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Cardiovascular disease recognition based on electrocardiogram data and pulse wave
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Abstract: To achieve an early screening of cardiovascular diseases and reduce the cost of clinical detection of cardiovascular
disease, a research based on pulse wave velocity (PWV) in the upper extremities and the hemodynamic theory related to pulse
waves is performed. The pulse waves and electrocardiogram data of 51 volunteers were collected, and 16 feature parameters
including 3 types of PWV and pulse wave features were extracted. Three sample feature data sets which are composed of different
PWV and pulse wave features are used to establish two different cardiovascular diseases recognition models based on K-nearest
neighbor (KNN) or support vector machine (SVM). The clssification accuracy of KNN and SVM models is 66.28% and 84.3%,
respectively. By comparing the effects of different PWV on the performance of models, the optimal pwvm for vascular assessment
is determined. The research results show that the SVM model is reliable in the cardiovascular disease recognition, providing a
new idea for the low-cost and early screening of cardiovascular diseases and providing a basis for wearable cardiovascular system
monitoring.
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Fig.1 Acquisition system

PPG: Photoplethysmography; ECG: Electrocardiogram
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Tab.1 Basic statistical information of the volunteers

Health controls Patients
Physiological parameters
Male Female Total Male Female Total

Age/year 27.25+8.3 33.2+12.1 29.5+10.2 67.4+10.9 74.3+5.5 69.0+9.9
Systolic pressure/mmHg 122.745.6  106.8+9.3 116.3£10.9 138.2+6.6 137.3£2.5 138.0+£5.6
Diastolic pressure/mmHg 72.3£7.9 65.9+6.3 69.8+8.1 76.5+4.5 71.6+10.4 75.1£6.57
Heart rate/times 69.1+£8.6 70.6x10.1 69.7+9.1 71.7+7.1 82.3+2.5 74.9+7.8
Height/cm 173.745.8  162.5£6.2 169.4+8.1 174.1£3.1 162.142.1 170.5+6.4
Weight/kg 68.5+11.0  54.0+8.4 62.9+12.3 74.3+10.9 62.3+1.5 70.75+10.7
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Fig.2 Definition of features

ptta, pttm, ptto are 3 kinds of pulse wave transit times. Tpp, Tc, CT, Tm_b,
Tm ¢, Tm d,Tm e,Tm a b,Tm a ¢,Tm a d,Tm a e, Tm b _peak, Al are

pulse wave morphological parameters, and these parameters form the set p.
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Tab.2 Accuracy of K-nearest neighbor model using

different feature sets

Feature set k Accuracy
P 15 0.570 0
Qa 17 0.574 9
Qo 29 0.6222
Qum 19 0.662 8

pwvo, pwva , pwvm are 3 kinds of pulse wave velocities. P
and pwvo forms the set Qo; P and pwva forms the set Q,; P and

pwvm forms the set Qu.
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Tab.3 Accuracy of support vector machine

model using different kernel functions

Kernel function Accuracy/%
Linear 83.87
Polynomial 82.78
RBF 84.30
Sigmoid 84.20
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Fig.3 P-R curve of two models
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