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Abstract

Development of a Sasang Type Diagnosis Model Using Machine Learning and
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2College of Korean Medicine, Dong-Fui University, Busan, 47340 Korea
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Objectives

Efforts to develop a Sasang type diagnostic method with high validity and clinical utility have continued, with growing
interest in large-scale data and machine learning (ML). However, ML often suffers from reliance on input data, overfitting,
and limited theoretical interpretability, reducing its clinical applicability. This study aimed to develop a diagnostic model
with improved interpretability, predictive performance, and accessibility by systematically selecting clinical features and
using an intuitive ML interface.

Methods

Psychological, physical, and hematological features were selected stepwise through literature review, ANCOVA, and
correlation analysis. Data from 2,407 participants were split into training (70%) and test(30%) sets. Feature contribution
was evaluated by information gain (IG), and the diagnostic performance of random forest (RF), naive Bayes (NB), neural
network (NN), and stochastic gradient descent (SGD) was assessed using accuracy, precision, recall, F1 score, Matthews
correlation coefficient (MCC), ROC curve and AUC. Analyses were performed using Orange, an open-source Python-based
Graphic User Interface.

Results

IG analysis showed notable contributions from BMI (0.531), RMRw (0.292), RMR (0.207), three SPQ subscales (0.329).
Including BMI yielded high accuracy (0.817), but after its removal to balance features, accuracy remained at 0.755.
Algorithm efficiency depended on interaction with input data.

Conclusions

Balanced integration of psychological, physical, and hematological features improved consistency with Sasang typology
theory, clinical utility, and model generalizability. Appropriate feature selection had a greater impact on performance than
algorithm choice. The proposed procedure and Orange workflow offer clinicians and researchers a practical foundation
for ML-based analysis, contributing to the globalization of Sasang typology.
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Table 1. Demographic Features of the Participants in Current Study

DW Hwang et al

Male(n=631) Female(n=1416)
Age™ 39.777+12.800 42.415+11.344 t=-4.667, p<0.001
Education”™ X’=56.336, p<0.001
None 0 3
Elementary school 10 41
Middle school 21 97
High school 246 693
Bachelor 277 503
Ph.D. 77 80
Marriage™ X’=56.787, p<0.001
Single 207 280
Married 421 1075
Divorced 2 30
Deceased 1 31
Psychological characteristics
SPQ-Total 28.471+5.412 28.322+5.533 t=0.565, p=0.572
SPQ-Behavior 10.700+2.633 10.772+2.610 t=-0.570, p=0.569
SPQ-Cognition™ 9.929+2.268 9.606+2.383 £=2.872, p=0.004
SPQ-Emotion 7.842+2.043 7.944+2.084 t=-1.036, p=0.300
NEO-PI
Neuroticism™™ 42.651+10.993 45.882+10.850 =-6.196, p<0.001
Extraversion” 53.762+10.274 51.972+10.471 £=3.593, p<0.001
Openness 54.675+8.217 54.263+7.986 t=1.067, p=0.286
Agreeableness™ 57.065+8.946 59.151+8.437 £=-5.070, p<0.001
Conscientiousness 56.761+8.809 56.449+8.596 t=0.751, p=0.453

Physical features

Height ™ 172.006 +5.860 158.791+5.303 £=50.378, p<0.001

Weight™ 72.407+10.042 57.639+8.086 £=35.321, p<0.001
Anthropometrics

BMI™ 24.466+3.102 22.869+3.083 £=10.801, p<0.001

PI 14.246+1.910 14.429+2.086 £=-1.881, p=0.060

WHR"™ 0.899+0.050 0.878+0.056 £=8.180, p<0.001

RMR™ 1745.269+152.498 1324.997+84.513 £=79.801, p<0.001

RMRw"™ 24.305+1.807 23.236+1.866 £=12.079, p<0.001
Sasang type” X?=49.153, p<0.001

So-Yang 164 496

Tae-Eum 361 574

So-Eum 106 346

NEO-Personality Inventory, NEO-PI; Sasang Personality Questionnaire, SPQ; Body Mass Index , BMI; Ponderal Index, PI; Waist Hip Ratio, WHR;

Resting Metabolic Rate, RMR; Resting Metabolic Rate per weight, RMRw

L p< 057, p<o1, ™ p< 00l
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Table 2. Estimated Biopsychological and Physical Features of Each Sasang Type Groups.

So-Yang Tae-Eum So-Eum Statistical analysis Post-hoc
SPQ
SPQ-Total 31.453+0.243 28.002+0.194 24.490+0.286 F=186.185, p<0.001 SY>TE>SE
SPQ-Behavior ™ 12.453+0.112 10.349+0.090 9.054+0.132 F=221.158, p<0.001 SY>TE>SE
SPQ-Cognition”™ 10.574+0.110 9.879+0.088 8.163+0.130 F=110.727, p<0.001 SY>TE>SE
SPQ-Emotion”™ 8.426+0.101 7.773+0.081 7.273+0.119 F=30.443, p<0.001 SY>TE>SE
NEO-PI
Neuroticism™™ 42.156£0.523 44.510+0.418 45.506+0.616 F=10.624, p<0.001  TE>SY, SE>SY
Extraversion” 56.6700.476 52.342:0.381 47.798+0.561 F=78.766, p<0.001 SY>TE>SE
Openness”™ 55.490+0.399 53.854+0.319 54.6410.469 F=5.361, P=0.005 SY>TE
Agreeableness 58.522+0.413 57.850+0.330 58.053+0.487 F=0.847, P=0.429
Conscientiousness 58.087+0.420 55.986+0.336 56.983+0.495 F=7.950, P<0.001 SY>TE
Anthropometrics
BMI™ 22.409+0.101 25.904+0.080 20.672+0.118 F=804.227, P<0.001 TE>SY>SE
PI™ 13.560+0.066 15.752+0.053 12.472+0.078 F=733.354, P<0.001 TE>SY>SE
WHR"™ 0.880+0.002 0.909+0.002 0.861+0.003 F=121.965, P<0.001 TE>SY>SE
RMR™ 1496.800+4.589  1593.011+3.667  1456.767+5.403  F=270.634, P<0.001 TE>SY>SE
RMRw ™ 24.287+0.065 22.597+0.052 25.533+0.077 F=564.192, P<0.001 SE>SY>TE
Circumference
Forehead ™ 56.926+0.086 57.489:0.068 56.443+0.101 F=40.433, P<0.001 TE>SY>SE
Neck™ 35.4470.090 37.184:0.072 34.539+0.106 F=256.462, P<0.001 TE>SY>SE
Axillary™ 90.972+0.247 96.043+0.198 87.9020.291 F=310.660, P<0.001 TE>SY>SE
Chest™ 89.859+0.284 96.076+0.227 85.924+0.334 F=363.606, P<0.001 TE>SY>SE
Rib™ 80.607+0.280 87.640:0.223 76.941+0.329 F=431.152, P<0.001 TE>SY>SE
Waist™ 82.240+0.318 89.591+0.254 78.312+0.374 F=368.828, P<0.001 TE>SY>SE
Pelvic™ 88.464+0.286 94.419:0.228 85.489+0.337 F=289.766, P<0.001 TE>SY>SE
Hip™* 93.429:0.254 98.557+0.203 90.864+0.299 F=272.809, P<0.001 TE>SY>SE
Width
Axillary™ 31.500+0.090 33.045+0.072 30.686+0.106 F=203.134, P<0.001 TE>SY>SE
Chest™ 29.014+0.107 31.070+0.086 28.023+0.126 F=241.904, P<0.001 TE>SY>SE
Rib™ 27.883+0.095 29.781+0.076 27.015+0.112 F=256.908, P<0.001 TE>SY>SE
Waist™ 27.973:0.106 30.282:0.084 26.783+0.124 F=324.434, P<0.001 TE>SY>SE
Pelvic™ 30.1900.120 31.348:0.096 29.5370.142 F=65.550, P<0.001 TE>SY>SE

NEO-Personality Inventory, NEO-PI; Sasang Personality Questionnaire, SPQ; Body Mass Index , BMI; Ponderal Index, PI; Waist Hip Ratio, WHR;
Resting Metabolic Rate, RMR; Resting Metabolic Rate per weight, RMRw
L p< 057, p< 0™ p< 001
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Table 3. Estimated Hemological Features of Each Sasang Type Groups.

So-Yang Tae-Eum So-Eum Statistical analysis Post-hoc
BUN* 14.188+0.160 13.770=0.128 13.502:0.188 F=4.439, P=0.012 SY>SE
Creatinine 0.955+0.005 0.963+0.004 0.949+0.005 F=2.524, P=0.080
FBS™ 92.151+0.819 95.621+0.654 89.645+0.964 F=14.831, P<0.001  TE>SY, TE>SE
D.Bili™ 0.272+0.005 0.256+0.004 0.273+0.006 F=4.753, P=0.009  SY>TE, SE>TE
T.Bili 0.876+0.016 0.842+0.013 0.872+0.019 F=1.770, P=0.171
AST™ 24.649+0.482 26.599+0.385 24.040+0.568 F=9.111, P<0.001 TE>SY, TE>SE
ALT™ 22.499+0.817 28.306+0.653 21.083+0.962 F=26.345, P<0.001  TE>SY, TE>SE
ALP™ 67.077+0.897 69.760+0.717 65.810£1.056 F=5.817, P=0.003 TE>SY, TE>SE
T.Chol ™ 184.285+1.553 190.505+1.241 181.636+1.829 F=9.965, P<0.001 TE>SY, TE>SE
Tg™ 114.525+4.108 145.797+3.284 102.800+4.837  F=34.275, P<0.001  TE>SY, TE>SE
HDL™ 56.596+0.597 53.219+0.477 58.387+0.703 F=21.971, P<0.001  SY>TE, SE>TE
LDL™ 109.631+1.463 117.038+1.170 107.985+1.723  F=13.100, P<0.001 ~ TE>SY, TE>SE
WBC™ 5.689+0.073 5.997+0.058 5.547+0.086 F=11.558, P<0.001  TE>SY, TE>SE
RBC™ 4.419+0.016 4.517+0.012 4.359+0.018 F=29.098, P<0.001 TE>SY>SE
Hb™ 14.078+0.055 14.351+0.044 13.937+0.064 F=16.878, P<0.001  TE>SY, TE>SE
HCT™ 41.642+0.119 41.642+0.119 40.477+0.176 F=17.074, P<0.001  TE>SY, TE>SE
MCV 92.684+0.261 92.246+0.209 92.941:0.308 F=2.042, P=0.130
MCH 31.864+0.105 31.793+0.084 32.002:0.124 F=1.007, P=0.366
MCHC 34.360+0.036 34.451+0.028 34.417+0.042 F=2.076, P=0.126
RDW 13.156+0.071 13.109+0.056 13.153+0.083 F=0.180, P=0.835
Platelet”™ 227.973+2.587 238.913+2.068 221.227+3.047  F=13.354, P<0.001  TE>SY, TE>SE
Eosinophil ™ 169.709+7.480 177.853+5.978 144.532+8.807 F=5.139, P=0.006 TE>SE

Blood Urea Nitrogen, BUN; Fasting Blood Sugar, FBS; Direct bilirubin, D.Bili; Total bilirubin, T.Bili; Aspartate Aminotransferase, AST; Alanine
Aminotransferase, ALT; Alkaline Phosphatase, ALP; Total Cholesterol, T.Chol; Triglycerides, Tg; High-Density Lipoprotein, HDL; Low-Density
Lipoprotein, LDL; White Blood Cells, WBC; Red Blood Cells, RBC; Hemoglobin, Hb; Hematoctit, HCT; Mean Corpuscular Volume, MCV; Mean
Corpuscular Hemoglobin, MCH; Mean Corpuscular Hemoglobin Concentration, MCHC; Red Cell Distribution Width, RDW

L p< 057, p< 0L p< 001
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Figure 4. Information gain for selected clinical features in current study

Sasang Personality Questionnaire, SPQ; SPQ-Behavior, SPQ-B; SPQ-Cognition, SPQ-C; SPQ-Emotion, SPQ-E; Body Mass Index, BMI; Waist
Hip Ratio, WHR; Resting Metabolic Rate, RMR; Resting Metabolic Rate per weight, RMRw; Forehead Circumference, Forehead C; Neck
Circumference, Neck C; Pelvic Width, Pelvic W; Red Blood Cells, RBC
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Table 4. Diagnostic Performance of Sasang Type Classification Models Using Default Dataset

Classifier CA F1 Precision Recall MCC AUC
RF 0.817 0.818 0.819 0.817 0.717 0.932
NB 0.783 0.782 0.782 0.783 0.663 0.913
NN 0.809 0.809 0.810 0.809 0.704 0.935
SGD 0.806 0.805 0.805 0.806 0.697 0.929

Random Forest, RF; Naive Bayes, NB; Neural Network, NN Stochastic Gradient Descent, SGD; Classification Accuracy,

Coefficient, MCC

Table 5. Diagnostic Performance of Sasang Type Classification Models Using Comparison Dataset

, CA; Matthews Correlation

Classifier CA F1 Precision Recall MCC AUC
RF 0.755 0.754 0.754 0.755 0.618 0.899
NB 0.742 0.740 0.741 0.742 0.598 0.888
NN 0.750 0.750 0.752 0.750 0.613 0.896
SGD 0.743 0.741 0.745 0.743 0.601 0.893

Random Forest, RF; Naive Bayes, NB; Neural Network, NN Stochastic Gradient Descent, SGD; Classification Accuracy, CA; Matthews Correlation

Coefficient, MCC
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Figure 5. ROC curves of diagnostic models using default dataset (A) and comparison dataset (B). The left, middle, and right
panels correspond to So-Yang, Tae-Eum, and So-Eum types, respectively.

For all panels, purple line denotes Neural Network (NN), green line Random Forest (RF), pink line Stochastic Gradient Descent (SGD), and orange line
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Suppl. Table 1. Correlation Coefficient among Selected Psychological Features

SPQ-Total SPQ-Behavior SPQ-Cognition SPQ-Emotion Extraversion
SPQ-Total —
SPQ-Behavior 0.837"" _
SPQ-Cognition 0.813™ 0555 —
SPQ-Emotion 0.669™ 0331 0310 —
Extraversion 0.481°"* 0.608"" 0341 0124 _

Sasang Personality Questionnaire, SPQ
L p< 05 pe o™ p < 00l

Suppl. Table 3. Confusion Matrix of Sasang Type Classification Models Using Default Dataset

Predicted label

TE SE sy
RF 85.9% 4.8% 9.3%
NB 83.7% 41% 12.2%
TE
NN 84.1% 5.2% 10.7%
SGD 85.9% 4.8% 9.3%
RF 6.7% 79.3% 14.1%
NB 5.9% 79.3% 14.8%
Actual label E
ceual ld . NN 5.29% 80.7% 14.1%
SGD 8.9% 763% 14.8%
RF 11.6% 11.1% 77.3%
NB 17.4% 12.1% 70.5%
sy
NN 11.1% 14.0% 74.9%
SGD 15.9% 7.7% 76.3%

Bold represent the best performances in the categories.
Random Forest, RF; Naive Bayes, NB; Neural Network, NN; Stochastic Gradient Descent, SGD

Suppl. Table 4. Confusion Matrix of Sasang Type Classification Models Using Comparison Dataset

Predicted label

TE eE sy
RE 83.0% 63% 10.7%
- NB 82.2% 6.3% 11.5%
NN 80.0% 7.8% 12.2%
SGD 85.2% 5.6% 9.3%
RE 14.8% 69.6% 15.6%
NB 13.3% 74.1% 12.6%
Actual label SE NN 12.6% 74.8% 12.6%
SGD 16.3% 67.4% 16.3%
RF 20.8% 11.6% 67.6%
o NB 25.1% 11.1% 63.8%
NN 17.9% 13.5% 68.6%
SGD 25.6% 7.7% 66.7%

Bold represent the best performances in the categories.
Random Forest, RF; Naive Bayes, NB; Neural Network, NN; Stochastic Gradient Descent, SGD
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