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Trends in Tongue Color and Heart Rate Variability in Chronic Dyspepsia Patients

Ji-hye Kim, Chang-jin Jeong, Keun-ho Kim
KM Fundamental Research Division, Korea Institute of Oriental Medicine

ABSTRACT

Objectives: From observing the tongue of a patient, one can assess the health status; this method has been frequently
used in traditional Korean Medicine (KM) clinics. In particular, KM posits that the color of the tongue is highly related to
digestive functions. In this study, the color of tongue and heart rate variability (HRV) were compared between chronic

dyspepsia (CD) patients and healthy subjects.

Methods: Healthy subjects and CD patients with functional dyspepsia (FD), gastroesophageal reflux disease (GERD), or
chronic gastritis (CG) were enrolled for the study. Profile view images of the tongue were acquired by using a computerized
tongue image acquisition system (CTIS). The color of the tongue body was extracted from the non-coated region on the

tongue images.

Results: Color differences in CIE L#a*b* color space between the three sub-types of CD patients and healthy subjects
were analyzed by using multiple linear regression analysis with age and sex as the factors. The variable b* was significantly
lower in GERD patients than in the controls (p=0.017). Variable a* was significantly lower in CG than in the controls
(p=0.03). No significant difference was seen between FD and controls. In GERD, the tongue body seems to be intense red in
color; in CG, pale red. Frequency domain analysis showed that HF was significantly lower in GERD patients than in the

controls (p=0.041).

Conclusions: The color of the tongue body and HF of HRV can be used for diagnosing digestive functions in health care.

Key words: functional dyspepsia, gastroesophageal reflux disease (GERD), chronic gastritis, heart rate variability (HRV),

tongue diagnosis
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Table 1. Inclusion and Exclusion Criteria

Inclusion criteria

@ Males and females above the age of 20
@ Those who have no problem communication
@ Those who have undergone the chronic dyspepsia diagnosis at least six months ago
@ Dyspepsia, chronic gastritis, gastroesophageal reflux disease (GERD) patients
(® Those who consented to participation in this trial and signed an informed consent statement after
listening to clear explanation of this clinical trial’s purpose and characteristics
Exclusion criteria
@ Those who have a serious disease except for chronic dyspepsia

@ Those with difficulty imposing a strict restriction on any oral activities (such as eating, brushing teeth,
etc.) for at least 4 hours

@ Pregnant and mental patients
@ Others who clinical trial conductors consider inappropriate for participating in this trial
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‘ Participant Recruitment ‘
v

‘ Screening by Inclusion and Exclusion Criteria ‘

¥

‘ Participant (N=72) with Written Informed Consent ‘
Y

Chronic dyspepsia patients (n=60)

‘ ‘ Enrolment ‘

Group D
Group A Group B Group C

Allocation

Healthy subjects
Functional Gastroesophageal Chronic group

dyspepsia reflux disease Gastritis (n=12)

v

‘ Acquisition of the Tongue Image ‘

v

‘ Measurement of the Heart Rate Variability ‘
¥

‘ Completion of Clinical Study ‘

v

Qutcomes Assessment (N=69)

Excluded from Analysis {(give reasons) (N=3)

‘ Analysis ‘ ‘ Measulanent‘ ‘

Fig. 1. Flow chart of clinical study.
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1) A 94 293X (Computerized tongue image
acquisition system, CTIS)
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Fig. 3. Criteria of the samplingj for measurement
of the tongue body colour.

According to three lines, which evenly divide
the tongue region vertically, the A, B, and C
were defined for sampling regions.
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(Heart rate variability, HRV)
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Table 2. Age and Sex Distribution in Subjects

(N=72)
. Controls Patients
Variable (1=12)  (n=60) Total p-value
Age 4258 40.00 40.43 0534

+1493  +1273  +1304

. Mde 3 (250) 10 (167) 13 (181

Female 9 (75.0) 50 (83.3) 59 (81.9)

. 16200 16202 16201

Height 1110 w777 sy 099
6000 5975 5979

Weight 7o) 4012 :9g9 09%3

Data are represented as the meanststandard deviation
or as numbers of participants and proportions; N (%)
for continuous and categorical variables, respectively.
x 1 p<0.05, + 1 p<0.01

S 0.559
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Table 3. Comparing CTIS Colour Values between Controls and Chronic Dyspepsia Patients (N=69)

Variable Controls (n=11) FD (n=23) GERD (n=13)  Gastritis (n=22) F F (Sex)
CIE L 26.45+0.83 25.30+0.65 24.98+0.80 25.47+0.64 0.66 T 445
CIE a 25.36£0.72 23.53+0.56 23.98+0.69 2350+0.55 1.8 6.01%
CIE b 28.24+0.94 26.690.72 25.40+0.90 27.01+0.71 1.80 1.09

Data are represented as the means+standard error as numbers of participants and proportions.
FD : functional dyspepsia, GERD : gastroesophageal reflux disease

* 1 p<0.05, *#* - p<0.01

L3 YEsTtHTable 4).

Table 4. Comparing CTIS Colour Values between
Controls and FD Patients (N=34)

. Controls FD F
entlle o) m=23) © (Sex)
CIEL 2655£0.83 2345074 114 234
CIE a 2551+0.79 2377066 355 1.08
CIEb 2829+1.04 26.78+0.88 155 0.26

Data are represented as the meanststandard error as
numbers of participants and proportions.

FD : functional dyspepsia

x 1 p<0.05, *+ 1 p<0.01
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Table 5. Comparing CTIS Colour Values between
Controls and GERD Patients (N=24)

] Controls GERD
Varldle (n=11) (n=13)

CIEL 2616081

F
i (Sex)
2453082 243 807
CIE a 2521+093 2375+094 151 289
CIE b 2793£091 2493£092 6.63+ 269

Data are represented as the meanststandard error as
numbers of participants and proportions.

GERD : gastroesophageal reflux disease

* 1 p<0.05, #* : p<0.01
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Table 6. Comparing CTIS Colour Values between
Controls and CG Patients (N=33)

. Controls CG F
Vietaisle (n=11) (n=22) w (Sex)
CIEL 2619+090 2510+0.72 106 835
CIE a 25174073  2323+058 5.16% 7.44%*
CIEb 2803089 2672071 158 261

Data are represented as the means+standard error as
numbers of participants and proportions.

CG : chronic gastritis

x 1 p<0.05, =+ 1 p<0.01
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Table 7. Comparing HRV between Controls and Chronic Dyspepsia Patients (N=69)
Variable Controls (n=11) FD (n=23) GERD (n=13) Gastritis (n=22)  p-value
Total power 6.98+0.51 7121068 6.54+1.10 6.57+1.11 0.197
VLF 6.23:041 6.29+0.89 587+1.4 579+1.17 0417
LF norm 55.71+19.34 57.58+21.43 64.22x1590 54.28+2053 0522
HF norm 44.29+19.34 424242143 36.73t15.90 457242053 0522
LF 5.66+0.78 572090 5.1541.39 502+1.12 0.179
HF 5.39+0.80 5.3510.88 450+1.14 475£1.83 0.18
LE/HF Ratio 1.85+1.65 2424312 241+1.60 3.19+753 0.928

Data are represented as the meanststandard deviation as numbers of participants and proportions.
FD : functional dyspepsia, GERD : gastroesophageal reflux disease

1 p<0.05, = p<0.01
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Table 8. Comparing HRV between Controls and
FD Patients (N=34)

Controls FD

Variable (n=11) (n=23) p-value
Total power  6.98+0.51 7122068 054
VLF 6.23£041  6.29+0.89 0.791
LF norm 55.71+£19.34 5758+21.43 0.808
HF norm 442941934 424242143 0.808
LF 566£0.78  572£090 084
HF 539+0.80  5.35+0.88 0918
LEF/HF Ratio 18+165  242+312 0575

Data are represented as the meanststandard deviation
as numbers of participants and proportions.

FD : functional dyspepsia

x 1 p<0.05, #* : p<0.01



Table 9. Comparing HRV between Controls and
GERD Patients (N=24)

. Controls GERD
Vs (n=11) (n=13)
Total power 698+051  654£1.10 0.244
VLF 6.23+041  587+1.04 0265

LF norm 55711934 64.22+1590 0.249
HF norm  44.29+19.34 35781590 0.258
LF 566078  5.15+1.39  0.290

HF 539£080  450£1.14  0.041=
LEF/HF Ratio 185t165  241+160 0409

Data are represented as the means+standard deviation
as numbers of participants and proportions.

GERD : gastroesophageal reflux disease

x 1 p<0.05, *#+  p<0.01

p-value

al
AT 7RI 7He] Aeho|k Fak
AARE Bwdt A¥ total poweret VLF,
LF norm, LF, HF& 3 $19o] A4 Yege
™, HF normTJr LF/HF ratio= A7ZdlZTo]l H
= BHoth 22 SAHCE Fo3 A
HE = SIS THTable 10).

Table 10. Comparing HRV between Controls and
CG Patients (N=33)

Ve G o
Total power 693+051  657+#1.11  0.160
VLF 6.23+0.41 579+1.17 0122
LF norm  55.71+19.34 54.28+2053 0.849
HF norm  44.29+1934 45722053 0.849
LF 566078  5.02+1.12  0.098
HF 539+080 4754183 0174
LF/HF Ratio 1.8+165 319753 0566

Data are represented as the means+standard deviation
as numbers of participants and proportions.

CG : chronic gastritis

x1 p<0.05, #+  p<0.01
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Fig. 4. Representation of tongue body color in CIE
Lab Colour Space.

In GERD, the colour of the tongue body seems
to be changed to intense red colour (CIE b
decrease).

In chronic gastritis, the colour of the tongue
body seems to be changed to pale red colour
(CIE a* decrease).
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