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Establishing a risk prediction model for the onset of female stress urinary inconti-

nence based on machine learning
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ABSTRACT :Objective  To construct prediction models of female stress urinary incontinence (SUI), and evaluate the
efficacy of each model. so as to provide reference for the early diagnosis of SUI. Methods Female SUI patients treated in our
hospital during Oct. 2019 and Oct. 2023 and healthy women undergoing physical examination during the same period were
involved. Women 42 days after delivery were included in the postpartum group (n = 611), and perimenopausal and
postmenopausal women were included in the non-postpartum group (n =409). The number of random seeds was set and the
participants were divided into the training and verification sets in a ratio of 7 : 3. Relevant clinical data were collected, and
meaningful variables were screened using single factor and Lasso regression, which were then incorporated into the K-nearest
neighbor method (KNN), support vector machine (SVM), decision tree (DT) and random forest (RF) algorithms. The
sensitivity, specificity, accuracy and area under the receiver operating characteristic curve (AUC) of the models were
calculated to screen out the optimal model. Results  There were 352 SUI patients (57.6%) in the postpartum group.
According to single factor and Lasso regression, significant variables included age, body mass index (BMI), maximum rapid
muscle stage, parity, bladder neck mobility ( BND), urethral rotation angle (URA), lateral perineal incision, past
incontinence, and constipation. In the verification set, the AUC of KNN,SVM.DT and RF models were 0.881,0.878,0.750
and 0.905,respectively; the AUC, accuracy, F1 index and Kappa value of RF model were the largest. In the non-postpartum
group, there were 260 SUI patients, accounting for 63.6% . The significant variables were age, BMI, maximum value and
recovery time of fast muscle stage, mean value of slow muscle stage, post-resting stage variability, vaginal delivery, past
incontinence, and constipation. In the verification set, the AUC of KNN,SVM, DT and RF models were 0.819,0.805,0.603
and 0.830, respectively; the AUC. accuracy. Kappa value of the RF model were the largest. Conclusion  This study
successfully established 4 prediction models for the incidence of SUI in women at 42 days postpartum, perimenopausal and
postmenopausal women based on machine learning. Among them, the model adopting the RF algorithm had the best prediction
efficiency.

KEY WORDS :stress urinary incontinence; prediction model; machine learning; decision tree; random forest; support vector

machine; K-nearest neighbor method
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£S5 FrRANGESRIEEIRKABILR

[M(P25,P75)]

0 H YL 4E (n=287) BAESE (n=122) t/Z 18 P {4
BMI 24.9(24.1,25.8) 25.1(24.1,25.8) —1.3 0.210
B 38 43 it~ —1.7 0.089
7 115(40.0) 60(49.2)
32 172(60.0) 62(50.8)
BB R 2 A —0.4 0.720
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i 142(49.5) 58(47.5)
fe i 50 —0.4 0.679
i 171(59.6) 70(57.4)
= 116(40.4) 52(42.6)
TRWLBA B e RAE/ p V 32.5(28.0,36.0) 32.1(27.1,35.5) —0.9 0.344
ML B3/ V 27.2(23.9,31.2) 28.4(25.4,31.9) —1.5 0.147
)G S B B A S 0.1€0.1,0.2) 0.1€0.1,0.2) —1.5 0.131

BMI: B A ik 8 50~ LA 000 R o PLBT B de KB 18 LI B 1 349 0 2 i i 18 B B S P AR 280 UL K 2 s

2.4 KNNRERHEE /ol 75 K=40 B AL
et N2 AUC=0.898(95% CI.0.871~0.
926) . I JiF 4 1y AUC = 0. 881 (95% CI: 0. 833 ~
0.929),Delong i %5 — % AUC 2 7 G it % E X
(P=0.521), B/~ )54l 78 K=50 B B30 B8 5o 1 »
IR AUC=0.864(95%CI:0.822~0.905), I
JEAE ) AUC = 0.819 (95% CI: 0. 743 ~ 0. 895),
Delong £ 3 — % AUC 2R LR it B L (P =
0.312),

2.5 SVM RBIREE 75 A AR IR 10 A% R
.C 2% —1.36, gamma = 0.023 W £ B 2% 8 55 AL »
YR AUC=0.925(95% CI:0.902~0.948) , I
JE4E By AUC = 0. 878 (95% CI: 0. 830 ~ 0. 925),
Delong 7 36 — % AUC 2 HF K& il 2% &8 L (P =
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0.062, gamma = 0. 046 W] 1% Y 5 58 fe I, Y 2 52 1
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0.684~0.815) , Delong fi 5 — 3 AUC 2 7 4112
B (P=0.08D), /7541 R4 AUC=0. 684
(95% CI:0.627 ~0.740), K jif £ 5 AUC = 0. 603
(95%CI:0.512~0.693), Delong ¥ I — & AUC 2%
SIS FE L (P=0.138),

2.7 RFEBIRFBE )52 78 ntree=461, mtry=
5, AT AL Y min_n Ry 48, INZAER AUC
=0.946(95%CI:0.924~0.964) , B 3F 4 1) AUC=0.
905(95%CI ;0. 863~0.948) , Delong # 3 — % AUC
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AN AUC=10.903(95% CI:0.869~0.937) , B iiF
R AUC=0.830(95%CI:0.749~0.911), Delong
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o 2 7B e 7 IE 2 K AR 7 R A A SUT &
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SVM 0.925 0.882 0.834 0.862 0.880 0.717
DT 0.815 0.756 0.867 0.803 0.816 0.608
RF 0.944 0.768 0.967 0.852 0.857 0.709
755 4 B F 4 KNN 0.881 0.802 0.756 0.783 0.810 0.556
SVM 0.878 0.802 0.731 0.772 0.802 0.533
DT 0.750 0.698 0.833 0.755 0.767 0.515
RF 0.905 0.736 0.910 0.810 0.817 0.624
77 5 A e KNN 0.864 0.753 0.827 0.780 0.813 0.549
SVM 0.848 0.868 0.663 0.794 0.843 0.544
DT 0.684 0.714 0.654 0.692 0.747 0.356
RF 0.904 0.753 0.894 0.804 0.830 0.605
B 77 5 41 56 E 5 KNN 0.819 0.654 0.756 0.691 0.729 0.381
SVM 0.805 0.782 0.644 0.732 0.787 0.425
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