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Abstract

An Exploratory Study of Electrochemical Skin Conductance for the Deficiency Pattern

Identification in Diabetic Patients
Kahye Kim - Jihye Kim * Jaeuk U. Kim
Korea Institute of Oriental Medicine

Objectives
The objective of this study is to examine the interpretability of the questionnaire-based pattern identification

in terms of biosignals. For this purpose, we investigate the relationship between electrochemical skin conductance
(ESC) and Qi-Blood-Yin-Yang Deficiency Questionnaire (QBYY-Q) in diabetic patients.

Methods
A total of 40 patients with diabetes mellitus answered the QBYY-Q and their ESC were measured by

SUDOSCAN device (a diabetes screening device, France). To analyze the relationship between QBYY-Q and
ESC, ANOVA analysis and Scheffe test were performed and Pearson correlation coefficients were obtained.

Results
Of the 40 diabetic patients, 23 (57.5%) were males and 17 (42.5%) were females. According to the QBYY-Q,

9 patients were classified into Qi deficiency pattern (QD), 9 patients were Blood deficiency pattern (BD), 10
patients were Yin deficiency pattern (YiD) and 12 patients were Yang deficiency pattern (YaD). Demographic
information (age, body mass index, duration of illness, etc.), signs of vitality (blood pressure, body temperature,
etc.), fasting plasma glucose and glycated hemoglobin were not significantly different in each deficiency pattern.
The ESC of the right leg was significantly lower in the BD group compared to the YiD group (p<0.022).
Pearson's correlation coefficient was negatively correlated with the BD questionnaire score (r=-0.343, p <0.05).
Finally, ESC showed a positive correlation with hemoglobin and erythrocyte levels in all limbs (r=0.483, p<0.01).

Conclusions
We showed that ESC could be used to classify the Deficiency pattern identifications in diabetic patients.

Especially, the ESC was significantly lower in the BD group and was negatively correlated with the BD scores.
It implies the potential utility of the ESC to understand the BD in terms of modern biosignals.
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Figure 1. Measuring Electrochemical skin conductance
using SUDOSCAN Equipment
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Table 1, Patient's general characteristics and blood parameters by deficiency pattern (n=40)

Deficiency Pattern

Vaiables oD BD YiD YaD p-value
No. of Subjects 9 9 10 12
Male (No. of subjects, %) 5 (55.6) 6 (66.7) 5 (50.0) 7 (58.3)
Femde (No. of subjects, %) 4 (44.4) 3 (333 5 (50.5) 5 (41.7)
Age (year) 59.3+8.2 61.1+11.9 61.0+6.9 63.5t7.8 0.750
Anthropometric indices
Height (cm) 163.8+11.3 160.4+10.3 160.2+10.3 159.8+11.4 0.848
Weight (kg) 64.8+8.0 64.6+101  68.6+10.1 64.2+13.7 0.787
Body Mass Index (kg/mP) 24.3+3.4 25.1+3.4 26.6+2.6 25.0+£35 0.459
Duration of disease (year) 10.1+6.1 6.9+5.6 6.4+5.8 11.6+£9.8 0.305
Waist Circumference (cm) 88.7+9.6 90.3+6.6 92.249.3 88.5+8.9 0.756
Hip Circumference (cm) 94.2+43.8 97.8+4.5 99.64£5.4 96.7+£7.2 0.222
Vitd signs
Systalic Blood Pressure (mmHg) 129.6+17.1 131.3+12.7 131.0+£9.8 128.1+14.1 0.943
Diastolic Blood Pressure (mmHg) 78.9+8.0 80.0£9.7 77.7£9.7 74.0£11.4 0.533
Pulse rate (beats per minute) 73.9+9.1 79.3+11.0 76.3+9.8 73.5+10.7 0.575
Body temperature (C) 36.6+0.3 36.6+0.2 36.7+0.3 36.5+0.2 0.601
Blood parameters
Glycated hemaglobin (%) 7.0¢1.2 6.5+0.5 6.5+0.7 6.9+0.7 0.418
Fasting Plasma Glucose (mg/dL) 144.4+33.0 120.6+22.5 127.8+21.7 140.4+37.6 0.2%4
Tota cholesterol (mg/dL) 172.2+¢388  161.6+326  164.8+387  167.8+39.3 0.940
Hemoglobin (%) 14.4+2.1 14.0£2.1 13.6+1.2 139+1.2 0.771
Red Blood Cells (106/mm) 4.7+0.7 4.7+0.6 4.4+04 45+0.4 0.501
White Blood Cells (103/mn’) 7.2+1.8 6.3+1.1 7.1+1.8 6.3+1.9 0.464

meantSD, QD: qi deficiency pattern, BD: blood deficiency pattern, YiD: yin deficiency peattern, YaD: yang

deficiency pattern
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Table 2, ESC according to deficiency pattern (n=40)
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Deficiency Pattern

Variables - p-value Scheffe
QD BD YiD YaD
Hand Left ESC 70.4£18.0 54.8+19.1 69.3£12.6 69.7£9.8 0.090
Hand Right ESC 65.5+18.4 50.9+21.4 66.7+15.0 64.2+10.9 0.156
Foot Left ESC 75.3t9.9 61.0+17.8 77.8+7.8 72.4+15.0 0.051
Foot Right ESC 74.8+10.0 61.1+15.6 78.5+6.5 73.2+13.7 0.022" BD<YiD

"p<0.05, mearntSD, ESC: dectrochemical skin conductance, QD: qi deficiency pattern, BD: blood deficiency
pattern, YiD: yin deficiency pattern, YaD: yang deficiency pattern

Table 3, Correlation between deficiency pattern questionnaire scores and ESC assessed using pearson

analysis
Vaiables Hand Left ESC Hand Right ESC  Foot Left ESC Foot Right ESC
QD Questionnaire Score -0.071 -0.046 0.110 0.041
BD Questionnaire Score -0.290 -0.278 -0.299 -0.343
YiD Questionnaire Score -0.045 -0.017 0.057 0.044
YaD Questionnaire Score -0.147 -0.187 -0.154 -0.207

"p<0.05, ESC: dectrochemical skin conductance, QD: qi deficiency pattern, BD: blood deficiency pattern, YiD: yin

deficiency peattern, YaD: yang deficiency pattern
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Table 4. Correlation between BD questionnaire scores and ESC assessed using pearson analysis

Variables Hand Left ESC Hand Right ESC  Foot Left ESC  Foot Right ESC
Q06 oAt 0.089 0.104 0.025 0.070
Q07 °l+ glo] 7izo] F5F AT -0.067 -0.065 0.051 -0.016
QL1 F7} & d} -0.295 -0.269 -0.405" -0.439”
Q13 Qo] st 0.079 0.072 -0.007 -0.011
Q15 Hgj7lee] FAEA s -0.198 -0.179 -0.329 -0.369"
Q16 Y&, w7E, &5l 7t glvk 0.065 0.088 0.025 0.031
Q17 =o| H=EsAY =3tk -0.433” -0.434” -0.418” -0.416"
Q28 & & X AAY w& wol ¥t -0.155 -0.165 -0.001 -0.066

"p<0.05, “'p<0.01, ESC: electrochemical skin conductance

Table 5. Correlation between blood parameters and ESC assessed using pearson analysis

Hand Left ESC Hand Right ESC  Foot Left ESC  Foot Right ESC

Glycated hemoglobin 0.137
Fasting Plasma Glucose 0.122
Tota cholesterol 0.160
Hemoglobin 0.460"
Red Blood Cells 0.362°
White Blood Cedls 0.190

0.058 0.185 0.153
0.072 0.086 0.032
0.046 041 -0.086
0.436" 0.477" 0.483"
0.354" 0.380" 0.380"
0.136 0.231 0.203

"p<0.05, “p<0.01, ESC: electrochemical skin conductance
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Appendix 1, Qi Blood Yin Yang Deficiency Questionnaire
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