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PURPOSE The purpose of this study was to examine the effect of visual color
perception on autonomic nervous activity and exercise capacity in healthy male
college students. METHODS The subjects who were healthy male college student
(n=10) were participated in 4 visual colors using by randomized crossover; clear color
group (CG), red color group (RG), blue color group (BG) and green color group (GG).
All subjects wore goggles for five minutes prior to the exercise to adjust to color, and

they did not take off goggles until recovery after exercise. Significant differences
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between groups were determined by two-way repeated measures ANOVA. RESULTS
As a result of this study, the low frequency (LF) was significantly higher in RG than
those in GG. But the high frequency (HF) was significant higher in BG compared
to GG. Exercise capacity such as maximum strength, muscle endurance, reaction
time, power, agility and aerobic performance did not differ significantly between
all groups. CONCLUSIONS Therefore, our findings suggested that perception of

the visual color might be change autonomic nervous activity, while don't influence
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exercise capacity.
WA AR I3t LIRS,

ME
12 mpgo] whet X-A(X-ray), A, 7HA3A, LA, vlo]3 20k
(microwave)2 ERFEH, o] F 7FAFAL Q17to] Q1A
9] HYE 9Ju]stk(Sliney, 2002). 7FA3gA410]
H A3A|ZE(cone photoreceptor)7} B9] ub3o]
ot 3(450~495nm), 2E(495~570nm), "E7F(620~780nm)= =t
7ol YIS sl 39N o R Z17ho] 1Rt uE VERATHLE &
DeVries, 2004).

olzjgt o] w2 M| AJZFARI A2 o A - AEd JF
uX]E A0R HIE glow, &A1 A (autonomic nervous
system)i= M| A= TIztelA whgsh= AAEA 291 5 shtolth
(Wilms & Oberfeld, 2018; Yuda et al., 2019). A&AAA= w7t
A7 (sympathetic nervous system)¥} F-171417(parasympathetic
nervous system)Q 2 JHEEM, o] F A7 9] DA wo) w45 4
28-S Bl AW S FAskE 9 SrkLauer, 2009).

o5 9 A Eopollis A&AAFA L] GHEE HBMHo|E(Heart
Rate Variability, HRV) AARE B0l &elgic}. AdlHolz HAR= 4173
-0 HighE HIGA Q] o R ST & Fukr ATt A7
of wiet Aehdol s EAsk= ol Sk FHLS AFu F
(Low Frequency, LF), 253} 4 F(High Frequency, HF), AF1te} 17

O

=

ZF1}9] vl €(Low and High Frequency ratio, LF/HFr& E4I511L, A
7+ 492 R-R 74 9] EFHAKStandard Deviation of the Node to
Node intervals, SDNN), R-R 7+4 #}o]9] 3+t A|E-(square root of
the mean squared difference of successive R-R intervals, RMSSD)
< A% A BE Y Fuke 99 2 AT 49 B2 n4lA
I B9 SHEE 5T 5 Sl ARE AFHSEHTKSztajzel,
2004).

AgPAto] w2 MO wpto] w2 AlZF =2 AEAFA Y] W
S fFEol= Ao 2 RIS Chen et al., 2011; Ross et al.,
2013). oot Mz 5 WIS WIS E/d3HA]7]#(Okano et
al., 2015; Sroykham et al., 2014), Tt} 24 By AL S
A7 Ao Z B tH(Van den Berg et al., 2015). o]&{3t
AEAAA 9 Hdl= S 2 810 w4l 242
AR A7 I, R4l S AukeE Al
(Ulrich-Lai & Herman, 2009).

AEAB A= A B9 ofy 2} @55k 9= PlA=
2 4EA Utk Gladwell et al.(2005)2 I3 E -5 Al
73o] JA= L wF4lFG o] EAstE o] AT AL R
= FAA7IAL, A 877 S710] I AR 582
11 HI8FATHBunno et al., 2015; Fisher, 2014). T3t Buchheit &
Gindre(2006)Z FAIAA 25590] =245 v|F4170] A=H o
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E.

4 34, 2408 Agie] 4204 B} 5% Ak
T EA) 2 5 thRte] MRS oR Q

T 2E 249} sP7] sl RS 27 1] HAS FaL Aol &
ofaloict. RE TRl A Fofol @A gl oie Bre 49
2 W5 BSOS AYNES Sg00, Aol P P9
5]9] 5<A(INU-IRB-2020-054) 3kth £ A7 dAE2] 542
(Table 1)} 2},
Table 1. The characteristics of subjects. (Mean = SD)
Variable Mean+SD
Age (yrs) 23.2+1.7
Height (cm) 17243.9
Weight (kg) 73.3£7.1
Fat mass (kg) 14.1£5.0
%Fat (%) 18.8+4.6
FFM (kg) 59.3+3.1
BMI (kg/m?) 24.9+2.9

%Fat, Percent fat mass; FFM, Fat free mass; BMI, Body mass index

Ao;ﬂ
S|

£ AtoAs 250k B¢ A Aol mE 552 HskE gRlst
1 Qlste] Frgago] Wt migbdl 28 AR kg RSkt 7t
129 Ao tfst IR UV-Visible Spectrophotometer (Evolution
201, Thermo Fisher Scientific, Madison, US)& AR&-5lo] =753
o, T 450nm~495nm, ZEH 495nm~570nm, B
620nm~780nm] L ehfo] BE o] 2af Alo] 1 W)
Yol 98-S 01619t} BE gARES A ALo] H-8A 7t ule}
5 A 58 o) 13 Rgsjo] Aof it 4 T £5E Al
o &5 T JEI|7HA] 11ZFL A5 tHMoharreri et al., 2011).
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ATHIAES 24 oAl A A HHEste] AT} AEZ As
AAE 277]1(DS-103M, Dong San Jenix, Seoul, Korea)g AFE-
sto] 2A519 1, APE-S AA =K Fat mass), AAHE(Percent Fat
mass; %Fat mass), AAL=H(Fat-Free Mass; FFEM), A& A4 (Body
Mass Index; BMDE AAEE47|(Inbody 720, Inbody, Seoul,
Korea)& =753t}

2. SHHE AF] HAL

ST ARIC 38 =0} 50cm 0] HFIAS 120bpmo] £ E Q
2 § &5 T= AFEEEH 18~12 30%, 28~28 30%, 3E~38
3029 AutrE =451o] XA E-&X]5(Physical Efficiency Index,
PEDE 4H&EstoiTt

3. Aol &7

AlEbo|k 2742 P tiAES AUl E 22~25°C, Fk 40~45
%E FAH AF A 308 Aol 30% Hof| AP ZASHEE 513
o, 9jate] oo} FE3t FAZ F3 T HA| &7 WA
(uBioMacpa pro, Biosense Creative Co., Seoul, Korea)S H-2}5
of Adrsio| =g S5ttt EE WIAEE S Al SHHE AF] |
AE AH, AT, FA 37, 58, 15800 Ao =8 S4s19leH, &
4 Sl ATt QALD), 153 FAHE), AFuket 15uto] vig
(LF/HP), R-R 7+49] ®FHAHSDNN), R-R 7H4 2fo]9] Bt Alg
(RMSSD)Y& #4519t} L= w4174, HFSF RMSSD+= Fuit4l3
o] 2= o VIRt SDNN2 X414 A9 2858S Qv
5}, LF/HF= 274143 2w 7ka749] #3982 9usitHLombardi,
2002).

4. Ah:ﬂ-/\ 9_]. _9_51]-71-5 z;ﬂ

Au]-/\g}.r.ix].ﬂgh o]—z% A] o].};ﬂ: /\Elt] Eﬂ/\E 7\11{ _1_‘c;‘>_ ‘T&rﬁ‘
35 S5E 1580 2431}t 2FAEE Borg(1962)7) 73t 25
X]—7]-E ‘A'-]EE O]_Q_o]-oq =] o]—Oﬂ 013:1 /\hi]—/'\l— kel T;H_Q_ Ald 4— é} 7;“
(PEH, Polor-Elector; Ky, Finland)& g5 2}-&5}o] 74359t

5.8% 245k 54
G5 24 s HY Al SHHE AF HAE 29 74 37 5,
158 3o AE7|9} XA EH FE(Capillary tube, EKF Dianostics,

Magdeburg, Germany)Z ©]-&3lo] 13] & 2019 €A 3|5}
Fon ZAEA7|(Biosen C_line, EKF Dianostics, Magdeburg,
Germany)& 18310l 21212t dole] B2 B4 FEE B4

6. 559 3%

Aol w2 2558 =4 6‘HHH = 28 5 oY, gEYoer]

7], A2, yardstick AL, 2] =0]97], ﬂ}ol‘: 2El(Side step test)
S Aot okl o XlEa o} A|(T.K.K.5401, TAKEI, Niigata,
Japan)E o]-85to] $-A|<9] et (kg)yS &45IAt HEL 277
L 127 o whR s 2ol AT 29 93t yardstick
AR Aol ZEAE 90°% B8 IAHAIZ F AR|9F AAE o]85}
of HolAi= A5 Htheh ] F=E st o, A5 ok b A
(cm)yE &7ttt =3 EolH71= "UAE 3 J=Z(DW 771A,
DSI, Incheon, Korea)& ©l8sto] Hdf &ol(cm)E 23] &35t 2
A 7SS Aol 2”2 54 7|E0E 202 Bt F 2
Ag Y s sto] 747t A B3Rt 345 2459k
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7. A A

E 7= IBM SPSS Statistics 24.0 2138 ARg-sto] Z- HQl
9] HHFMean)@ FZH2KStandard deviation)S AF&35HITh Ak
7k, 7] 2] A3 ARE-Z EA5H] e oY WHESA EARRA (Two-
way repeated ANOVA)S AAJetH o, = MRl Xt 7 Zjo]
E 245171 Sl QA ¥HEE EAHEA(One-way repeated
measures ANOVA)Z AHESFAITH A S-S TukeyE AHESFA M,
RE 249 BAA Fo5Ed p .05E A5k

Ao w2 Aol s

Ajo] whE Aol 1S} A= (Table 2)9F 2. Li= A9 2t 7<)

A71o1A BAA o3t Zpo|7}F UERK(F=101.403, p=.001), LLHl=]
RS Ak AR 23 25 A3 A 7F frolRt Ao|7 LEr
Wow(F=3.521, p=.025), A4S A3 25 A5 RG7F GGl Hlsh =
2 208 eyt

HF= e 71 393 Zpo|7F UhehbA] ok o (F=.891, p=.455), H

3 Folgt Zol7} ERA] ekkth(F=1.107,

p=.363). SHAYE &7 AJ7]0A BAIE fefgt 2to]7F LERH(F=99.899,

p=.001) LA THES BARRS S AASH A3t 25 2d g 7k

Frefgt 2kl 7k YRt o m(F=3.055, p=.041), AF-AZ A3 BG7t GG
of] Bl 2 A o2 YEsict

LF/HF= A 7393k 2jo]7F YehdA] qkoH(F=.719, p=.547),
qetzk A7) 2F Aoz-g agoME f-o)gk xfol 7 EfhA] ook
thF=.228, p=.990). 57 Al7I°IAl 23t Ato]7} Uehh(F=9.853,
p=.001) YL FHEZ7g EARRAS A oH ot ek 2k f-oleh &
o]7F ehA] 2THF=.667, p=.578).

SNDDE ¢ 7t R-9J8t Zpo] 7k VebA] 99tom(F=.154, p=.927),
Jekat A7) 7t 4528 it A §ofgh Zfol 7} LehhA] Feket
(F=1.632, p=.109). &7 A71°1A 523t Zpo|7F Uehh(F=122.342,
p=.001) Y| WHEZA FAREAS AAIsH) ot ok 2t 323t 2}
o7k trehtR] 9keH(F=.930, p=.436). RMSSDE Jt 7+ -2et 2jo]
7HUERER] oF9koH(F=.383, p=.766), W} Al7] 2F 528 a3to]
A= oIt 2po)7F YEPA] QEQEtH(F=.544, p=.743). &7 Al7|olA] &+
O3t Ajo]7F YGERKF=77.445, p=.001) YLuA] HHE=7 BAREAS
AR o ek 7F 5013k o7} LreERER] QI9keH(F=.941, p=.431).

Table 2. The change of heart rate variability (Mean + SD)
Variable Group Rest Pre Post Recovery 3min Recovery Smin ~ Recovery 15min F-value
CG 7.9+0.4 7.8+0.6 9.3+0.6 7.1+0.8 7.1£0.6 7.9£0.6 G o
LF RG 7.6£0.5  8.1£0.5%  9.4+0.4 7.0£0.5 7.3+0.6 7.6+0.8 '
P 101.403%%*
(nu) BG 8.140.5 8.0£0.2 9.4+0.4 6.840.9 7.3+1.0 7.6+0.7
GxP 1426
GG 7.740.8 7.540.5 9.240.7 7.1+0.4 7.4+0.6 7.640.5
CG 7.0£0.4 6.9+0.4 8.1+0.7 5.8+0.9 5.8+0.6 6.3£0.5 G -
HF RG 6.740.5 6.9£0.6 8.0+0.3 5.6£0.7 5.7£0.6 5.940.5 ’
P 99.899%**
(nu) BG 71406 7.2+04%  8.1+0.4 5.4+0.8 6.0+0.6 6.1+0.6 G 1107
X .
GG 6.6+£0.5 6.5£0.4 8.0+0.7 5.9£0.7 6.0+0.8 6.240.7
CG 1.120.1 1.120.1 1.240.1 1.240.1 1.2+0.1 1.3£0.2 G -
RG 1.240.1 1.240.1 1.240.1 1.30.1 1.3+0.1 1.30.1 )
LFOH{F P 9.853%kx
(%) BG 1.2+0.1 1.1+0.1 1.2+0.1 1.3+0.2 1.240.1 1.240.1
GxP 228
GG 1.240.1 1.120.1 1.240.1 1.220.1 1.3£0.1 1.320.1
CG  63.1+19.1 61.5£19.3 55.3+18.2 24.5+13.7 22.0+10.5 34.6+13.6 G 154
SDNN RG 5544192 68.2+420.5 52.2+15.2 19.745.6 22.0+6.8 32.3+12.0 > 122'342***
(ms) BG 7254243 64.2+172 55.5+153 21.949.2 23.6+8.6 35.0+16.2 P 1 63
x .
GG 59.5426.0 54.1£20.7  55.1+8.3 24.7+8.7 27.2+13.2 37.6+19.8
CG  414+184 40.0+155 123479 11.5+5.7 12.1+4.7 15.0+7.3 G 183
RG  40.0£19.4 458+22.1 93423 9.0£2.8 11.1£5.0 17.3+8.4 )
RMSSD P 77.445%%*
(ms) BG  51.0£23.1 51.2426.5 10.1£3.0 10.5+3.3 12.0+3.2 19.9£11.0 Gxp 544
GG 46.529.9 45.0+28.8  12.0+3.7 13.249.2 16.1£15.2 16.0+3.0 ’

CG, Clear glass group; RG, Red glass group; BG, Blue glass group; GG, Green glass group; LF, Low frequency; HF, High frequency; LF/HF,
Low and high frequency ratio; SDNN, Standard deviation of the node to node intervals; RMSSD, Square root of the mean squared difference

of successive R-R intervals; ***p<.001; I Difference in Green glasses
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o] 2 Ak L S FAZE e

Aof| w2 Ak 9 2 FAZE Wsto] Ayk= (Table 33t 2t 4ldt
= JAoka A7) 7 A5 AR AINF=3.423, p=.003)8-2J3t Z}o|7}F Lt
Ehyton, Aok 7k 8-015KF=0.420, p=.740) Zo]= ehtz] 9ot} st
A9 274 Al71o1A G2t Zfol7F rERH(F=923.031, p=.001) YHHH
2] BAREAS AXSIGTE AT 24 Al7|ol|A] 3-9]gt Ato] 7t YrEet
SO H(F=3.759, p=.019), A4S A3t 25 25 RG7t CGOl B3l 1
OJ5HA 2 A= Yehth 5AEe] 24 A Yok 2t F-0l3h 2}
o]= YRR Q9kTHF=.343, p=.794). et} Al7] 7+ AJ5 2k A3t
Az §-9J5t 2fo) 7} YRR (9ktHF=.982, p=.452). &7 Al7]01A &
I3k Aol 7} YERLK(F=429.983, p=.001) Y Lu*] HHE=4 AR M-S
AASE ot ek 7F -] gh Zfo] 7} YERA] Q9kTHF=.475, p=.702).

Aol 2 BRI} W3}

Ao] w2 AT HAIM= (Table 33 2t} 2B B42
I A 2 FofRt Apole HERFA] BAUTHE=.343, p=.794). R} A]
7] 3t 422G Aol E ol Zo)7h UEhA] ITHE=.982,
p=.452). 74 Al71°0A R-olet Zol7} e H(F=429.983, p=.001) &

dHA] SRS EAREAS AAletE o Hd 7 {28t Apol7t viet
UA] L9IHE=.475, p=.702).

o] i 83 24 S WSt

(Table 4)& Ao 2 &% 24} I Wslo] Hst AFjolc}, 5 &
At B A 2F Folg Zol7t YA Fom(F=.382, p=.767),
Hekat A7) 7F 4528 gt Az §ogh Zfol 7t ehtA] okt
(F=.618, p=.730). &7 Al7INA gk 2to]7F Vebh(F=203.428,
p=.001) LA ¥HEE7g BARAS HAsHl o Ad 71 felgh
2ol 7} rehbA] Qk9tTh(F=.343, p=.795).

o] 2 255

(Table 5)= Mol W2 553 Azto|tt. oF=(F=0.114, p=.951),
2 07]7](F=0.534, p=.662), yardstick AAKF=1.268, p=.300), I
2] £0]%7](F=0.022, p=.995), Ato]= ARI(F=0.582, p=.630), SFH=
AE1S 531 XA §-8X]5(Physical Efficiency Index, PE)(F=0.324,
p=.808) 57847 2% It 7k ROl Aol E Holx] gttt

Table 3. The change of heart rate and RPE (Mean + SD)
Variable Group Rest Pre Post Recovery 3min Recovery Smin ~ Recovery 15min F-value
CG 73.18.3 76.1£7.5 145.4+19.5 111.5+14.5 101.3+12.7 90.4+12.2 0
Heart rate RG 73.6£7.9 73.4+7.5 164.6+9.67 111.1£12.3 103.5+10.7 91.4+9.1 P 961.104***
(bpm) BG  73.7£9.4  742+103 1549+134  107.1£12.3 98.2412.2 89.8+12.4 i
GxP  3.332%**
GG 72.5£11.6  72.7+11.3  159.1+6.8 107.7+£10.9 98.4+8.6 89.2+10.7
CG 6.4+0.5 6.5+0.5 15.4£1.9 12.1£2.2 10.0£1.8 7.5+1.2 G 147
RPE RG 6.4+0.5 6.6+0.5 16.3+1.7 12.7+1.8 10.5+1.5 7.5+1.0 ’
P 441.943%**
(score) BG 6.6+0.6 6.4+0.5  16.0£1.8 12.241.5 10.0£1.5 7.540.7 Gp 63
GG 6.6+0.5 6.5+0.5 15.8+1.5 11.6+2.2 9.3+1.7 7.6+1.2 ’

CG, Clear glass group; RG, Red glass group; BG, Blue glass group; GG, Green glass group; RPE, Rating of perceived exertion; ***p<.001;

T Difference in Clear glass

Table 4. The change of lactate concentration (Mean % SD)
Variable Group Rest Post Recovery 3min Recovery 5Smin Recovery 15min F-value
CG 2.6£1.6 9.5+2.1 10.1+2.5 10.1£3.5 6.0£2.3
Lactate G 382
) RG 1.9+0.4 10.241.7 9.742.2 9.1£2.4 5.6£1.7
concentration P 203.428%**
BG 2.340.7 9.6+1.9 9.842.4 9.2+2.4 5.4+1.7
(mmol) GxP 618
GG 2.5+1.1 9.4+1.9 9.2+2.0 8.6x1.9 4.9+1.3

CG, Clear glass group; RG, Red glass group; BG, Blue glass group; GG, Green glass group; ***p<.001
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Table 5. The different of basic physical fitness level (Mean = SD)
Variable CG RG BG GG F-value P

Grip strength (kg) 43.9+47.1 44.1£6.4 45.0+6.8 45.4+6.5 114 951
Sit-up (count/60s) 44.7£5.9 45.7£5.7 47.7£6.2 45.245.0 .534 .662
Ruler drop test (cm) 15.6+2.4 16.3£1.8 16.742.1 15.0£1.9 1.268 .300
Vertical jump (cm) 48.8+7.8 48.3£6.6 48.3£7.1 49.0+8.7 .022 .995
Side step (count/20s) 41.543.8 43.6+2.8 43.3+4 .4 42.5+4.4 582 .630
PEI (score) 51.3+7.0 50.0+5.0 51.0+5.7 52.5+5.7 324 .808

CG, Clear glass group; RG, Red glass group; BG, Blue glass group; GG, Green glass group; PEI, Physical Efficiency index

o)
Aol AR 284139 SRS ST 4= e HAE, LF=
Az @7 9 QoA WA SHEE oSoks A EE AREHT
(Quintana et al., 2016). & 7oA Mo w2 Huldo|x A} o5
A RG7F GGoll Hlsf LE7F §-2J51A] =2 Z 02 YEsTh Yoto et
al.(2007)2 A7 A}=of] w2 Electroencephalogram (FEG)E &<13H
Az} A =2 AFA(frontal lobe)zt F78 H(parietal lobe)ollA]
LF7} =7 24 =1t} E3 Choi et al.(2011)E ZAg0] &%= 3t
74olA HE2F RMSSD7} Hasilond, 29482 Sl LF7H 45ttt
1 Hsto] 2 Argne} dxskgict. webA WA Az A= LF
£ &5A171M, a4l o] /38t A okt

HF= Ao = A A a5 Uehlie, Fuzh4l7o] &
AL S d&3t 4= 9= X ER AFREHLaborde et al,, 2017). & A
O] HF #4243 &5 A3 BG7F GGl v HF7F R2loH] =2 A2
2 YERTE Schifer & Kratky(2006)2] Aol w2 mgha] o]
thE o] v HE7} §-9JolA] =2 442 Uehdthal Harsto] i A
o] Axte} Aottt AL} £ A9 HF ATHE Boff wHta g
AlZF A= R agtil o] @37 A0 R A5 &= Qi

A A= A E 2™ 99107 WAL AHukre] A5

al, 1996). £ AA-tollA] Z¥zre] MQ] A=of| w2 48k4=e} RPEO] thgt
Ak 78, A7 749 A5 A4-8-E B4 A3 RPE= BAIE f9%7 Y
ERA] FFA|TE, Adk= 5 A3 RG7F CGoll Hlsf F-9JotA| w2
AEra=g vl o2t Ak Y AlZE A=o] g R QIAIoF
= TYAENA 5 F AT H =2 A guigith A ATtollA
T o] WIS ASAIA A7 ASolgittal Basto] 2
A} AX|5FAtHDreiskaemper et al., 2013; Reyes del Paso et al.,
2013). wheba] 2 ArollA] Q] B A|ZF Ap=o] AlEkeE AF5AI] o]
= g4l o] /33tEgl7] Wl Ao s Az

26 ES ARZ DA WY £ Qe FE6HOE V|Z2AH
2 256582 d&5T 5 9= A #;ot. o] F5eY> thget 82l
Eoll 9o I wh=t 1 F ALA B4 55 e ol
UrHHautala et al., 2009). & A-ollA] A=A Q] A9] Q] Ao wh &
o< S0t 2= & S5 floto] It 427 =]
H71E &7g0t9oH, SRS E ST 4= Sl yardstick FARE AA
shoict. ofg, =2 0] H7|, yardstik FAM] ATt ek 2F-R-0J3t Afo]

=
>
T
=
%
r
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7h epbA] oFott. o2 st Aaks WA 27 9] SollA] =it 1)
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