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Skin Color Measurement of LU10; Comparison between Functional
Dyspepsia Patients and Healthy Controls

Min-ji Kim, Seok-Jaec Ko, Jac-Woo Park

Department of Gastroenterology, College of Korean Medicine, Kyung Hee University

Objectives: According to Korean Medicine theory, the skin color of LUIO serves as a diagnostic clue to dyspeptic
symptoms. The aims of this study were (1) to find the difference of skin color in LU0 region between functional
dyspepsia (FD) and healthy control (HC) and (2) to examine the relationship between LU10 skin color parameters
and dyspeptic symptoms.

Methods: 39 participants (29 FD and 10 HC) have participated in this study. They were asked to complete
gastrointestinal scale (GIS), gastrointestinal symptom rating scale (GSRS), Nepean dyspepsia index (NDI), functional
dyspepsia-related quality of life (FD-QoL), visual analogue scale (VAS) for dyspeptic symptoms, food retention
questionnaire (FRQ) and cold heat questionnaire (CHQ). L* (luminance), a* (red-green balance) and b* (yellow-blue
balance) values of LU10 region were calculated through digital images of the participant's hand. Then we evaluated
test-retest reliability of L*, a* and b* values of LU10 region. Additionally, we compared L*, a* and b* values of
LUI10 between FD and HC, and examined the relationship between LU10 color parameters and seven questionnaires
scores.

Results: Only L* values in LUIO region were significantly higher in FD compared with HC. GIS scores and the
subset scores of NDI had a positive correlation with L* values significantly. Correlation coefficients of test-retest
reliability of skin color measurement of LU10 ranged from 0.871 to 0.936 representing very strongly statistically
significant (P<0.001).

Conclusions: We confirmed the difference of skin color in LUIO0 region between FD and HC, and relationship
between LU10 skin color parameters and dyspeptic symptoms.

Key Words : Functional dyspepsia, |*, a*, b*, LU0, Korean medicine, Diagnosis
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Fig. 1. Settings for photographing participant's hand, A
digital camera with tripod, LED lights and photobox,

(Figure 1).
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Fig. 2. Two regions of interest (ROIs) in this trial, The ROIs
were cropped using Picture Color Analyzer software,
A: LU10 region at the midpoint of the palmar border
of the 1st metacarpal bone, B: Reference region,
proximal to the heads of 2nd and 3rd metacarpal
bone (no correlation with LU10).
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Table 1. Baseline Characteristics of Participants

A% (P<0.001), A=(P=0.005),
] Aiof H8(P=0.003) Ftoll A frelek Apol7t
AATE Ao Hgo M= BE AL AL
o] glof HAo] o] Fol XA 2FGITH Table 1).

2) MBAA(GIS, GSRS, NDI-K, FD-QoL, CHQ,
FRQ, VAS)Q} L* a* p* EXzt B4 At

AA A Ak A gt oAld ]

L* a* b* ZAZE Table 2004 A|AI3F e} 2a1,

Total (n=39) Mean+SD Range

Age (yrs) 38.36+5.92 30.0-49.0
BMI (kg/m2) 22.4743.27 17.4-31.0
SBP (mmHg) 121.54+14.41 95.0-167.0
DBP (mmHg) 76.79+9.77 61.0-106.0
Pulse (bpm) 76.15+9.73 59.0-96.0
BT(C) 36.23+0.33 35.2-36.8
Baseline Characteristics of Each Group

FD (n=29) HC(n=10) P-value

Age (yrs)” 40.34+5.18 32.60+3.86 <0.001*
BMI (kg/m?) 22.57+3.27 22.18+3.42 0.752°
SBP (mmHg) 121.24+14.62 122.40+14.47 0.830°
DBP (mmHg) 76.86+9.67 76.6010.58 0.943*
Pulse (bpm) 77.31£10.31 72.80+7.24 0.211°
BT(C)" 36.15+0.34 36.44+0.22 0.005
Sex (M, %) 414 60.0 0.465"
P/H (%) 20.7 20.0 1.000°
Surgery (%) 13.8 20.0 0.636"
PD (%) 0 0 -
NPD (%) 0 40.0 0.003"
Drinking (%) 75.9 90.0 0.653°
Smoking (%) 20.7 0 0.308°
Coffee (%) 93.1 70.0 0.096"

Data shown are mean * standard deviation unless otherwise indicated.

FD: Functional Dyspepsia, HC: Healthy Control, SD: Standard Deviation, BMI: Body Mass Index, SBP: Systolic Blood Pressure, DBP: Diastolic
Blood Pressure, BT: Body Temperature, P/H: Physical History, PD: Prescription Drug, NPD: Non—Prescription Drug, *P { 0.05 vs. Healthy Control,

a, Two Sample #Test, b, Fisher's Exact Test,
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Table 2. Descriptive Characteristics of the Color Parameters of Regions of Interest (ROIs) and Questionnaire Scores,

Total (n=39) Mean+SD Range

Color Parameter Region L* 62.59+4.95 51-74
LU10 a* 14.69+3.06 8-22

b* 12.85+2.94 6-22

Reference Rregion L* 53.1546.65 40-69

a* 17.69+2.99 12-24

b* 16.49+3.33 10-28

GIS 13.51+8.28 0-30

NDI-K 59.28+33.65 0-118
FD-QoL 24.00+15.56 1-54
GSRS 9.334+6.89 0-27
Cold Pattern 4.82+2.70 0-10
Heat Pattern 3.49+2.43 0-9

FRQ 65.21£19.21 20-98
VAS 45.03+18.08 2-70

Data shown are mean * standard deviation,
L* Luminance, a* Red(+)/Green(-) Balance, b* Yellow(+)/Blue(-) Balance,
GIS: Gastrointestinal Symptom Scale, NDI-K: Nepean Dyspepsia Index—Korean Version, FD—QoL: Functional Dyspepsia—related Quality of Life,
GSRS: Gastrointestinal Symptom Rating Scale, Cold Pattern: Cold Subscale of the Cold—Heat Questionnaire, Heat Pattern: Heat Subscale of the
Cold—Heat Questionnaire, FRQ: Food Retention Questionnaire, VAS: Visual Analogue Scale for Dyspeptic Symptoms.

Table 3. Comparison of Questionnaire Scores between 2 Groups,

FD (n=29) HC (n=10) P-value
GIS" 17.24+5.87 2.70+2.79 <0.001°
NDI-K" 73.90+25.12 16.90+11.52 <0.001*
FD-QoL" 28.66+14.71 10.50+8.73 <0.001°
GSRS” 11.97+5.86 1.70+2.58 <0.001°
Cold Pattern” 5.93+1.98 1.60£1.78 <0.001°
Heat Pattern” 4.14+2.23 1.60+2.01 0.005
FRQ" 72.45+13.85 44.20+17.36 <0.001°
VAS' 53.10+9.86 21.60+16.08 <0.001°

Data shown are mean * standard deviation.
GIS: Gastrointestinal Symptom Scale, NDI-K: Nepean Dyspepsia Index—Korean Version, FD—QoL: Functional Dyspepsia—related Quality of Life,
GSRS: Gastrointestinal Symptom Rating Scale, Cold Pattern: Cold Subscale of the Cold—Heat Questionnaire, Heat Pattern: Heat Subscale of the
Cold-Heat Questionnaire, FRQ: Food Retention Questionnaire, VAS: Visual Analogue Scale for Dyspeptic Symptoms, *P { 0.05 vs, Healthy Control,

a. Two Sample +Test, b. Mann—Whitney U Test.

AR E ] e L*¥FHS 62.59+4.95, a*FhS 14.69+3.06,
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Table 4, Comparison of L* a*and 6* Values between 2 Groups
Color parameter FD (n=29) HC (n=10) P-value
Region LU 10 L* 63.41+5.10 60.20+3.73 0.037°
a* 14.7943.19 14.40+2.80 0.731°
b* 13.03£3.26 12.30+1.77 0.672%
Reference Point L* 54.00+6.94 50.70+5.29 0.179°
a* 17.69+3.13 17.70+£2.71 0.993°
b* 16.55+3.63 16.30+2.41 0.922°
Data shown are mean * standard deviation
FD: Functional Dyspepsia, HC: Healthy Control, L* Luminance, a* Red(+)/Green(-) Balance, 6* Yellow(+)/Blue(-) Balance
a, Mann—Whitney U Test, b, Two Sample #Test
Bold values indicate significant P—values,
Table 5. Comparison of L* a*and b* Values in Each Group
Group Color Parameter LU10 Reference Point P-value
FD (n=29) L* 63.41£5.10 54.00+6.94 <0.001°
a* 14.79+3.19 17.69+3.13 0.001°
b* 13.03£3.26 16.55+3.63 <0.001*
HC (n=10) L* 60.20+3.73 50.70+5.29 0.018°
a* 14.404+2.80 17.70+£2.71 0.297*
b* 12.30+1.77 16.30+2.41 0.389°
Data shown are mean * standard deviation
FD: Functional Dyspepsia, HC: Healthy Control, L* Luminance, a* Red(+)/Green(-) Balance, b* Yellow(+)/Blue(-) Balance
a, Two Sample #Test, b, Mann—Whitney U Test,
Bold values indicate significant P—values.
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Table 6. Pearson's Correlations between Color Parameters of LU10 and Questionnaire Scores

. . . . Region
Questionnaire Pearson's Correlation(r) I e ¥
GIS r 0.351 0.067 0.246
P-value 0.028 0.687 0.131
NDI-K r 0.235 -0.021 0.029
Total Score P-value 0.149 0.899 0.859
. r 0.020 0.154 0.061
requency P-value 0.902 0.349 0.713
. r 0.277 -0.081 0.064
Intensity
P-value 0.088 0.625 0.699
Both r 0.365 -0.123 0.074
TSOMEn
OHeromeness P-value 0.022 0.454 0.653
r 0.225 0.006 0.151
FD-QoL
P-value 0.168 0.973 0.358
r 0.207 -0.025 -0.036
GSRS
P-value 0.206 0.880 0.826
r 0.266 0.063 0.208
Cold Pattern
P-value 0.102 0.703 0.204
r 0.175 0.010 0.062
Heat Pattern
P-value 0.287 0.951 0.706
FRQ r 0.182 -0.012 0.101
P-value 0.267 0.941 0.540
274 122 1
VAS r 0.27 0 0.157
P-value 0.091 0.460 0.339

L* Luminance, a* Red(+)/Green(-) Balance, b* Yellow(+)/Blue(-) Balance, GIS: Gastrointestinal Symptom Scale, NDI-K: Nepean Dyspepsia
Index—Korean Version, FD—QoL: Functional Dyspepsia—related Quality of Life, GSRS: Gastrointestinal Symptom Rating Scale, Cold Pattern: Cold
Subscale of the Cold—Heat Questionnaire, Heat Pattern: Heat Subscale of the Cold—Heat Questionnaire, FRQ: Food Retention Questionnaire, VAS:
Visual Analogue Scale for Dyspeptic Symptoms,

Bold values indicate significant P-values and Pearson's correlations at the significant ~-values,

Table 7. Test—retest Reliability of L* a*and 6* Values on LU10

Color Parameter Coefficient of Correlation P-value
L* 0.871 <0.001
a* 0.945 <0.001
b* 0.936 <0.001

L* Luminance, a* Red(+)/Green(-) Balance, b* Yellow(+)/Blue(-) Balance
Analyzed by Pearson's r,
P-value{0.05 is considered as statistically significance,
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Ha sy AFAA 245 udshA] ¥ Y T AHAE e B SAW] & A=A
SO WA FATAANS HUlste] At & S YERHATKTable 7).
AS S48 = dxzae] dERTEE Hrtet AT gzt 7124 BA A A A7, Al
o F-AEG 7] Wi o R ALRE Y, T4 AT &, Aol B8 Ftol A fo)st Aol 7h i &
A= HEEA] Hghslofop o o w oA SA=d|(Table 1), & 9] A" Fe}7lE AFol

Aol ofehdl IS A= aa= W vk 304949 F AT WL AR Helgle
g, ZAEE & g, ojF Wald o2 Aye] xol7p Avel] JFE wHE Aol
S AT H 2§ axle od JEgFs v, 9 AV gEH, 5 s dEdE diY
FRFERlo] ko] FAz FugS AA3= 9 O 3 FIHARI B o] o]Folxfof & Fo R W
28 WA TPe. Ishiwata® s 9)5-71 e = cEth g, AloA] Hole F o] ApolE,
Ae RAEASE FuFaicke] 749 ARF & Al Fkek WA gidAre] b FE8HA ok
gl #ee] ASS HIIEIGl, Takiwaki®= L*, WAehE WARR HofA|al, v] Apope] B8 B
a*ghe JRe] Sk IR, MaAS oW 3 AAl A3 Al AR Vs AFe HEelglenz,
Aok &gtk ® Ao FD SAbto] AR hET oo B Avjels Fudk Ao]® Hojx|=
o Hl&l L*gko] ol oA F-917}F Faesl e, T nfojtk
z29] Ro] Ao WAetE= oz, dhojtH o AT 3 A¥, fAE FEtE o]838te] ofA
2 75 xs TS v7IE ERE) ] Tt g AeEAg Aldste], FD b Az

http://dx.doi.org/10.13048/jkm.16032 35



(336) TiEHete] s3] A|377 A35 (20169 99Y)

ot
=
=T
o
o

1. Lee BK, Park YB, Kim JH. Diagnosis in
Korean Medicine [ I ]; Four Diagnoses. Ist ed.
Seoul: Sungbosa. 1986:41-2.

2. Jang JY, Kang JS, Kim BS. The importance of
nose, eye, and In-dang(FJ%) region in inspecting
color diagnosis. J Resear Cent Korean Med
Daejeon Univ. 2010;19(1):87-98.

3. Hebei Medical University. Translation of
“Yongchukyung”. 1st ed. Beijing: RenminWeisheng
Publication. 1982:70.

4. Lee BK, Park YB, Kim JH. Diagnosis in
Korean Medicine [ I ]; Four Diagnoses. Ist ed.
Seoul: Sungbosa. 1986:96-7.

5. Gwak AC. Translation of “Hwangjenaegyeong
Somun”. Ist ed. Seoul: Euisungdang. 1993:14-28.

36 http://dx.doi.org/10.13048/jkm.16032

10.

11.

12.

13.

14.

15.

Yang YG. Meridian Points in Acupucnture and
Moxibustion. 1st ed. Seoul: Iljongsa. 1992:145-7.
Kim JS, Han GJ, Choi BH, Park JW, Park
KM, Yeo IK, et al. Development of differential
criteria on tongue coating thickness in tongue
diagnosis. Complement Ther Med. 2012;20(5):
316-22.

Park HH, Chung CU. Sasang Constitutional
Diagnosis by Iridology: Comparative Study
with QSCCII Questionaaire. Kor J Orient
Preventive Med Soc. 2008;12(2):131-43.

Do JH, Kim JY. The diagnostic method using
facial information in Sasang Constitutional
diagnosis. Magazine of the IEEK. 2010;37(7):
53-61.

Seo JH, Park YB, Park YJ. Reliable facial
color analysis a digital camera and its
relationship with pathological patterns: A pilot
study. EUJIM. 2014;6(3):322-7.

Drossman DA, Dumitrascu DL. Rome III: New
standard for functional gastrointestinal disorders.
J Gastrointestin Liver Dis. 2006;15:237-24.
Tack J, Talley NJ, Camilleri M, Holtmann

G, Hu P, Malagelada JR, et al. Functional

gastroduodenal disorders. Gastroenterology.
2006;130(5):1466-79.
Otaka [I. Picture color analyzer, 2014;

http://www.isao.com/pica.html. Accessed February
15, 2014

Madisch A, Holtmann G, Mayr G, Vinson B,
Hotz J. Treatment of Functional Dyspepsia
with a Herbal Preparation: A Double-Blind,
Randomized, Placebo-Controlled, Multicenter
Trial. Digestion. 2004;69(1):45-52.

Holtmann G, Gschossmann J, Mayr P, Talley
NJ. A randomized placebo-controlled trial of
simethicone and cisapride for the treatment of

patients with functional dyspepsia. Aliment



16.

17.

18.

19.

20.

21.

22.

23.

24.

Pharmacol Ther. 2002;16(9):1641-8.

Holtmann G, Gschossmann J, Karaus M, Fischer
T, Becker B, Mayr P, et al. Randomised
double-blind comparison of simethicone and
cisapride in functional dyspepsia. Aliment
Pharmacol Ther. 1999;13(11):1459-65.
Svedlund J. Sjodin I, Dotevall G. GSRS - a
clinical scale  for

rating gastrointestinal

symptoms in patients with irritable bowel
syndrome and peptic ulcer disease. Digestive
Disease and Science. 1988;33(2):129-34.
Talley NJ, Haque M, Wyeth JW, Stace NH,
Tytgat GN, Stanghellini V, et al. Development
of a new dyspepsia impact scale: the Nepean
Dyspepsia Index. Aliment Pharmacol Ther.
1999;13(2):225-35.

Lee SY, Choi SC, Cho YK, Choi MG.
Validation of the Nepean dyspepsia index-
Korean version. Kor J Neurogastroenterol Mot.
2003;9:48.

Lee EH, Hahm KB, Lee JH, Park JJ, lee DH,
Kim SK, et al. Development and validation of
a Functional Dyspepsia-Related Quality of Life
(FD-QOL) scale in South Korea. J Gastroenterol
Hepatol. 2006;21:268-74.

Wewers ME, Lowe NK. A critical review of
visual analogue scales in the measurement of
clinical phenomena. ResNursHealth. 1990;13:
227-36.

Park YJ, Lim JS, Park YB. Development of a
valid and reliable food retention questionnaire.
Eur J Integr. Med. 2013;5(5):432-7.

Ryu H, Lee H, Kim H, Kim J. Reliability and
validity of a cold-heat pattern questionnaire for
traditional J Altern
Complement Med. 2010;16(6):663-7.

Shin YXS, Ahn YO, Shin SG, Yoo GY, Park
BJ, Kim CY, et al. The Research Methodology

Chinese  medicine.

25.

26.

27.

28.

29.

30.

31.

A1) ofAd A wal A (337)

in Medicine. 1st ed. Seoul: Division of
Publication in Seoul National University.
1997:123-47.

Dawes M, Davis P, Gray A, Mant J, Seers K,
Snowball R. Evidence-based Practice: A Primer
for health Care Professionals. 2nd ed. Elsevier
Limited. Churchill Livingstone. 2005:167-81.
Joh KH, Toshiaki K. Katsutoshi T, Moon SK,
Ko CN, Kim YS, et al. An Introduction Of
Abdominal Palpation Signs In Japanese Oriental
Medicine -A New Approach To The Practice
Of Abdominal Palpation In Korean Oriental
Medicine-. Korean J Orient Int Med. 1997,
18(1):85-96.

Ghoshal UC, Singh R, Chang FY, Hou X,
Wong BC, Kachintorn U. Epidemiology of
uninvestigated and functional dyspepsia in
Asia: facts and fiction. JNeurogastroenterolMotil.
2011;17(3):235-44.

Yang SY, Lee OY, Bak YT, Jun DW, Lee SP,
Lee SH, et al. Prevalence of gastro-esophageal
reflux disease symptoms and uninvestigated
dyspepsia in Korea: a population-based study.
Dig Dis Sci. 2008;53(1):188-93.

Kim JB, Kim JH, Son CG, Kang WC, Cho
JH. Development of Instrument of Pattern
Identification for Functional Dyspepsia. Korean
J Oriental Physiology & Pathology. 2010;24(6):
1094-8.

Kim HK, Yoon SH, Yoo JM, Jang SY, Lee JS,
Um KH, et al. Association of Skin Sympathetic
Tone or Cardiovascular Reactivity on the
Fatigue Index in Patients with Functional
Dyspepsia. Korean J Orient Int Med.. 2005;
26(2):390-7.

Ko SJ, Lee HJ, Kim SK, Kim MJ, Kim JS,
Lee BJ, et al. Development of the quantitative

indicator of abdominal examination for clinical

http://dx.doi.org/10.13048/jkm.16032 37



(338) HiEkete] sl A|377 35 (20169 99Y)

32.

33.

34.

35.

38

application: A pilot study. J Altern Complement
Med. 2015;21(6):358-63.

Son JY, Kim JS. Diagnostic Values of Tongue
Coating Thickness and Sterno-costal Angle in
Functional Dyspepsia.Korean J Orient Int Med.
2014;35(2):157-74.

Jeon MK, Kim JH, Byun KW, Do JW, Kim
KS, Sohn IC. Characteristics of Acupuncture at
LU0 on Abdominal Thermography of Health
Subject. Korean J Meridian & Acupoint. 2003;
20(2):1-20.

Ahn YJ. Collections of Meridian Acupoints.
Ist ed. Seoul: Sungbosa. 2006: 92-3.

Alaluf S, Atkins D, Barrett K, Blount M,
Carter N, Heath A. The impact of epidermal
melanin on objective measurements of human
skin colour. Pigment cell research. 2002;15(2):
119-26.

http://dx.doi.org/10.13048/jkm.16032

36.

37.

38.

39.

Claridge E, Cotton S, Hall P, Moncrieff M.
From colour to tissue histology: physics-based
interpretation of images of pigmented skin
lesions. Med Image Anal. 2003;7:489-502.
Ishiwata T, Seyama K, Hirao T, Shimada K,
Morio Y, Miura K, et al. Improvement in skin
color achieved by smoking cessation. Int J
Cosmet Sci. 2013;35:191-5.

Takiwaki H, Miyaoka Y, Kohno H, Arase S.
Graphic analysis of the relationship between
skin colour change and variations in the
amounts of melanin and hemoglobin. Skin
research and technology. 2002;8(2):78-83.
Assocation of Department of Gastroenterology
in College of Korean Medicine. Gastroenterology
in Korean Medicine. Ist ed. Seoul: Gunja

Publication. 2009:348-9, 63-4.



