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Association of Tongue Features with Lifestyle and Sleep Quality
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Abstract

Objectives : This study investigated the associations of quantitative tongue diagnosis
features with lifestyle behaviors and sleep quality using a digital tongue imaging system.

Methods : This cross-sectional study included 83 adults aged =19 years. Lifestyle
behaviors, including smoking, alcohol consumption, and coffee consumption, were
assessed, and sleep quality was evaluated using the Korean version of the Pittsburgh
Sleep Quality Index (PSQI-K). Tongue images were acquired using the KTAS-4000 Digital
Tongue Inspection/Diagnosis System. Five quantitative tongue features were analyzed:
Reddish index, Bluish-purple index, tongue coating, yellow tongue coating, and
tooth-mark index. Differences according to lifestyle behaviors and correlations among
lifestyle factors, PSQI-K scores, and tongue features were analyzed.

Results : No significant differences in PSQI-K scores or tongue features were observed
according to smoking or alcohol consumption. The non-coffee group had significantly
higher PSQI-K scores than the coffee group (9.14+1.95 vs. 7.12+2.25, p=0.024), whereas
tongue coating was significantly higher in the coffee group (0.663+£0.217 vs.
0.488+0.200, p=0.043). Significant correlations were observed among several quantitative
tongue features. Notably, the Reddish index was positively correlated with the PSQI-K
score (p=0.219, p=0.047), whereas the other tongue features were not significantly
associated with PSQI-K.

Conclusions : Quantitative tongue features were associated with selected lifestyle
behaviors and sleep quality. In particular, coffee consumption was associated with
differences in tongue coating and PSQI-K scores, while the Reddish index showed a
modest association with poorer sleep quality. These findings provide preliminary
evidence supporting the objective and standardized assessment of digital tongue
features in relation to lifestyle and sleep.

Keywords : Tongue Diagnosis; Tongue Image Analysis; Sleep Quality; PSQI-K; Lifestyle:
Cross-Sectional Study
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3. 499 3 B}

2Ol Ao stojmt DAY 1 £HO A AX|4(Korean version of the Pittsburgh Sleep
Quality Index, PSQI-K)[8]F ©]&3tof H7tstict. PSQI-K+= 2| 17HE &re] A<l
SULGHE Bt =42, F2UA 209 A, SUAEY], 2UARE, BA9 2¥es, &
e, UA AR W R 150N TR d¥er dET 24 999 Age 0-A
3goz FrtEY, 82 0FoA 218 Helolty. 0] =245 09 Ao
gt 2 Aol e PSQI-K 5488 A4F W2 ARgsto] g 2 EA

Ml

ra

4.8 A 54 L HAX=R

59 4R EE "UXE HAVI(KTAS-4000)5 ©]&sted FHAsHAHFig. 1). tiAt=
ALY ol Wt SF AFAAHA W FEioA & G4S ZFIstden, F5H IS
BUlel $ANLRE Olfolel FYHOL LA KTASHON0E & Yol CIE Lab
AP o M 9 Mol APgEe YelA SYL RS, B AjdM: 9%
T (Reddish index), AA}=(Bluish-purple index), Aej%=(Tongue coatmg index), SEj®
(Yellow tongue coating index) ¥ X|&E%(Tooth-mark index)E& £9 AXl X|BZ AFL5}
R[H9,10]. F8ee 29 A Ar, FAr=w 22 A A5 UEHUY, dHss
5 nHo He| A=, FgHi== A9 M A=E UEU = Almolth. Alers HHE
UEtU= Al29 Feg dPAor HIiet Alwolt). 7 A= KTAS-40005 ol AH=¢
ERUS 9453 ¥z ARESte 2AshA

o Jpw

v

O

(A) (B)
Fig. 1. Configuration of the KTAS-4000 Digital Tongue Inspection/Diagnosis System and
an Example of Tongue Analysis Results. (A) Configuration of the KTAS-4000 system. (B)
Representative example of tongue analysis results obtained using the KTAS-4000 system.

A =AYty SHEHY 7|3 Y -8-2] ¥ d](Institutional Review Board, IRB)9]
S 238514 CHIRB No. DSGOH-2025-002). 2& ALCjAAto|A] o1Lo] =}
et molo] me AR Sol ool el Asigon, ApHY AW FoE BE &



E7 242  SPSS program for windows ver. 13.0(IBM Corp. Armonk, NY, USA)
Abgsto] FASHRITH AtdAre] LRt S/ PSQI-K F AAl Xl ¥leet Wias
41t & HXHmean+standard deviation)2 AA|5HcH 5H, 23 U Ho 28
o] wE PSQI-KeF A%l AX|mQ| APol= =PHEE t-testE o] &sto] FASHAL:. & {F

A% % Levene?] S82AHd ZAX(Levene's test) ©o]&3to] &l g}
670 A vl F 18710 tisiAl= Benjamini-Hochberg H“\‘.l FDR HAS %7
or. A% ]-‘E 5709} PSQI-K 7t AFEM 2 Spearman +AMAAS~S AMSsta,
AR shto] HAAYFoz sto] BH-FDR EAS A&stich A7 ;q 7t
Spearman 9 *J?_v‘f—’ﬂ% $‘ﬂ”°i st oo, 107K K]_-H-_ =] 6}491 AR
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Q](pairwise deletion)

Fstdon], P& FopEL p<0.052 A

1. QALelaE §74 2 A48 PSQI-KE AR O] BrHYA
AT & 83902 I 479, o4 36%olglon], W 1Y
A, o 27.89£7.94490k FAAE WA 79, o4 2golglon], &
349, A $8AH 27 4299 34%oldik. PSQIK AL WA
7064176501915} 47 A|E] A REE Table 10] AASHATH

Table 1. Demographic characteristics

Male Female
Sex 47 36
Age 26.260+6.379 27.890+7.938
Smoking Yes/No 7/40 2/34
Drinking Yes/No 39/8 34/2
Coffee Yes/No 42/5 34/2

PSQI-K 7.470+£2.628 7.060+1.756
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Reddish index

Eetel A 30d

Bluish-purple index

Tongue coating index

Yellow tongue coating index

0.530+0.160
0.302+0.067
0.636+0.230

0.213+£0.099

0.515+0.149
0.300+£0.078
0.665+0.207

0.238+0.109

Tooth-mark index 10.851+3.810 11.138+3.287

A oo w2 PSQI-K M| Y| o]
Hof] w2 PSQI-KQ} A%l X|&9] Rlo]& HA BN A}

Qct. EdGtut v|SHE 7P PSQI-K, @55, AALE, A e, SEe 9 XS Lo
Hoz goJst xto]7} YehtA] oFgtch FDRE HASH ghe §o]sh zlo]7t it

o SEA 71

o 1ot
my,
LAY
K
rn
rE

(Table 2).

Table 2. Difference between PSQI-K and Tongue diagnosis depending on smoking(N=9/74)

Levene Now smoking Not smoking BH-FDR
p-value
F p-value (N=9) (N=74)

PSQI-K 1.898 0.172 8.330+£2.784 7.160£2.208 0.148 0.496
Reddish index 0.025 0.876 0.548+0.166 0.520+£0.154 0.613 0.829
Bluish-purple
. 0.636 0.428 0.345%0.098 0.296+0.067 0.072 0.352
index
Tongue coating
. 0.043 0.837 0.676x0.227 0.645+0.220 0.691 0.829
index
Yellow tongue

L 0.545 0.463 0.242£0.112 0.221£0.103 0.579 0.829
coating index
Tooth-mark index 0.566 0.454 10.444+3.045 11.040+3.646 0.640 0.829

T-Test

Homogeneity test is Levene’s test

SD means standard differentiation

BH-FDR means FDR correction based Benjamini-Hochberg

™ means significant at the 0.01 level(2-tailed) / * means significant at the 0.05 level(2-tailed)

3. 9% oj¥o] Wa PSQI-Ket ME EO] &fo]
% ofuo] njz PSQI-Ket AlEl K|&o] Afol2 £A A}, PSQIK, YEE
oI5t Afol7h LFERA] QIokch. BEjEE SRAl

He 9 AEeod 53w eET 7
7Pgol B5EA] ot 0|2 mefstel BAstelon], 2 It Aol SAKo=z gofstx| oot
tHp=0.193). FDRS HWAst 7% 9.0]5t zto]7} gITHTable 3).



Table 3. Difference between PSQI-K and Tongue diagnosis depending on drinking(N=73/10)

Levene NOV.V Not drinking
drinking p-value BH-FDR q

F p-value (N=73) (N=10)
PSQI-K 0.142  0.708  7.290+2.348  7.300+1.889  0.987 0.987
Reddish index 0.132  0.717  0.535+0.151  0.443+0.162  0.078 0.352
Bluish-purple
, 1.794  0.184  0.301£0.074  0.301£0.049  0.978 0.987
index
Tongue coating o1y g8 0.654£0.218 0.606£0.242  0.514 0.829
index
Yellow = tongue  pg5s 01gc 022740.108  0.198+0.056  0.193 0.496
coating index
Tooth-mark

0.838  0.363  10.958+3.501 11.100+4.280  0.908 0.987

index

Student T-Test

Homogeneity test is Levene's test

SD means standard differentiation

BH-FDR means FDR correction based Benjamini-Hochberg

* means significant at the 0.05 level(2-tailed)

4. An] & ojHo T2 PSQI-Kt HZIX| 19| x}o]

71m] 28 oo w2 PSQI-Ke} AXl x|mo] xlo]= BAst A} v 2849 PSQI-K A
e 9.142+1.9528 02 289 7.118+2.250 Bt GolahA EdrHp=0.024). A x| &%
FolAe An 8w9 MEf=s 0.663+0.2172 H]-3-89] 0.488+0.2008ct A LR
ChHp=0.043). ol2feh Ato]= B5 Fo|pFoM A= glont, thEsluo] et BH-FDR 27

Sol EAK 9ol4o] SR ot che

QFtHTable 4).

A7 R woAlM = 2Rt Afol7h =RJAH A ¢

Table 4. Difference between PSQI-K and Tongue diagnosis depending on coffee
drinking(N=76/7)
Levene Now drink Not drink
coffee coffee p-value BH-FDR q
F p-valu
o (N=76) (N=7)
PSQI-K 0.431 0514  7.118+2.250  9.142+1.952  0.024" 0.352
Reddish index 0.492 0485  0.521+0.157  0.550+0.140  0.646 0.829
Bluish-purple 5./9 056 0303:0074 0283:0032  0.522 0.829
index
Tongue coating 40/ (549 0663+0217 048840200  0.043° 0.352

index
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Yellow tongue 12.82

W 0.001  0.225+0.108  0.207+0.012  0.170 0.496
coating index 4

Tooth-mark 01 (gg5 1092143569 11.571+3.866  0.648 0.829
index

T-Test

Homogeneity test is Levene's test
SD means standard differentiation
BH-FDR means FDR correction based Benjamini-Hochberg

*

means significant at the 0.05 level(2-tailed)

5. 23X = 9] HBY 24

OAE 3712 S4a 50 AR AL 7he] AHEde WAE Zuh Aol Ay, M o
4y B AR AbldA R AEE BEEdth gEer Ae|E(e=-0.396,
q=0.001) % AALE(p=-0.246, q=0.044)%t §oIF o HTUAS Uehyon, Feh=(o
=0.258, q=0.037)9H I3 o] HTTAS BTk YA ME|w(p=0.589, q<0.001)
U RIEE(p=0.263, q=0.037)2} §o3 Yo AWAAS Uepdct. EF Mejeet e A}
olol M= golat oo AUUA} AT AHp=0.314, q=0.014). oIS FTUAL BH-FDR
B4 Fole BN ool gAlElglon, gAY MRoe S AU-Ae-4P) HYA

ol

A

A& Atolof] g3 Aat/do] ExjF-S &elst

aoZ2 1w

r
r
=

Table 5. Correlation analysis between Tongue diagnosis

Yellow

Reddish Blue Tongue tongue Tooth-mar
coating . .
index index index cpatlng k index
index

Spearman p 1 -0.246 -0.396 0.258 -0.255

Reddish p-value 0.026" 0.000"" 0.018" 0.041"

index BH-FDR q 0.044" 0.001"" 0.037" 0.059

Valid N 82 82 83 83

Spearman p 1 0.589 0.191 0.263

Blue p-value 0.000™ 0.085 0.018"

index BH-FDR q 0.000™" 0.100 0.037"

Valid N 81 82 82

Spearman p 1 0.314 0.188

Tongue p-value 0.004™ 0.090
coating

index BH-FDR q 0.014" 0.100

Valid N 82 82

Yellow Spearman p 1 0.110

tongue p-value 0.321
coating

index BH-FDR q 0.321
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Valid N 83

BH-FDR means FDR correction based Benjamini-Hochberg

Correlation is significant at the 0.01 level(2-tailed)

Correlation is significant at the 0.05 level(2-tailed)

, AP, AP e PSQI-K & &4
W, A% o gZEel 290 A o] BHS Wrish] Ystol Spearman 9IAHE
S A|385t9tHTable 6). 24 ZAxab, Ad¥H(p=-0.020, p=0.860), H=3(p=0.057, p=0.612),
o] ¥(p=-0.145, p=0.191) ¥ &% o(p=0.032, p=0.772) PSQI-K 49} S0
2 9o AUBAS UehyR 2t
£ PSQI-K 40t golgh ofo] AFITAS LRI 0] (0=0.284, p=0.009),
BH-FDR ¥4 $ol= EAH §ojdo] §AIE9rhq=0.046). o= £ %7
oA Woieh AR sted Fin &8 ofss} Luio] Ayl gold FANS U 2]
ioqft% 5 28 099} PSQLK K4 Aolel ARVAL ENL HA Fols £

rr

E
qoz gostgion], Ay, d¥ U e AYES DI BANE QA 9AHY
of. ol An S8 ofRot £uol U Aojo] SPel ANl FANY 5L HolFE

Ztolr},

Table 6. Correlation analysis among sex, age, life behavior and PSQI-K

valid N Spearman p p-value BH-FDR q

Sex 83 -0.020 0.860 0.860
Age 82 0.057 0.612 0.860
Smoke 83 -0.145 0.191 0.479
Drink 83 0.032 0.772 0.860
Coffee 83 0.284 0.009™ 0.046"

BH-FDR means FDR correction based Benjamini-Hochberg
Correlation is significant at the 0.01 level(2-tailed)
Correlation is significant at the 0.05 level(2-tailed)

7. A% A|®me} PSQI-K 4 &4

AR A met £HO A 7he] WS HIIsH] {5t Spearman &Y AdHEAZ A5t
A Table 7). B4 Ay}, @S % (Reddish index)= PSQI-K A9} <oFsh ko] AMGUAES
UEH 00 (p=0.219, p=0.047), B5 FoaFolA SARCE FoJsiitt. ot 57) AXl A
2o Ojgk o5bB|wE 12{sto] BH-FDR BA& A&st Ay, AR fod2 fAIEA o
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9rthHq=0.234).

O 2 AR A ®EQ AHARF=(Bluish-purple index, p=0.058, p=0.604, q=0.659), AEH®=
(Tongue coating index, p=-0.050, p=0.659, q=0.659), HEjZ(Yellow tongue coating
index, p=0.061, p=0.580, g=0.659) ¥ X|&%(Tooth-mark index, p=-0.185, p=0.094,
a=0.234) PSQI-K 49} SAX O Qo3 JUBAS Lexl ok,

Table 7. Correlation between Tongue diagnosis and PSQI-K

valid N Spearman p p-value BH-FDR ¢

Reddish index 83 0.219 0.047 0.234
Bluish-purple index 82 0.058 0.604 0.659
Tongue coating index 82 -0.050 0.659 0.659
Yellow tongue coating index 83 0.061 0.580 0.659
Tooth-mark index 83 -0.185 0.094 0.234

BH-FDR means FDR correction based Benjamini-Hochberg
**.  Correlation is significant at the 0.01 level(2-tailed)
. Correlation is significant at the 0.05 level(2-tailed)
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