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Objectives : This study is aimed at developing and discussing the prediction model of blood stasis pattern of traditional Korean
medicine(TKM) using machine learning algorithms: multiple logistic regression and decision tree model. Methods : First, we
reviewed the blood stasis(BS) questionnaires of Korean, Chinese, and Japanese version to make a integrated BS questionnaire of
patient-reported outcomes. Through a human subject research, patients-reported BS symptoms data were acquired. Next, experts
decisions of 5 Korean medicine doctor were also acquired, and supervised learning models were developed using multiple logistic
regression and decision tree. Results : Integrated BS questionnaire with 24 items was developed. Multiple logistic regression models
with accuracy of 0.92(male) and 0.95(female) validated by 10-folds cross-validation were constructed. By decision tree modeling
methods, male model with 8 decision node and female model with 6 decision node were made. In the both models, symptoms of
‘recent physical trauma’, ‘chest pain’, numbness’, and ‘menstrual disorder(female only)’ were considered as important factors.
Conclusions : Because machine learning, especially supervised learning, can reveal and suggest important or essential factors
among the very various symptoms making up a pattern identification, it can be a very useful tool in researching diagnostics of TKM.
With a proper patient-reported outcomes or well-structured database, it can also be applied to a pre-screening solutions of
healthcare system in Mibyoung stage.
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Fig. 1. Whole study procedure.
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Table 1. Process of Developing Integrated Patient-Reported Outcomes of Blood Stasis Questionnaires of Korea, China, and Japan
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Table 2. Basic Characteristic Results of 1st Human Subject
Research

Gender Male Female
Number of respondents 262 251
Mean of age 22.63 22.94
Standard Deviation of age 3.00 3.19
Missing values in age 1 2
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Table 3. Inter-rater Reliability of Blood Stasis Decision among 5 Experts

# of subjects # of raters Fleiss’ kappa z p-value
Male 368 5 0.498 30.2 <0.001
Female 419 5 0.525 34 <0.001
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Table 4. Logistic Regression Model based on the Final Decision
Male Female
Coefficient SE Coefficient SE
(Intercept) —17.94*** 3.78 —20.07*** 4,90
item01 2.74%* 0.95 4.49% 1.66
item02 10.45%* 2.84 8.79** 2.97
item03 6.45 3.96 —0.61 4.71
item04 1.23 1.14 2.36 1.36
item05 8.38*** 1.92 7.18** 2.24
item06 6.51*** 1.90 8.19%** 2.34
item07 2.00 1.28 1.80 2.00
item08 6.32%** 1.63 5.76** 1.86
itemQ9 9.56 11.77 .47 2.34
item10 5.47%* 1.44 2.03 2.04
item11 31.49 17.26E+02 38.24 66.98E+02
item12 5.15%* 1.24 5.38*** 1.55
item13 14,727 3.62 18.96*** 4.88
item14 8.21%* 2.03 7.71%* 2.60
item15 8.69*** 2.09 6.00 3.51
item16 5.71% 1.38 4.41 411
item17 8.86 32.86 —20.21 47 .45E+06
item18 1.83 3.75 13.55** 4.32
item19 511 1.71 4.65 3.43
item20 1.39 1.03 —3.14 2.52
item21 5.02** 1.53 —5.88 3.06
item22 1.40 0.89 —1.23 1.58
item23 2.79* 1.28 5.93* 2.34
item24(female) - - 46.25 29.97E+02
SE : Standard Error.
Statistical significance : ***p-value<0.001, *p-value<0.01, *p-value<0.05.
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Fig. 4. Decision tree based on the
final decision for female.
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