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The Effect of Combined Training at Different Times of Day on Body Composition,
Plasma Lipids, Stress Hormones and Nutrient Intakes

Kyoung-Young Lee,' Si-Young Kim, Tae-Won Jun
Departmet of Physicial Education, Seoul National University, Seoul, Korea

ABSTRACT

Regular exercise training improves body composition, blood lipid profiles and exercise adaptation. This study was
conducted to investigate the effect of exercise training at different times of day on body composition, blood lipids, stress
hormones and nutrient intakes. Twenty four male graduate students carried out this experiment. The subjects were
divided into three groups; morning exercise group, evening exercise group and control group. Two exercise groups
performed running and muscular resistance training at mid intensity for 12 week periods. Body composition, blood lipid
profiles, blood cortisol, ACTH and nutrient intakes were analyzed prior to, midway and after training. There were
significant differences about interaction between different exercise times and training periods in plasma TG and HDL-C
of the evening exercise training (p < 0.05). Also the evening exercise group was showed the decreasing of TC after
training (p < 0.05). No significant differences about interaction between different exercise times and training periods
were shown in body composition, stress hormones and nutrient intakes in the three groups. But evening exercise training
decreased body fat (%) and blood ACTH (p < 0.05). Also the increasing of carbohydrate intakes was shown by the
evening exercise training (p < 0.05). In contrast, morning exercise group indicated a decrease of body fat (%) after 6
week training (p < 0.05), but this effect was not maintained after 12 weeks of training. These results suggested that
regular evening exercise is more effect than morning exercise from the viewpoint of improving body composition, blood
lipids, nutrient intakes and exercise adaptation. (Korean J Community Nutrition 11(1) : 143~151, 2006)
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7 Tk &5 TR OS] EI vk 53] &3
U Egoldo] AAxY, =22 % EF & Ay
A= & dis B2 d7E0] IPHJEY diFiol
% £E (Consitt 5 2002; An 2005), &% 7= (Jacks
5 2002; Kraemer 5 2002), 2% A2+ Kim & Lim
2002), &5 WX (Lee 2000) Tol it A4glon, &
F 5 o2 Aol AAIE Edo|de] o] didt A7
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Yol N2 SolA] ol 4748 lont thiRe] e

2 A7t Aol 255 AT olE0lAl 2318 L oF

71 N2 4 Qlck wekd dwilolAl MBS o

gl 7S AT oERI 5 AIE 2 At
Q7 E ot}

Ao Abl2] B4 F Rl TFAIRE v e Atad
ZF, of, Al¥ & 59 oy e ® vEh=t] o]
218t WL biological rhythms (A3 BE) o] k57|
A B33 7o) Pt iR QA e Wt vl
uje} Wslsl=t) ol2jgt 3k Fetel Al 8le= circadian
rhythms (@5F7] g8 ol $th(Refinetti 2000). Cir-
cadian rhythms& A48l 2] suprachiasmatic nucleus
2 pineal gland®] $22 FHlo] 23] ZH == (Ruby
5 2002) ol¥d Z=EE o3 A F719E A
sto] A7 et HES SRt Morrey F 1994).

Circadian rhythmsell gt A3 dF F 713 g2 &
217 22 EF melatonin $E7t 7P £ Al of
7ol (Lewy & Sack 1989) growth hormoneX okt
AlZHdel Ho) ®u)7} 5o ol ARbdel] HAz FH]E
= H8lg BeldE= B agct(Hartman 5 1991). =5 F
7loll whe} Bujgo] A= AEHA ST2EQI cortisol
9] AT sympathetic system 719} 3 A
g Aol Qo] 1 A& 2719 HAQ 7v] FHE
Bolthy} AjEige] Fulsko] Syl 20 ¥ejA vt
(Horrocks 5 1990). Cortisol ACTH (adrenocorti-
cotrophic hormone) off &3 #uv]7} 22 =W ACTH:
0|& o} H1 ETE HO|EE cortisol® ACTH Hl
=3 Bulde S 7EX A "k o]23& HPA (Hypothala-
mic— pituitary —adrenal) %3} sympathetic nervous sys-
tem 9] negative feedback systemel ¢Jall ZH € H(Brad-
bury & 1994).

3L F O 25 AR wE Ede]de] &l o
3 A3 ATEL gREL U3 5o g At B
or=d Hill (1996)2 172% B2 &% Al H1 Aka A
ek (peak VOy)©o] 2AKTE 2371 Hoda 3131 Jung
(1986) 2 FAS oz 2% 23 598 3% 4
3 o357t WA E fadel tin Basigich A&
9l Egojdel] gt 48 A7 u]Ee Holl=dl Kang
(1998)& 125:7+9] 743 Eglo|d ¥ & AlZtel mela-
tonin ZAZo] gutsly Eold MEt} FsHA 7t
gty Busy Kim $(2005) ot FwelA]
2 2X]9] melatonin ¥57F +F 12F ¥ 7% T2
B3ty Basyck gy oleg A Ars F olE

obgol] Hu)7} Folm Aue] Bul7l wopxlE AA F
718 7} stress hormone$! cortisol?]v} ACTHel t
# AT 22 Holn Ay ATSY rRo] Ysiy
L% tjg A7 (Scheen 5 1998; Kanaley 5 2001) 2
A& Egolde adel st dFE vEFS Holth
A& EEL QA9 AEH A I APAEE V21
2500 tist 58 719A H=ul(Ok 5 1999) cortisol
2 AR, 288 AEG A0 JTFE Yol v gid ¢
o o v]AL AHE ADst] Y3 cortisole] o] &2
ko SFATHCostill 5 1991). E3 B 58 A &
2 gukelojAl AR A=A =AX = Edold T2 1%
o= <3 HHSA A, A2, AssrA g3
o] &% 3 589 AsE /LA Hi &% £%%
{arsk 4= 9)7] WlEol(O’ brien 1988) Edo]d A] At
A9 &5 FHS AHE Felsi] 5 42 ek A
o] gesir) wehy B Ao ok, A Alzke] A
A&t A&A Efo|de] & cortisol @ ACTHE #
3ol B8l &5 A8l oldH AR E Yol A} gt

&2 EFoldd AlA A7 ¥F AA AHE 7l
AA71=d)(Ashutosh 5 1997; An 2005) YuleiSo] 7}
% go] HABH: ol 53 AY 50 A 29 ¢
5 A A2 e vX e Gl dish vlw 77t
A9 k. =3 T F T Ao g 53 EY
ol de] W o] HFZe] Wstol| oist Ay AUt HF
3 Aotk 57 U4 AFAFC) Il BHE Ay
ATEL 5T WE x| HdHFe] W3k (Stubbs
T 2002) ¢} kA 5] Ao] AF Mg v|X= FEF
(Kim & Kim 2000)5°] itk 583 o] od A%
gFo] A& nX)= A7 tisiA Blundell F(2003)
< AlAE g0 TR oy duR] &A= wisht
AR, Stubbs F(2004)2 FaE o] x| 4
g N3E FX oty 2 usidck zEv ol
A8 AFEL 5ot EF5F W2 sl Jokh A
2ol Wi3ls B3 o7 5 Az Aol wE 4
o2 o) WE AT AR Wolth £ AT
obgal Adog &5 AlZHIE 28 2 o ouix A
2 Ao mE FUY2 AHF HEE v|wstu st
o]RL A|£AQ o] AA A EF AF e &
& FAT ok AAFFe] Wl wet 11 a3t s
HAY ZAH7] HEel &% Al Aolof mE FEA
A WgtE nusks 3 94 Fesitdn & 5 gk

s 2 AFE A AYS F2 s 204 B8
oz oby, A AIZEe R Yo FHE 127 5



Edoldg A% F A4 24, 97 9 9
HAFS WslE Edold a%E JrRln AEHA TER
o] ¥3gle nusl Edold Hg AuHE selgtozy
gulel g 93 A7 S &5 F3S ®ole &%
T3 Fjte]] 7)okt g
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£ A7 SHSw st AFsta shd dslo] ¢
G2t gigtd s diido g opfle] 4
QI 3R o=} AFHEL 50% ol Y 64] o]
2= ot F3F(Pawlow 5 2003)& Holx| ko
o 533t FHANE RolA] Y= olE F 24%WE 4%
ak3it) 2488 oA 9419 ofd 257, A9 9419 A9
TET, 52 A3 8 A d= FATCE 47 89
A upro] & A7 237 ol dis] 83| Q4sted]
5 AOE AAA A7IES S

AT thdAte] AAE E42 Table 10 AAIE nke}
Edg= 3

2 Ao

B a7s # B8-S F2 3k= 200 A 125
Y W ZAY 5 EFolde o AYoeE Uy
of gt T NA 2R ¥F A, ~2EHYL T=E Y
Jokx AZgke] WElE zAIEIGE ZF Al Edoly
AA A, Edold 65 §, Ed#old 12F FE A Wl
Ax QAP on B Egold 12F §9 F 33 7t
7} 8044 RI=A] Azl Alzite] Edlo]de] &3t
A=A

. 25U

obg 9 AY $FTL Y ¥ A F A F
8o E FHlET AT 247 108, &5l =E &
A Edglold 30, 2 25%, 22X Edoldd &y
Afole] 58 FAOZ FAE ARG AT 5
2 A4 2d (Y], B, B8 E 9F5S A3ty didt

Table 1. Characteristics of the subjects
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A HoZES IRME 4381 1IRM2] 60%E Zset
A 10repE 3587 AASI o 657F A|Fo] o
et 25 e At Atk &5 BAE 53
2349 9384 A 5 8l wet 37 A
& 9% %5 5= Target VO, = (exercise intensity)
(VOymax — VOgrest) + VOgrest® €50 EE 70%2
Z3sled 258 HAIBFATHACSM 2000). EH=YS] A}
EE 5%% AASL, AYEE Tl & Aol F 83t
FoH, 65 Fol Ago] gl mz} 2id AWEE A
ARQste] AAET EY T £ 5= ACSM metabolic
Equation® o|&31% 29 7 342 ohg¥ 2t

ACSM Metabolic Equation;

VOzmax (ml/kg/min) = 0.1 (S) + 0.9 (S—m/min)

(fractional grade) + 3.5 (ml/kg/min)
S: Speed is in m/min (1mph = 26.8 m/min)

4. g

AR R A g A 64] olF F4& 8l &
AlZES) FE 3 2 8Alel AAlslgien A A £H
Fo| A7A AEE 315t} 138 FAPIZ ddREe] A
Ao 15 mle] PA-g A3l ZH35 0 do
A V1€ B3 g Eelst B8z -701
oAl ¥E KAkt

8% 2 A(TC, TG, HDL-C) 9] ¥ Sigma A Kit
£ o] g3le] AAaRAYoR F46% 1 LDL-C2 Frie-
dewald (1972)9 ARAE o|§3te] A238tgict. d%
ACTH2 Assay kit (ACTH IRMA, BRAHMS, West
Germany) &, 8% cortisol =3+ Assay kit (Coat—A-
Count Cortisol, DPC, USA) & ©]|£3}¢ radioimmuno-
assay (RIA)¥2 2 Gamma counter (Cobra 5010, Packard,
USA) 71718 ARg-3te] 2413131ct.

5. NMTY 24
bR MRS

AP el 54 A A 64
oFlE AAlst 88, @

g, 7RIS AR =
A AABFTS XSGk dEe B 7P Wt

]9k Q)2 Abeflofld] AlAHA (Measurement system, Samhwa,

—
S

L

Mo ¢

@]

Group Age Height Weight BMI”2 Body fat \ Ozmo'x
(yrs) (cm) (k@) (kg/m°) (%) (mi/kg/min)
Morning exercise (n = 8) 268 + 23" 172.4 £ 29 750 £ 87 25.37 £ 2.03 21.6 £ 55 41.41 £+ 4.26
Evening exercise (n = 8) 275115 175.6 £ 5.2 75.4 £ 6.2 2426 + 1.8 208 = 5.4 39.94 = 3.51
Control (n = 8) 27.8 + 2.1 169.0 = 5.2 72.5 £ 6.5 25.39 +£ 1.87 20.8 + 4.2 41.26 £ 4.96

1) Mean £ SD
2) BMI: Body mass index = Weight (kg) /height (m)?
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Korea)dl &2 0.1 cm 97kA] 4148 338131t ot
207 AAR AFA(CAS, Korea)ol 22t 513ate] A
%= 0.1 kgD 712 S3313ick 71413 (bioelectrical
impedence, BED) & ©]-83} AA&-& A= d
Z1AHE 479 HAES FRAHTE o83 WI15H7)
F(nbody 3.0, Biospace, Korea) & o}-&3tgth o=}
ol oA AL M 2HE E ¥ 54 IES 9o
AP g A% EFov 3L AFHE AABIES skt
gz 71 78ell SEb] Holl A4 el E Enjga)
whatehs Z2A23 71 ol ekt F tiejg) Hol &
3] HE ME 2% 45 s

6. MOIZA B oL AR BN
WS Edlold A3} Edold 65 ¥, Edold
125 ¥ 27 7k 59k Hol4H 712AE wRHY
th #% 29% £ 19, 39709 Yo 4HE 33
7159 (estimated food record) 28 ZAlslgom ZA}
12t B RS AR S getd 714k Aol
Al MES Sk 8% 7154 (estimated food record)
& 21Fe] ek ohjet ¥R % ze) Wy, dAl,
o2 7153k oIt (Rosalind 1990). &
ZARs S AEYYst gl pAE 59 %
Abglo] 7k R A Ao 712X 24 aHe M
A, #lske WA F Zgsisich ZARA

Lo

S A=
T AY 5

T “ o Hc}—1 %‘ l;l‘
Adst, 29, 718 HA 84, AF AR 4F 23 5
& 71AskeS PN, £ BEE 218 Ae A

Al em@H 27171 BAR ARS8 T g 2w
ool AXNE B AFIt FEHI o] HF g B
A2 A3l b JuetE] o] £ JFEE AEA A
¥ CAN ZE7H- Z2 32 20 version (Computer Aided
Nutrient Analysis Program)-& o83} 2zt F7+2] 9ok
& 2 A AR JHEE E4EA

7. 4N
SPSS 11.0 §A =2 1388 o)43te] Z4zte] HH3sE

Table 2. Changes of body compaosition by exercise training

of tjgt BFFH REHEAE ey, IFE R 57
AY 57, BAH I Edold 7HEY A, EY
o|d 65 &, Edold 12F F)ofl upE Edold Azl
s} Eglold A7 Aol A5 98] 3 x 3 8 B
At B (two—way factorial Anova with repeated meas-
ure) S AT Zt 2HE Edold Al7ldl dig olS
A1) Y3to] vESA dAAF ¥4 (repeated one—
way ANONA)& A3t o4 AFE AAg 3 A%
B3 o8] (contrast test) & AABIFE Edlold A
71 W& Z 257 AHE H5E one—way ANOVA
£ AR&3to] Tukey's testell 9J3le] AAEL} BE &
3 FE FAF FAFELS 2 <0.05 FFAM BAA
STt '

2 0

1. AN T2 vz

gz FAIZISl EFold A7k AAlEA S
HA3H= Table 2¢ AAIS nlel 2t AAF 2= (body
mass index: BMD) &} A& (% body fat) S} H3}lol|A]
I53% A7 AERe-S JEREA] okt (Table 2).
ol 3 F ol T A9 Alzkell Azt AAlg Edloldo)
AAF Aok AATENA F-21F Aol7t ARATHE 99
olty. FE¥E EH HMIF AFoME 2 2§ Yo Ed
old Al7lel wet obd £5E, AY 25T AT 7
i xpo|= HolA] gkgkom w3t Edold ZH A7 1
B3t Ale] AAl fA% aleo)7t veRER] skt Axukg
AqMe 2 27 U9 Edold Al71E Alolg Ba o}y
FTolA Edold A4l 657F Edold Hof nis) A%
Wgol froAor gt ZE & 4 ey (p <0.05)
o] A3z 1257HA] A&HA] ZPrck AY LFFore
Ego]d A 6% Edeld Aol uls) Alxugo] &
o7 a% AL B F 9T o] P4 = 12F
743 A& E AT p <0.05).

Group Before training Mid training After training Group X Training
»  Moming exercise 25.37 + 2.03" 2512+ 1.78 25.03 + 2.04
Bmi . . F (4, 42) =1.080
2 Evening exercise 2426 + 1.8 24,46 £1.81 2433 +£1.93
kg/m?) p = 0.379
Controf 25.39 = 1.87 25.04 £1.72 2507 £ 221
ot Morning exercise 21.64 & 5.53 20.08 + 5.56" 20.79 = 4.65
B°?%) 9 Evening exercise 2076 + 5.36 20.23 £ 5.21* 20.00 + 5.21* F (4;3) o] 3’5')839
Control ' 20.75 + 4.22 20.66 + 3.98 20.59 + 4,11 i

1) mean = SD

2) BMI: Body mass index = Weight (kg) /height (m)?
=: significantly different from before training in group at p <0.05



2. 8% MR Hgy
tdAte] $EAIZHeL Edlod A7zt dF x)d ¥
3= Table 3¢l A|AIS vk} Zo} 5 A Wl 1
E3 A7 A3 EEL TGO Jehtes Edoly
T AY LFTAA /2% alolE o TG $52 24
of A9 o] Ayt Z Ao7 Uehdthp < 0.05). E
g HDL-CAME 257 A)7I3H] 4528 2=
Egold F A 5T Fod F7HE o] HDL-
59 F7lo] A %0 A3} & HAog vy}
(p<0.05). Fa3E 2d Z 7F 2] Edold Al7d
zolof|A] A LEFoA Efoly 12F ¥ TCO ¥%

7} Edlold A 65 Fofl vldl {F #AE B0
<0.05), TGY &&= Edlolyd Ad nla) 65, 12F &

BAtHp <0.05). &3 HDL-C9 5%
Fol §9Hoz e 2e naY
(b <0.01). ¥H o} £E7E Edlold A71E 83 A
A2) §917 Aolg Rolx| Rtk #B Eglolyd 7 A
7 a8 Jol2 B Edold 65 ¥ TG %

Table 3. Changes of plasma lipids by exercise training

o §92 g2
7 Edold 65

olZd A% - Al - 147

=7t A9 o] +F2E A YeRttHp <0.05).

3. @% Cortisol ¥ ACTH 5%

thdale] LAz Edold Al7izke] AEHA T2
E29] W3l= Table 4] AAISE vlel 7}t 3 cortisol
3 ACTHY 5% 3ol FAIZe Edo]d A
o M A% 22 JeptA] osich Fade] ol Z
I% W9 Edold A7 Aol BYE AY FTolA
Edold 65 9 % ACTH %7} #9322 74
sh= Zog Jehton o] a3lE €% 12F % A&
Hthp < 0.05). ¥bd Edeold Z+ A7E Al 257
F2A 2ol YERA] st

4. FYL YT Bg

At EFAIe} Edlold Al717Ee] Fdk AF
#o] W3k Table 50 AAE vhgl 2o} e HHAF

o BT B IEF AV ABAEL urEMz] o
ek, FEHNN 2 TEY Elold A7PE Holg
A £5ZIN Edoly 125 59 wsslE @.:4%*01

Group Before training Mid training After training Group X Training
Morning exercise 169.75 £ 1557" 171.5 =+ 15.79 166.63 = 20.02
c Eveni xercise 179.63 = 26.20 183.38 + 19.06 169.50 £ 20.51" F(442) =1.224
(mg/d) vening € 63 & . .38 £ 19. 50 £ . b = 0315
Controi 166.00 £ 18.85 160.88 *+ 19.79 16513 = 20.13
Morning exercise 111.00 = 41.99 141,75 + 41.99° 108.25 = 42.93 ( )
G . . *a * F (4,42) = 2810
+ + +
(mg/d) Evening exercise 104.50 £ 22.21 78.63 = 8.94 83.00 £ 31.13 b = 0.037-
Controi 155.50 + 115.00 135.63 + 60.00° 188.50 %= 135.28
HDL.C Morning exercise 3963+ 292 41.00 £ 6.05 4238 + 490 ( )
- . . ox F (4,42) = 2954
+ + +
(mg/d) Evening exercise 4250+ 3.74 44,63 £ 3.42 4288 = 412 b = 0.031°
Control 4237 =+ 10.60 40.63 = 7.54 4250+ 7.70
LDLC Morning exercise 107.93 + 16.27 102.15 + 14.83 102.60 = 16.06 (4.40)
-C* . F (4,40) = 1.424
i + + +
(mg/d) Evening exercise 116.23 + 22.40 121.03 * 20.43 110.03 = 21.85 b = 0.244
Control 9253+ 1507 93.13 = 17.65 8493 + 13.75

1) mean = SD

*: significantly different from before training in group at p <0.05, *=:

ab: significantly different among groups at p <0.05, t: significant

significantly different from before training in group at p<0.01
ly different between group and training at p <0.05, #: covariance

analysis for difference among groups at before training, TC: total cholesterol, TG: triglyceride, HDL-C: high density lipoprotein

cholesterol, LDL-C: low density lipoprotein cholesterol

Table 4. Changes of plasma cortisol and ACTH by exercise training

Group Before training Mid training After training Group X Training
Cortisol Morning exercise 1913+ 9.54" 15.07 £ 7.27 17.30 = 5.80 ( )
ortisol . F (4,42) = 0.799
. + + -+
(ug/dl) Evening exercise 18.48 + 3.1 18.47 £ 5.67 1803 £ 43 b = 0.533
Control 2225+ 3.01 19.09 = 4.10 18.13 = 579
or Morning exercise 40.33 + 24.00 34.43 = 18.00 33.62 3 15.00 ( )
ACTH . . * * F (4,42) = 0.637
+ + +
(pg/mi) Evening exercise 51.98 + 24.32 34,39 £ 19.16 31.21 £18.20 b = 0.639
Control 38.63 + 10.34 27.83 £ 10.93 24.16 = 1813
1) Mean £ $D

= significantly different from before training in group at p<0.05
ACTH: adrenocorticotrophic hormone
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Table 5. Changes of nutrient intake by exercise training

Group Before training Mid training After training Group X Training
. Morning exercise 2395.1 = 136.3" 2408.7 £ 128.2 24171 £ 179.6 (442) = 0.0
nergy : : 4 F (4,42) = 0.043
(keal) Evening exercise 2413.0 + 265.1 2419.9 £ 131.3 2403.7 £ 172.6 b = 0.993
Control 2398.3 + 226.1 2410.5 + 258.3 2403.3 £ 281.2
Morning exercise 360.5 = 42.) 331.6 £ 350 333.1 = 49.2 )
Cmb‘zg’)'d'me Evening exercise 3234+ 188 3022+ 36.1 [oE 477" (4;:) 0_026245
Control 3254+ 48.2 3474+ 522 338.4 = 620
Morning exercise 903+t 13.6 914+ 119 86.7 £ 18.2 442)
Protein F (4,42) = 0.685
i i + + +
(@ Evening exercise 96.7 £ 14. 941+ 7.1 903 79 b = 0.606
Control 97.6 £ 20.8 884+ 189 81.4t+ 128
Morning exercise 73.7 & 211 781+ 128 78.1 £ 133 ( )
Fat F (4,42) = 1.384
i i + +
@ Evening exercise 719 85 85.0 + 287 709 + 9.7 p = 0.254
control 744 % 114 723+ 1446 64.7 £ 15.6

1) mean + SD
+: significantly different from before training in group at p<0.05

#9502 Z71ItHp < 0.05). W o LELAIA
£ A&H Edoldow A Yuh AH Wahs
Holx] sigeh, Edfoly A7 TE7HY oA Aol

AT

L

n

2 ATl 200 B BOE 8% 3 ofls
A AR ol $REY S48 W AT 25
3

Za A7) Edeld 6% T oA EF YERE
Al o] Fa &3k A LE T 125714 AEHIA
. Ol % ARl Adaglo]l X&AQ Edold A
b A Zael ERE € 5 Ao AY &50] ¢
A Ao 5 gl 7AHAL 50l AAS
FE 0|1 AA 24 MAAKIYE A8 A1 B3t
O} (Ashutosh 5 1997; Ross 5 2004; An 2005) o}
A, A9 25 9 &5 ARE Zolof g AlA) 24
o] 7| &Fel uigt vjm ATE vES Holgl go=
H @2 d77F Fesit

T3 EF AAY HEkE 1y, & 7= TGS
HDL-C9] ¥ 5 #sloM &5 Ajztcle] ot Egjold=}
o] A3&A4-S Bth A5FQA AY 5] ofY %5l
vlg] TGS 5EE AAA7|3 HDL-CS 555 F71A]
A YT A HEHE NAAIE 222 YRt I ¢

in}

kv

A% B dAFelA x&AQ AY 52 B3 TCY 5%
Aoz Uehgted old 83 A& AdH e /A
= 25 AY 5TolMw vebth 22 A8 dF
A AR Fo] EF XA FEE M= Re
2 B3+ (Simonelli & Eaton 1978; Kim 2004)
5 Atdel WE dF A ] sfdel digh A3
A77E wlEE Holgt o] FA] Ao vt et
olgfgt At Fuitt F2 AFLES] Hlo] He AEH
Agol 0 9l £ sl XEE, aFAAWEZ &
< MA 7= R0l 2 = 9l 2o Algdn:

H Y HFFY EsE vwstd 2 dvdie
25 ATE 28 L o Edoldre) Adsage ¢l
Aok ok A9 ol X&HJA Eold ¥ €3}
E 3" T8 BT £50] JUL MFHF v
v Gl gt M3 AFEE BH, de Assis 5(2003)
< circadian rhythms# 2] A& AJolof gt A+
oAx o, 2% Y oftt ZFof Wl F oA ]
Aol ARk Rudkck 3 Blundell 5-(2003) 3
Stubbs §(2004) &) @+ Al E5F] S7ikse Aal
o] & YA HHHL s FAEHA T Busie
t) ol & dAFeA Efold F 25w AT o
A A=Y Aozt JehA] ok Anel AX|git) g
SHE AHEFY e oA AP AFE] A B
7} QA}+=d Larue—Achagistis 5(1992)2 2097 E
ASd 24 ¥ B@rdE A9 SV 2033 T Andik
$(1954) & 7HH & 24 3 8~9AIZH 4097t A4
o A gestE AR Aadign Rusign 2
AT TAT oFd FredME Edleld & &



e

S}2 A Wiyt Aa AY S5 TolAE Edfold
BrskE AdFFe] St wia AdFere] sl
B3 Kim & Kim (2000) &) G} Zo| o] &

ol o% g Q] Wsks gle Aoz BRuEg]

ol & Q7oA T AT Tz HF
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