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Table I Datasets of the bleeding risk prediction model for anti-

thrombotic therapy in 1931 patients with coronary heart disease
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Table 2 Baseline data of coronary heart disease patients

in both groups
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Table 4 Results of different machine learning algorithms

of the bleeding risk prediction model based on the electrical

impedance of the twelve channels in coronary heart disease

patients patients after antithrombotic therapy

Mk AR (AUC)

Sk I erres prera g
LR 0. 580+0. 035 0.617 0. 450
KNN 0. 555+0. 043 0. 589 0. 662
XGBoost 0. 704+0. 052 0.726 0. 705

3.4 XGBoost B & 545 R

{8 F SHAP 3 BT HE 22 53 471 XGBoost £ 7 1 45 ¢
TEMIALE 52, &1 0 & R E XS 7 i 19 52
M, ALAVE 0. BAME L 1 B, EIREEAR S
HY B AR R KN (B 2T A U R AR AIE R B
K, Bl CRFIEE /N ), DLSHAPEER
FEAEXI Rt 52 o i, X T/ Nm SRk R
Ui, B O ] 21 (8 AR AR 1K 2 3 11 76 SHAP /)N
TOmy—M, BA/INiz 2847 i AR 70 i S 6l 1]
TRIME. BRI REA SR SHAP (R, 1152
HIFHATHEY , AR (k) MIUFAR R4 HE
fEAERE R rh py F e, 45 R LRI 2, P 2 A 0L,
WNnZ ., Rips, W, g, OLryEHyTE
25 SRR A 30



‘1’ & A& 20234F 4 A % 64 55 7 M Journal of Traditional Chinese Medicine , 2023, Vol. 64, No. 7 713 -

#
INTIR T
BN TR e
we P

LhZ
02
eV
B
T2
Jpz
i
fHZ
K%

WRF

04 06 08 10 12 14 I
SHAP{&

1 BT e bk B A T O SR PR YA YT H i
JRUEE X G Boost 5781 FRARF IR 70413 5 10
Figure 1 The feature importance ranking of XGBoost model pre-
dicting bleeding risk based on electrical impedance of twelve chan-

nels in coronary heart disease patients after antithrombotic therapy
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Figure 2 The average SHAP values ranking of XGBoost model
predicting bleeding risk in coronary heart disease patients based
on electrical impedance of twelve channels after

antithrombotic therapy
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Figure 3  The average SHAP values ranking of XGBoost model
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Construction of a Bleeding Risk Prediction Model for Patients with Coronary Heart Disease Using Antithrom -
botic Therapy: based on Bioelectrical Impedance of Twelve Jing-well Points

GAO Qun', ZHANG Huajun’, ZHANG Lijing', WANG Rong’

1. Dongzhimen Hospital, Beijing University of Chinese Medicine, Beijing, 100700; 2. Chinese PLA General Hospital
ABSTRACT Objective To construct a bleeding risk prediction model for patients with coronary heart disease
(CHD) using antithrombotic therapy based on bioelectrical impedance of twelve jing-well points, and to choose the
best algorithm for the model. Methods A total of 1931 CHD patients accepted antithrombotic therapy were included,
and they were divided into the exposure group where bleeding events were reported at the time of enrollment, and the
control goup where there is no self-reported bleeding events. The electrical impedance of the twelve jing-well points
were detected, which represented the electrical impedance of the twelve channels. The SHAP analysis framework was
used to analyze the fit models with three machine learning algorithms, that is LR, KNN, and XGBoost. The model
with the best performance among the three algorithms was chosen for further analysis. The weight and performance of
each feature in the finally selected model were analyzed, and the average SHAP values of all sample points were calcu-
lated and sorted to determine the channels with the highest weight in the model, that were the most closely related
ones to the bleeding events; at the same time, subgroup analysis was performed for different bleeding events based on
the same model. Results Among the 1931 patients, there were 176 cases in the exposure group and 1755 cases in
the control group. The top three bleeding events were gum bleeding (72 times) , subcutaneous bleeding (49 times) ,
and epistaxis (34 times). There were statistically significant differences in the electrical impedance of the jing-well
points of lung, large intestine, stomach, heart, small intestine, kidney, pericardium, sanjiao (=4), and gallblad-
der channels between the two groups (P<<0.05). The XGBoost algorithm performed best among the three algorithms ;
the area under the curve (AUC) of the validation set was 0. 728, and the AUC of the test set was 0. 709, indicating
good applicability of the external data set, and therefore XGBoost algorithm was selected for further analysis. The av-
erage SHAP values showed that the differences in the electrical impedance of the top five channels, which were small
intestine channel (0. 161) , large intestine channel (0. 152), lung channel (0. 088), pericardium channel (0. 069),
and heart channel (0. 068) , had significantly higher weight in the bleeding risk prediction model. Subgroup analysis
regarding the gingival bleeding, subcutaneous bleeding, and epistaxis showed that the average SHAP value of large in-
testine channel (0.080) was the highest in gingival bleeding events, while the average SHAP value of lung channel
(0.097) and that of small intestine channel (0.162) were the highest values in epistaxis events and subcutaneous
bleeding events, respectively. Conclusion The bleeding risk prediction model for antithrombotic therapy in CHD
patients can be constructed based on the bioelectrical impedance of the twelve jing-well points, that is, the twelve
channels. The model performs best with the XGBoost algorithm, which indicates close relationships between epistaxis
and lung channel, gingival bleeding and large intestine channel, subcutaneous bleeding and small intestine channel.
Keywords coronary heart disease; antithrombotic therapy; bleeding events; jing-well point; bioelectrical impe-

dance; predictive model
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