938 I, LR A R A
SEIP R R P BTN RE 7 o BEAb, S T 2 Al PR AL
P ANAWAREW) L T RE 2 0E— 2D 4 i A 4 TN v 1
PR R R A (EL

JUEARWISEIAT T —E R R B — 2L R
BRYE . G, BT RO R IR T B — s, T R AT 1 1k
Pl 22 o LU, BETY B SRR B UE i AN 800, 5 BEAE T
ZREARMAFE AR R AT KRR I L% R
Z ol 2 BRI B IR s AR 132 AL BE 1 A1
i ROE P RN, R 22 S kA LA =7 ~) A A
AR, DLt — 2 P TR R RE

25 LR A ST Y stacking A5 7R7E I BE IMLE
SR HE T IS, TG 7 ThT ELAT 58 e ER R PRI, DAl
IRUESEARBE T4 132085 . ARKRIIHHTE R B TR
PE—BARAC AR R , LASE S EAS v AL R
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