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Proposal of a Mathematical Model for Variations in Repeated
Measurement of Korean Medicine Clinical Variables and its Applicability
to Education

Hayeong Jeong, Young-Kyu Kwon'*, Chang-Eop Kim*

Department of Physiology, College of Oriental Medicine, Gachon University,
1: Division of Longevity and Biofunctional Medicine, School of Korean Medicine, Pusan National University

In this study, we proposed a mathematical model that can explain the source of the observed variability of
repeated measurement data collected in Korean medicine clinical practice, and conducted a pilot analysis to infer the
source of these variability based on our model. Mathematical model was constructed by dividing the observed
variations into three components: common time-dependent variations, signal shift, and measurement error. To show
the applicability of our model in real data, we analyzed 20 repeated measurement data of Korean clinical indicators in
graduate students of Pusan National University Graduate School of Korean Medicine. We showed how to infer each
source of variations based on our model and also showed the limitation of inference given the acquired the dataset.
On the basis of objective recognition of these source of the variability, we hope that quantitative investigations on
these sources for each Korean medicine clinical indicator are made in the future, so that they can be used in the

clinical and educational areas of Korean medicine.

Korean medicine clinical indicators, Repeated measurements, Normal variability, Korean medicine education
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Table 1. General Characteristics of the Study Subjects (N=45)

Characteristics Categories, n(%), Mean+SD, Median
Female Male
0,
Sex n [%] 19 (42%) 26 (58%)
Mean (SD) Median [range] Mean (SD) Median [range]
Height [cm] 162.15 162 173.45 173

(£4.53) [153.3-172.1] (£5.01) [165-183]
Mean (SD) Median [range] Mean (SD) Median [range]

Weight kal o) 7c (ca62) 52 [46-62] 7480 (£967) 72.25 [56-100]
Mean (SD) Median [range] Mean (SD) Median [range]
BMI' [kg/m’] 19.99 2441
2006 (£146) (1709077 2484 (£279) (198D,
Mean (SD) Median [range]
Age lyr] 3236 (+471) 31.00 [23.00 - 50.00]
) yes no
Smoking 4 (9%) 41 (91%)
yes no
Alcohol 31 (69%) 14 (31%)
Physical Yes no
activity 30 (67%) 15 (33%)

SD, standard deviation; BMI, body mass index.

Table 2. Non-response rate by variable (N=45)
Time points 1st time point

2nd time point

Clinical variables (pre), n(%) (post), n(%)
Meal interval 1(2.2%) 1(2.2%)
# of drinking water per day 1(2.2%) 2(4.4%)
Amount of water for drinking per cup 1(2.2%) 4(8.9%)
Average water temperature 2(4.4%) 6(13.3%)
Stool amount 1(2.2%) 2(4.4%)

Stool type 2(4.4%) 5(11.1%)

Stool color 12(26.7%) 20(44.4%)
Urine color 1(2.2%) 3(6.7%)
Chills/Cold, Fevers/Heat 2(4.4%) 2(4.4%)

Only variables with non-response rates are displayed in the table.

Table 3. The descriptive statistics of variations of 19 clinical variables

tstcs Mean sp e Types of
Clinical variables Qr Q@2 @ variable
# of meal per day 0.007 0493 0 0 0 ratio
Total calories per day 0.049 0429 0 0 0 ratio
First meal time -0.128 0.645 0 0 0 interval
Meal interval 0.039 0194 0 0 0 ratio
Bed time -0.004 0344 0 0 0.108 interval
Sleeping duration -0.06 0317 0 0 0 ratio
Sleep quality -0.027 0.486 0 0 0133 ratio
Sleep efficiency 0.024 0572 0 0 0067 ratio
# of d””kjj”a% water per 0% 0166 0 0 0 ratio
Amount of water for 4127 0441 0 0 0 ratio
rinking per cup
Average water 557 0416 0 0 0 interval
temperature
# of stools per day  -0.184 0.729 0 0 0 ratio
Stool amount 0.062 0811 0 0 0056 ratio
Stool type 0.005 0.602 -0.017 0 0 ordinal
# of urine per day  -0.071 0333 0 0 0 ratio
Urine color 0.039 0534 0 0 0 ordinal
Chills/Cold -0.019 0.077 0 0 0 ordinal
Fevers/Heat -0.065 0.321 0 0 0 ordinal
Sweat amount 0 0151 0 0 0 ordinal

Mean and SD are the values calculated as the normalized difference between
time point 1 and time point 2. Q1, Q2 and Q3 are the quartiles in the
normalized difference distribution of the variable. ratio, ratio variable; interval,
interval variable; ordinal, ordinal variable.
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Fig. 1. Variations of Korean medicine variables in repeated

measurements. x and y represent the 1st time point (pre) and the 2nd
time point (post), respectively. The x-axis of each plot is the value of time
1 (e.g. # of meal per day_x) and the value of time 2 (e.g. # of meal per
day_y) for a specific variable (e.g. # of meal per day), and the y-axis
indicates value at two time points. The thickness of the band is
proportional to the number of corresponding samples.
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Fig. 2. Distribution of normalized difference values between two time
points of visualization chart variables. Each dot indicates individual
samples. x-axis: 19 clinical variables of visualization chart, y-axis:
normalized difference (2*(yz-y1))/(y2j+y1))
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Table 4. Point estimates and confidence intervals for variations of 19
variables.

- ) Paint estimates, Cl Mean 95% bootstrap Cl
Clinical variables

# of meal per day 0.007 (-2.0, 0.67)
Total calories per day 0.05 (-0.35, 2.0)
First meal time -0.127 (-2.0, 1.33)
Meal interval 0.039 (-0.29, 0.63)
Bed time -0.003 (-0.18, 0.5)
Sleeping duration -0.06 (-0.67, 0.67)
Sleep quality -0.028 (-2.0, 0.68)
Sleep efficiency 0.024 (-1.84, 2.0)
# of drinking water per day 0.027 (-0.23, 0.34)
Amount of water for drinking per cup 0.127 (-0.33, 2.0)
Average water temperature -0.007 (-0.67, 2.0)
# of stools per day -0.184 (-2.0, 1.2)
Stool amount 0.062 (-2.0, 2.0)
Stool type 0.005 (-2.0, 2.0)
# of urine per day -0.07 (-0.5, 1.36)
Urine color 0.039 (-2.0, 1.0)
Chills/Cold -0.019 (-0.29, 0.0)
Fevers/Heat -0.064 (-2.0, 0.0)
Sweat amount 0.0 (-0.02, 0.67)
Cl, confidence interval
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