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HT T2 =AUk AEAte] fklew R}
d Ao A, =W HA Y Ao @ AT} JENE
Z(quality of life; QoL)e] &S =xatele
= Aoty 2y, nR A F 173 fA %
Toll BejM = SFESA FHH YA &2 Aol &
23 tEo], £y dFelgts FAAdANEH] Fxe
olgA st =drE on A B F UeTtE =
#He A= A&EHoR Ao T T AA ot
EAANAL g g NS st =98 A 712 A7, 5
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71¥ (aging)el W2 A5 A=t AAE T = 24
27, AERA, EFCBIA, A R WA Fel @A UEtn

Ath oA T AA 75 AstE FA R ALV A= HF2H0 A

d)el & =] "He A2 & 4HA U a8y,
A7de FHOE 258 o3 e T-uHAE o] obF, F2 AYel 4
Alsts B7F A Bk o] & obdel o= & A5 oRte] ddke] o3
TEFSAHE Ho AFEFo]l phsHA "ok o3 AR Fe=
A He 53] c@ACde And Fue 74 Ao &4, AYeeE o]
E ofa Hlus & o £E AHGF] MdE Aoz A, =%
circadian rhythm (&°] &F Jro F72 HEo|H= wW3he &l
ME AA &5 5ol =i AgAd FEHE e AR 3. o
2 oMY v FAH(FEFH)} Heo] Aol Hi wwel AR
AAG el Zeh] oy TRt Hu ndet dFe e
= Abgo]l Boh= HollM o] & ofyel wE eyt Al oud FHoR
AEst=AE WED Y dade] n. osk o] aFATE of= A7t



o &sdior & AAVLY &A= tHAA ERE ofyt @A 3o
T 2% g7t o

wabd, B AFoEe nHAES YA O circadian rhythmol] w& =A
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1. 9449 224

20019 %= HEH FAF Az w29, Syt FAFA A=
w0l o) HIEL 199519 59%0]4 20029 79%E Z7 Ao o
o, 7t E 20109 E 10.7%, 20200 151%, Z1E]3 20309 &
B1%E FFE E2AHA 1Ys} AHE FHolE o FETHEAA,
2001).

SEvets 654 ©]de =9l oZHIZF HAA oZHIA A G HIF
o] 22.7%0]3 =21 oEH FTUHEol HA gBH FIHEY 2o JHrhE
Aoz =2l JgHE AR F e Wk AlF3E whdstejop &
A A o] Th(EAE-A F, 2001).

FH AFelgts AANAMTHY HExe SAHT AT, ojgA 3d
15 v A B & JQEIE =dte 49 F(QoL)el &I FHAl=
A&Ho 7 Aol & Fad HA ot

ol# & AtE 9] WS FAE AT W volrt W AtF 9 FHoldte #
R ASEET A EFd FAT F due AE Y AdoeR He
Aol rtgHsity. ®EF S
o] A(QoL)S ogA FAZ AVt 2E5d uHE AbE 9 s Aok
& 7t & EAolth o] & Yl AWH V5N 5 134F o
gk oolyel, A AAZEFoR AA 7|5 S FAAINE Rl T3

=gto] W A1A wgel #FAE APATo] o5w, =09 AFAA 7
5o Aol FUste] wet Fx Aatated 654 =91S 30t} H s
2 ow AuEHe 20~30% A 3H(Clarke, 1977), 8¢S 10~40mmHg %7}

4
oy

i
L

2 gaw s =9 M gaAm o

Perman & Adams, 1989), A ¥t4= v 10975 10bpm¥® ZFA3T}
P



(Zoller, 1987, Wei, 1992). T3t Huj4dut4u 13 AurEsF, FHodki
g 9A fgaste Ao Z YES T (Gerstenblith et al., 1976; Sheph
1982; Young, 1986; Buskirk & Hodgson, 1987; Ferketi ch et al., 1998).

Buskirk(1985)= "] = 4l 7%} 3] (American Heart Association)o] A &
ol ¥, AAEF, 2 FAH A A T A4F 2l
A dxsten, g A AqWd NgE 9% WHoE FHAA
AAGFE FxeAT

AA 7159 AEH AHS L A= A& 417 (autonomic nerve)o] T2

U

o
BN
Ol

sk 9gks o ok A&4l A o= w747 (sympathetic nerve)d F-a 7k
%17 (parasympathetic nerve)©] oW, o]& ZFol= UFE F(circadian
rhythm)o| &4t}

+E A AT SUHEE 99 adAA Y gAEY 1x7F #ofet
1 gler =, circadian rhythmS 1 #3tH wFAI AT Fuzhal4de 1%
Lol Zpol7k = obF ol & A} HA e
st ol Ao HE ol g9 d AR qF3n. 2de oA =4
ol dojut EZolv T8 Mol ofF &ES& dt= AMFECl =9
o, ojg} T2 o}F &F Ao AR oJFezE doju= Abae WA W=
7} #9311 $t}. Framingham Study(Willich, et al., 1986)o| A= FA A o=
A olde® dojue EAAMY BA NI oY wEol Boa A"
Hh g1, Muller et al (1985; 1987)= 4 Foldoz WA= =54
A T Aol Bo] dojutal Ass WA olAS A&4AA 9 circadian
thythm3} A5 =7F ol® #AA7F & AAske ez Az4dd. 19
woojol 2 A Aol A9 it gAY B g A0S i
ez @ A%E Ad gtk

A7t = circadian rhythmo] E£x)|3l] A&4174 9 =7 Hst=E 4
ol dste]l WEE doeAn  AREHAAe 59 (cardiovascular



hemodynamics)©] 2 THZ 8 A et al, 1990). WA 2L Fx9
olgl FATFE o= Atde FS HAFAU=TIl wEbA AR
g#td 4 Ak 2y oo dig dFE o] FolXA ¥ e HAe]
, 184S, IHEsY B
#d AHS oud ¢ Jddx Ba @ #k loj(Alekel et al, 1995), 713
Al 5 AFS AL &Y S FFATIEH Fas

aFe HAEHA 1TSS Thde Ago]l BolALl d=HS 4

AR AA gtk guAes HHAA, LA o= AZte] g5 ok
s

s F ¥PAY WL F2 A4 A 9EHm ded Yl
A 70~100mg/dio™, Fde] FX& A 4 Fol=
150mg/dIZ HE D& itk %, YR FggL A RlA 1L F
oz st FAozd FHA BREHANAY olgd me rlusA =

ol
Iz
>
)
oft
ﬁ
e
k)

o] MEs 243 AA #2e A, ol 2 ol FE A9 ¥
AR ob A &, AL F, AYAAL Fo Al 2 e FsT)7F e
m, ofgte] HolEW A 4x A HAAAE HEL & SAAS AT
= ok olg g 7 WEo Furete] A&
ErlFoly 7g £ dAMERE Wt =g d9X 9 AF wge 74
2ALe] g (B e d2de e 238 Jda% glok(Alberti, 1975;
Asplin, 1979).

&7 F WEolA Yehvde o2 ofde I s AY
phenomenon)o] 231 B2 FE = o] i (DeFeo, 1988). o] A& &
A1E F=w B4, 2 F A28 T F2(Bolli et al., 1984a), 1o}
7t A AAAE YEsta R Atk(Bolli et al., 1984b). o3 &2
dgzxdol P44 lolAe Ay H FrE e E Yo

=
oft
)
ok
r o
i)
32

&4 (Dawn




o|¢} o] ¢t A EFA 9 sF F W& (circadian rhythm)o] T 3j
A7t AAH Awrt FHEHL YA, LFS FHAS W, EF
st T WEel dE A= A9 e Aotk webA, FiiAtee #A
B2 sk T ol= Aol FsoF st o] upEA &It o

circa® ‘%, A, diest ‘s EHE E9)S /MR U 1% U UiR
Q1 o] FH /Aol Frleln, A 1k 1007] °]do] A&

T2 7HAI Y AR & ded, olF B2 geEel /79
A9 F719 Ad=H AH(HA ], 1998). =3 circadian rhythm(4 £ ©]
sEgEe Fr12 HEHE W) BHAME A4 FF FEo] w2

BelH RHe AHE Ao dFHt. o oF £Fe FE ¥E3

Qo] t}h o]gt o] mE AT} o] A|Ztlo] LE&of & At E
Al oA Wk ol

A7t oW APHI Je ARAFAAME =13 &5 #HEH g
AF7F FHHA 3, 3 AHUF =909 BA S AT FFAA R AL
3 &7 Tl F&stA &E&HL AR F
g7t e wES Aotk wEbx =S T EXAE L gF AA

by
;
o3
2
>
i
N
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ol
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2. 47 %4

[e]
o

2 A7E uyddy duelgiisye qdow 20837 AAA
% A A 2 5 (circadian rhythm)% oYX thAL, =870 X FFS H

o, AEFo 7z 1A HEgs EAu zzaA S JusEd Fad
Jot1Q) A2 Ars Azaed B4 Yo

3. 4+ 712

Ao 7t e oEd 2o

ru
Mo
of
ol
"
i)
S

(1) 2H 47 ure Aojstayziel 2 Azkeo]
el wate] Folzh AL Aol

(@ A dukelAhgyzre] 2 Azid] ot
o] Aol7t 91 Aol

(3) LF AT A4y SYre] 7 AZtepo] o
o7} 91e Aol

(4) nE Q3 kel Retazie] 2 Ao o
sl Apol7k 92 Aol

it
i)
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4. 47 AFA

B A7 ARPe e 2ok

(1) & Age FAd AFAEL 654 olde] nH Y 108F dutei
st 108 o2 e

(2) AFAEY] LY FAGNA EAT

@) ARAS FHAAS FASA KA

@ AJAS9 44 54 2 dH 298 FA}A X

(6) nHGH e £ FEE AANY] AT ANALHFAFE b H AYH
AR Qo] peakAl 9] AnHHAFOR ST

(6) HFAE FEer|sfstel AAA FL 080 AP

5. & A4

(1) circadian rhythm (& Al €] &)

AE] Yetl= o8 A F, 8% A=Y F7I(ehd, A, AHE H
Zo] & W3 E 93} circadiane Latin®] 24 circa® ‘oF, 7, dies
B, 1970ge o] Aojoln, FAWIIE g AREg ottt o
52 A9 dFAH(HAM) H5des G2 ASHEEN)- WA () A
W AAsE 2 Ae®, Axe] At HFd V25 T SdE AeE B

rr



O HE 247 ~ 80 F2 Yehid, 7 2547S =

2 AAFASF (body mass Index : BMI)
A F L HTE FHUHge] Slo] AAFeRE T8E= WHOE A (m)
o A¥gs wEE iﬂ%(kg)% TAZ g FAOIY. v <

(3) AMARE (%body fat)
Al gt AAEEo] 25%01 4D By HIvtFOo®E AAEH, A o
A= AAREC] 30%01FE B HIvtFoE RAFg

4 ANIA2HHAF (maximal oxygen consumption : VO2max)

HAHAEH A F(VOmay A7 AE 5ste T AHAE 5 U=
SGAANE Ao Fo g, AdaAY AW TsF THe wgstH, i
o AR ATES Briste Axe &+ AT

~_

5) A 4tE%F (cardiac output : Q)
G FEEF e 18 T AdeA Folul= o9 <k

= ]
AurE e

(6) 18] ¥=F (stroke volume : SV)
13] vtE g A4 H4dol 13 FFHete Yrs 99 &

(7) % (blood pressure)
Ao Bz Agoz @wel wAL dele HozA @bAel o



mmHg(millimeters of mercury) T = =", o]$7] & Y(systolic

pressure, SBP)#} ==7] ¥ <Y (diastolic blood pressure, DBP)S.2 #FE T}

8) ANAA A4l F (energy expenditure)
dd F YA LM HFLS 5F 24X S et 282 ghe Ay A
Foz YA UAFRMRY] F 60~75%F FAw, 2 G AE S

9% EITER), B59 A% &INTEA), 227 ¢4 AW AT 23
5] ok

(9) 3 (glucose)
671 BafAE TAR BERel BraEaA A oA e,

(10) B4+ (lactate)

AFgol HFEEA do]FHolES o o& MDA Alge ¥
of o= 100ml 7 5~20mgeo] AT, A3 &l s F7HH. EFol
o3t 259 HEZe =AY Zallol o3 i A AV doH, fF
A Al I dE7E Absl EejE AN iR dee] SEzes Aedd
=g

=




o. ol&4 74

AHFFZ7 ] e AATAY wste FLHE, Ve d T8 28 vy
Ago] 9187 #o] Y] Wi =159 A Fasttt

AAYFL 30~704 Alo] 25~30%FE HAdE A2 LA U
(Grimby and Saltin, 1983). o] g A A| 7] WHale} AAG 25 E o
U =389 74 (Grimbly and Saltin, 1983)= % ”7](Bassey et al., 1988) %

A E0]& 2 7] (Jette and Branch, 1981)%} £ A3 S2S FPs= T &
3

T AR MR F AolE HAY mEkA =RlES #F AATE T

TAE dAst= AL w9 oH ). Shinokata 5(1989)2 A AWELS AT
83 #7489 T g8 o= HAx WHEsH 4L FA, +F, = FF
# 293 w5 59 FAAN FFS ARG 20 o) wetal Bast
AA, FHY AAY £X9 Hole FE HSEE BEHFY Aold o

of Aol =HEE Aol glo] HmaEe] Eulsl HolAE 554 o] F
1}

Bouchard 5(1990)2 13 4

r o
Jo
>,
B
Mo
off
C)
)
N
ot
ofts
filo
0
B
>
N
H
2

Ao A4E AWd F oo BushdA, a7 AJdEd Hie =3
7] AJAEAA BXUY A (intra-abdominal fat)o] =74 UEld Aoz H
A ST A=

Schwartz 5(1991)& H#AY 674 =92 oz 2757 50~

_10_



85%HRmax2 5 ZE2Z A7 7S A 27, B3y AW
7} a8ttt BRuat gt 2181, Seidell 5(1989)2 ERa At
7t o8 A ARl E fEE 4 dorg AdaA Ad iAo
Faclelgta HustAnt

Lo

_11_



2. 4%, 49 7159 W3

HAd) fabad 58E dolzt WA fisted, ol =g I v
e 4% AEA 759 At #4d glorm Yot e =99 AHEdY
S AdtAZlth(Dempsey and Seals, 1995; Holloszy and Kohrt, 1995).
Kasch 5(1993)2 HuhatadFA "o AstEc] wsfdda vlag] ito]d
Aok 3l o]} ApolE BESIAT ol A& d¥E AP ¥
S oy, YHAe &FFFolga Austn stk webi, =% Al

S

£ 1040 5%9E Y + A Wy
2=
T

Blair 5(1989)2 Y& f4taAd 8L Ee AMEY 1@ acdle] HH =
32 Qd AMGEC] FTvhEe AL Bt 4549 A B VOumat
35ml/kg/min¢]8}7} A X2kl o, =2l ZHASES & F U=
H47)Fe 15ml/kg/minta 3HTh Saltin(1999) HhatiaAdF Fx) A
WEIo] BAA A 28.6ml/kg/minkth volxd AWEL =A Frlsta,

olnth oW FAITT I stk WA, o714 28ml/kg/min}
T oae HAoaagARY £AE A5 A T2 AEA @ 5
!

G, =9 AlE QG ENA HAAE A TS BT F e 719
7F 971 W&o &% 58S HUtetr] e AL AdAE Boe F
gststel A 2@ A&ET F Ae FEel Ko 8% Fx Ak T,
Hickson 5(1980)2 &A1 &8 Edold AAF Ax, JUiiLdHAFe
4% S7Fst AR, EFE"AAN AFd EFAINL 12%5 Vet 8t

_12_




o] 704 ©]47A F FABALE 7} (aging)el WE TF
Aadevlsh EFAZO] Fo4e A §Fo) Fad
golgde it do aFrge F2H ANES B
E AR A avEHE dxFs 29 5 gon,
5 AtE HIANA VOumaE FUAZL 5 cka @}
Shephard(1982)= 60~70tH¢] HAA

]Iloll
ry
1o

Mo
of
{m

e
oxl
&
Mo

Ir

Aol VO,max #to] 23~33ml/kg
/ming}x B3 ST o)A HleE T HF VOuma 23~33ml/kg
/ming 3 Aol v FF)UT. AWEHOZ VOomae 304 HE 74T}
7] AlEeke] 254 o] Fol= 10wkt A9 9% % ek, wid 0.45ml/ kg
/min% 7+A%thal sk} (Dehn and Bruce, 1972; Heath et al.,, 1981).

Zgto] WE AA Wzl #E"E Ay Aol Y, FTIEe qrE A<
+EFor =58t F7A E7HEA A7 HRmax®l A8H7F 7FA 25 VOomax
o] #AAE £Y 4 d°ov(Lee Jae Moon, Choi Seung Wook, Kim Tea
Young and Masahiro Yamasaki, 2004), :=%19] A d#A 7|52 dA#Ho] F
Zhekel mel Ak Astst=tl 654 =912 30tHel Hlwste] & oW AutE
Fe 20~30% A sh(Clarke, 1977), €S2 10~40mmHg <57} (Perman &
Adams, 1989), HdlA ¥ 4= W 10d vttt 10bpm% #HA3Hoh(Zoller, 1987;
Wei, 1992) =3 41—4]/\1u1- 1/} 19-4 A]H]—Z 5]1—4])\]./\/}3,&31:1: Oﬂ}\] e
st AO=Z YUE T (Gerstenblith et al, 1976; Shephard, 1982; Young,
1986; Buskirk & Hodgson, 1987; Ferketi ch et al., 1998).

_13_



3. @ w3

Aol #52 o, NG FUA LG AA 7 Ho] weolEYd
o Wz sHos EojrtEE g9
Tz YA FEHE 57 ggolE Fan
A gbell Holsle 4ES FAvI(ele]) Etolgt Ik F5
Fol Aeste 49 FH AN FFHo) & FUE NFS
47] oo IR LRI AFe Av|9k dde] dntt A
Holu ZFo EHHANE=IIE 7HEIT L o¢hy] F
Tt T WFof o] Hopslgs shErinh o

= 3 Wy Zulgtel o] 3 (mean arterial pressure)o]il, o] HA A
Fed B B diate] fo] H&F Ho otk FHUH L 1}
ole} I FrFEtA oy SH¥EY F=7] SHEddA ° FUhET
(Lakatta. 1986). FE=3F W QF(5=7]9F o] &7] FE AL oI =71 &
He S

g met o RS HAH Zojrta, 2o U wive AuE
Fo AR =gA welsolA "o AHRHoz FAFA Ae UL St
o} %7 489 F77F 2 @Y. 160mmHgR g ©f & £3%7] oy
95mmHgHR ot 2 o|¢hr] e WA AY nIRH dAPew T
o} 654 o]de AMHE T Hox 40%7F 18 LS 7R3l U th(Vokonas
et al., 1988).

AW Aol AY 2Rt oFd AdBA AW 65%~70%c 1IY AH
o] 9l Aol A A @k (Klag et al., 1990).

B =3ATFAETD JAEL S AMEEA ¥ n¥eHS tiAHEe
WHozA A71HR L5 FAGT L5 dIH dEFEES A B
PAA B ¥ Y A F£F7] G AAFE dE 5 QY] gE




o t. Tl A 50419k 894 Abele] HiQl o J(641%) & AlAE
e S5E AAE(G8%), A FE(24%), LAE(6%) v obFd &
A =(12%) HHo 2 o] At Av, e ET S E
7] @eto] vrobyTha HIH th(F 3l 20mmHg). o] A2 TGS v
ag we AAREY BHAl AL YEd AHolTh(Reaven et al,
1991).

de dAA=EFH 9 WEAEHAE A7 A9, wF] dF A 2
de =Y F AddE Ao
AL AEHS ovshe AL ofd
o BA9 AFAAY W F vEn. FAFCR 159 A HuE
B ek, #5719 ojghy] st aEjn WAH dxIwRe AYe

LoERT R Eu a8y AT Z2adHe AR89 9 FF

@

p
b
2
il
k1
%0,
N
=
o,
v
o
in)
i)
N
fCal
i
br
rV‘
of\i
2

= FFZE Y] XA Aok TH(Montain et al., 1988). 118t &
AES AT AAH 5ol o], &F AJHEEC] Y HE JERY
B 22k Ao dZste] AA"ETH, o]H3 EEZEIYPS O

@8 fFolsith 3-4d ol AE £E5L A& FIY AW AL
S F57 4 2 Hdoh 2y vE £ A 571 4E 9
As7t BAGH R fositt EXgE, 2 FoHo] UF HojM A5

o] ool o}7 ojF o g Fol lth(Shephard, 1987).

HIE F24A Q] 250 ¢S YATE(FA 209 ARY =05 319
0% E49) 37179 AEHZHA 52 1850 gle AFFHEAAA <
10mmHg®] F2A] #F7]9F o]¢7] S o} (Lund-Johansen, 1998;
Montoye et al., 1973).

1™ #4 F Fe AFES9 FFFE(ZF I3, hemodynamics)7t 1}
ol 1Y FAEY ARE AFI] dEAZHE, AAHA S5 UolE
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A w2 A A A"

2ol 2HEL A& FF9 AAS AASH, EFE=E" A
I Fol 5 4 FFe] ov A H Ao a8y o yelg ¢
(35-6541)°] Y A AFEE &F F 3T7EAA AL F7HE A H(Tzankoff
& Norris, 1979). =21=0 ol F A4 AAGTHY Aot ol¢ ##A
H A7Ee PAE FEHoz HYy

dF FAgAE 22 &F Fotdd ot dS ARG vole =<

EoAA o 45 LA 9
Z7sta e AYE 2Edd, =052 S o
ok dustd =QlEe] 159 Hu
Fate] o wEA =248 Zol7] WjiEo|th oy HAE Ie T, B
A3t &5 FolM dax AHAFE 7o i St nlE st HH3I
F7heth 2y A adA Y S5 AL AFEEC JoART HelE
AF@ S o) A wro} A o) (Chick et al, 1991).
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1. A5-d

B AT e AMEA STl AFEE w7 654 o ¥ g 109
(655 + 3.04)F A&A] SRt iAol g Ay 10 (215 = 1.04)S
ez i

HAAe A EFHel jla, TN, A7 A8, 4844 4
3 A A% T A S H AN Al Qs Th

B A7 ddAsEe A9 54 2 A W8S T8 AT F, 4
Tol AEHo g JrtstmE stRow, osd AAAH-AYH 5HL
(Table 1) # #t}.

Table 1. Characteristics of subjects

young women  old aged women

Variable (n=10) (n=10) P
Age(yr) 215 + 1.0 655 + 3.0° 0.001
Weigh(kg) 534 + 6.2 562 = 7.5 0.370
BMI(kg/m?) 208 + 1.7 239 + 25 0.004
% body fat(%) 248 + 45 311 + 3.2 0.002
Fat mass(kg) 134 £ 3.2 17.7 + 40 0.016
Fat-free mass(kg) 400 + 4.4 38.6 + 3.9 0.442
VO2max(ml/ kg/min) 393 + 4.6 19.1 + 5.0° 0.001
Wattmax 156.0 + 12.7 87.9 + 17.00 0.001
BMR (kcal/ d) 12419 + 87.5 1202.2 + 84.0 0.314
REE(kcal/ min) 10.6 + 1.0 54 + 12 0.001

Mean+SD. BMIL body mass index, VOzmay; maximal oxygen uptake, BMR;
basal metabolic rate, REE; resting energy expenditure, *p<0.05
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Fig 1. Process of the study
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3.4 71z

2 9

AT 7)17+e (Table 2) o AAE w2} 2o},

Table 2. Procedure and time frame of the study

Procedure

Time frame

Literature review
Design of experiments
pre test
Sampling the subjects
Measurement (pre and post test)
Data analysis

Writing dissertation

2004.

2004.

2004.

2004.

2005.

2005.

2005.

03.

07.

08.

10.

01.

04.

04.

2004.

2004.

2004.

2004.

2005.

2005.

2005.

07.

08.

09.

12.

04.

05.

07.
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4. 573 A

£ A7 Age

Table 3. Measurement variables and instruments

24 e

(Table 3) o A|A|E npo} 2t}

Variable Model and manufactory Details remark
Sam-wha (Korea) Height
1. Physique
CAS 150A (Korea) Weight

2B o d
Composition

Y PRODIGY (USA)

% body fat, fat mass,
fat-free mass, body mass
index

Cycle ergometer

Schiller ERG911S und BP
(Germany)

3. operation of
4. exercise intensity

Lactate Lactate Pro (Japan) Lactate

Glucose Super Grucocard II (Japan) Glucose

5. Blood pressure Tango Suntec(USA) SBP/DBP

Cardiorespiratory Ergo Spirometry VO, VCO,, RER, HR,
CS-200

test ECG

BP-200(Germany)
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5. 54 5

B AFTE A2 Sodxegn AN HAAFIen, 1 A
d A FEI} WHE g4 2o

o A7 A

& Lohman 5(1992)¢] WL o] &35te] © A 09:00~11:00 A}o]
of olFolgor, AL tAY AFAE ol gt AARNA w3 Eol

48 AAE A @ F, wuigel ) F GAAAe FHA S
AZSAHEARE 01 om B9 7%

AT SAHL o]FXHFLEZ47](PRODIGY, GE Medical Systems
Lunar)E ©] 83t AAWE(% body fat), A A" Z(fat mass : FM), | A4
& (fat-free mass : FFM), 18|31 41 A A FA 5 (body mass index : BMI) &
= SAsAY. AT Add WAL 1243 Fete] A FE &
ol 9Alell A5t JF A= J=go] T =H(REE, HE, AlA, B
A T)e AAsL, X5 &H8] 2o F Ules da SHTAT. center
lineol StH w3]a, A M top line Atolol 1-2em B HAS
T, FES F A E7MEE EolEF v B JFAT wHol=
AL A7 Y8 F A9 strapso 2 FE3 @ES w AT of 108

AR (Fig 2> .

O
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Fig 2. Measure for body composition

(3) VO2ar ¥ VOoma® &S A 553 AAF

AEHE VOmas H7IHAT HAALE Tt 22 £87]%, &5Fd%
g, 183 VOt VO 59 235 FF AT »&F F=5 d45=
vl &85 3l

EE APAE WEFez HA A 7129 HAE T A3 8dS THA
I YEA ARE FAEA PAG ALE vdd e rE =g
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AxA 9. 533 HAFY protocol (I et al., 1998) A=A A o
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2 EE o] 4ste] BT 60rpme] HAFE OWatto] A 2837 Fu] &
AN T, W 15Watt¥ ReHE Z/A7E OeA WEREAES o

Atk <(Fig 3> .

(Watt)

105 —

90

75

60

45

30

15

0

w-up 2 3 4 5 6 7 8 9  (min)

Fig 3. The protocol of graded exercise test (H ' et al., 1998)

230 mmHg °|’ 71 @ A% A AE FEAAT £ HRuaw 90%TE
of =&3stA XaAAY FaFes SUHNAFTAE EEaL vpA T 4%

SFH8FolE Borg (1973)9] 98] 1etE RPE(FHAZHLFZE) 28
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AAA7t &5 FEE FRAOR HGRER shgon,

all-out JH o =EstA S o,

an)
L
oy
>
=
ok
al
¥
fr

AT A& S 1) VE, VCOY F4% e A3, 2) CO9 W3E &
HEshA] 9= 0.9 45 AF, 3) VE/VCO:9| ®etE &WHtelA| ¥+ VE/V
098 B A=z A #AA TIEdd wuFee Aem AASIAH
(Wasserman, 1973).

=22 WMolS breath by breathd WHo= REAETt AAFGELS
AT 424 FHF(VO2 per body weight), 4v}4=(heart rate: HR), 3
3l 7] % (ventilation: VE), @< (blood pressure) ATFT AFF A HF

ZF(VOurn)sS S43FAT).

Fig 4. Exercise test for work rate
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@) 20879 AAALE program 2 A, @53E A3F 43

SEFEE Loadm(Watt)9] 40%Loadma(Watt) S 248t o9} 2
Aee Ao mF AE=083(ACSM, 1995)0 A4 A7} Lukele] o3t
SF - =AY AR, 28, AFEs /A4 - S8 AEA 2ad =
(40~70%VOzmax) el Al Qtell ZAst] HAA AT AFA AdoA <A
(09:00), 2.%(14:00), A'9(20:00)] HAIE HAASAT. Z+ 252 7~10Y

T g on, 7bed 3 ARy AAHo R JIFS WA
A BEE A AAA d2adEE o] &5t £ 60rpme] I HFE
OWattell Al 287 FHIE5S AA AT 2027 AHAALT FAE &
TR AAY 5UE FES SHA

40 40% W attmax

w-up 0 5 10 15 20 (min)

Fig 5. The protocol of 40% Wattn.x exercise test

E3 AWy gealE o] 23l EE Frayn(1983)2 WA A S o] &3t 4b
stgem, AW Akt EE [(1.67xV02)-(1.67xVCO,)-1.92n] , ©531E A3}

off

£ [(455xVCO,)-(3.21xV0,)-2.87n] o 9Ja|H =3 Achne ALuZSF 1350
g/kg/min= 7143l o] 43} TH(Romijn et al., 2000).
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(5) % Glucose 9 Lactate AAF 9 oA LvF &

s T AUAYAS d2e 9 dyA 2 FE

3 Glucose 9} Lactate HAFES FHA], 208 5% tdAE9 #HA

(@)
R

242 Super Grucocard II(Japan), Lactate Pro(Japan) &3t A48t
ATt
£33, =HHE VO,= Peronnet & Massicotte (1991)& iz 3l &5

< Ao o3 YA E 5E v A& skt

6. A5 AHd
TE A8 Age SPSS PC'(version 12.0) 54 ZT2ZIWS o]&slo] R
Aatgom 2 FAHA WS A oed 2o

1) Az welee] HAEAs} wEA
AE A 95t t-testE AASkaL, HH I o Zolvh U= A
Fol= Duncan WH <= o83ty ALy HASS AT

(@ =& A4 o FEL 5%z 4Fsart
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V. 9+ 23

B AFE MEA ST AFsE W 654 o)A aE oA 107 (65.5
3.04N)F AM&Al SeiAdgta Awtei it 108 (215 + 1.04)S e
2 27(09:00), 2%(14:00), A9(20:00)1 AALE HAA AT T &
7~109 A& T3 P on, 7t g AAFHOZ Y HilHoR oY
1A A FEE st 2083 WA 5 HAA F Aukg, Y, o
A 4] F3tE s, AW arskE, 4, 22, 499 3 ga

Aol g ZAi= (Table 4~10) oA H+= ve} 2o

4 o

(

£

d

o
=

B
o
! &3
i

7

i)
=
&l
jin)
o

2

1. 2087 A4A &5 F Aus W

AP AT AR Ed el A Ee WE 2087 AJAA +F F
Aukge] Wl vl A= (Table 4) oA H

Table 4. Circadian variation of Heart rate (bpm)

T 318 (n=10) Ly 02 (n=10) P-values
oA 108.0+31.8 135.3+33.9* .035
23 111.1+8.5 135.3+24.0* .043
A4 110.1+7.1 141.9+7.1* .025

Values are MeantSD, *p<0.05

Fol g dutqAigg e o At AdA - F Avrs ®s)
= g o]l 108.0£31.8bpmO & AW AT 135.3+33.9bpmE.th °oF
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27bpm(20%)E A YElY F JDE 2 FYSF AolE HYoH, o F
g AAA &F Fo= mHoAol 111.1+85bpm o & Y uko] 2}
135.3+24.0bpmX.t} oF 24bpm(17.7%) SA YElY F HdE 2+ {9 =
g etk B AY AIY AAA &5 F 5 /Y Y A6k W)
= ¥ ol 1101+7.1bpmo 2 AWk A 141.9+7.1bpmH Tt oF
31bpm(21.9%) FoJ3tAl *& AFS EATh oA, &5, A9 Atdd w
E 20879 AAA T F At wgol A nE o] dwto Zo A of
HI 8 frojshAl v AFES B ATHP<0.05).

‘EIYoung @ old ‘

200
180 | p<0.05
160 -
140 ~
120 ~
100 ~
80
60

A | A |

Heart rate during Exercise(beat/min)

Morning Afternoon Evening

Fig 6. Circadian variation of Heart rate after 20 min exercise



FAAA 25 F 4 A v A3

AL

2. 20

I AT dutAxgi gy e A Fd wE 20837 AFAA
gt W3l vl AdE (Table 5) oA H+ uvpel o).

Table 5. Circadian variation of Blood pressure (mmHg)

T 18 o4 (n=10) ¥ A (n=10)  P-values
A 161.4+12.7 144.0+2.8% 012
SBP SR 162.8+0.7 141.3+7.8% .003
A4 164.1£0.7 138.5+4.9* 024
A 81.3+7.1 74.0£11.3% 031
DBP SR 81.4+15.5 70.9+5.7* .004
A4 82.5+12.7 76.4+5.7% 042

Values are MeantSD, *p<0.05

AE g ety e o At ARA &F F F57] Y

Hodgo] 161.4+12.7mmHgO 2 YWk 2o 54 144.0+2.8mmHgk o}
°F 177mmHg(11.8%) =4 Wetd F A< I F98 Aol& BYoeH, &5
A AAA £F5 Folx P JAo] 162.8+0.7mmHg o2 Uuko] xu) &
A 141.3+7.8mmHgR o} °F 21mmHg(14.8%) =4 YEY F JAd 3 #
& Aol HAW. T AY AY AdA 2F F F AG 3o F57]
gt 140l 164.1+0.7mmHg o 2 Antoixt) &t 138.5+4.9mmHgk
o o 26mmHg(18.8%) =4 YEIY Yt ZolE HYT. o, 25 A
Y Ao @E 20879 AHA &5 F FF7] e a@odgde] o

Lo
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Hl ) o) stAl =A HEFsHH(P<0.05).
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3. 2083 AAA & F AUA LuF A3 v 2

aE gy dutldstye] A F] ©E 2087 AHA F
AR AulZe] W3l Blw AF}E (Table 6> oA BE npe}l 2o},

Table 6. Circadian variation of EE (kcal/min)

T 1#H A (n=10) vt (n=10) P-values
A 3.9+1.1 4.8+1.8 243
% 3.6%x1.3 4.8+0.9* .025
9 3.610.7 5.2+41.2%* .003

Values are Mean+SD, *p<0.05, **p<0.01

nEgT dutedAg g e oH ARG AHA &5 F A AN
F A Apole] §93 Aol YEhA &tk gy oF
A AAA %5 F a# Aol 3.6+1.3kcal/min 2 U ulko] 2o 8HAY
4.8+0.9kcal/min¥ o} °F 1.2kcal/min(24.4%) A JeElY} F A4 7+ 9
gk 2ol (P<0.05) 5 EHHow, AY AW AHAA &5 F F JE 2 oY
A ZAulEe] WM E aHoAdo] 3.620.7kcal/minC. &2 ko] 2o 8HAY
5.2+1.2kcal/min®. T} °F 1.2kcal/min(31%)E YA F& FFS HAT
(P<0.01).
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4. 2083 AAA &5 F g8E s vlu 49

I AT dutoAxgi gy e A Fd wE 20837 AHAA
st E bl Ee] WEt Hlu Ad= (Table 7) oA R+ nle} -t}

Table 7. Circadian variation of Carbohydrate Oxidation (g/min)

T & o 4 (n=10) o vk o 48 (n=10) P-values
oA 0.72+0.58 1.63+1.25* 032
°% 1.03+0.62 1.54+0.85 456
A9 1.18+0.80 1.07+0.58 372

Values are Mean*SD, *p<0.05

AP drteiAistge] o Aol Ay Attt AAA F
B gt Wste 7 A Alelel fold Aole yEuA &

srch. 2y oA AzY AAA $% T wE e Ao] 0.72:0.58g/mino =
dutd A &4 1.63+1.25g/min® o+ ¢ 0.91g/min(17.95%) A UeEld F

A 2 fFolg 2] (P<0.05) R .
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Figl0. Circadian variation of Carbohydrate Oxidation after 20min exercise
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5. 2023 AAA &£& F AW A5 F v A3

THAHY gtz E el A g Eo| mE 2083 AHA
A} AbelEFe] Mgl vlal Ay =  (Table 8) oA X+ npe} &

Table 8. Circadian variation of Fat Oxidation (g/min)

T 1E G (n=10) LR A (n=10) P-values
oA 0.130.32 0.14+0.66 246
9% 0.02+0.36 0.10+0.37 352
A9 0.08+0.36 0.14+0.29 312

Values are Mean*SD, *p<0.05

agolgdd Aty e Aol e AdA +F F AW A
shaFol Wste 7 JAY Abolo] fog Aol yEhA FRkAIRE, nFH A
o olA oF A 7Hh(0.02+0.36g/min)2} AY A7+ (0.08+0.36g/ min) 2]
AAA +EF F AW AspFERoE of A7 (0.13£0.32g/ min) 9] A3 A

F F A Aol B ¥ wAh
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Fig 11. Circadian variation of Fat Oxidation after 20 min exercise
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6. 208 AAA &5 F €3 WA F v A3

L)

I AT dutAxgi gy e A Fd wE 20837 AFAA
g WH3Eleo] Hlw A= <(Table 9) oA H

Table 9. Circadian variation of Glucose (mg/Al)

T 18 (n=10) Lr¥rA A (n=10) P-values
oA 17.4+0.3 16.1+£0.7 146
L5 27.3x0.4 24.2+0.4 237
A4 20.9+04 29.1+0.3 332

Values are Mean*SD, *p<0.05

agolgda Aty e A Eel wE AdA &F F 9 |
s 7 A Ateld g Aol YERA kAR, P oA 2
A A7+ (17.440.3mg/dl), &3 A7) (27.3+0.4mg/dl)ell ®l&] A9 A7+l
(20.9+0.4mg/dl) AHA & F £ T ®FE HPon, vyt
Aol M= 2 A7) (16.1+0.7mg/dl), 25 A]7FH(24.2£0.4mg/dl)ol H] &
AY A7 (29.140.3mg/dl) AHAA =5 F dF AgFo] B Ao Y
B}t

£ AY AR AHA & F F G 3 g9 e g odol
20.9+04mg/dlo 2 URFA A sHA) 29.1+0.3mg/dIE T °F8.2mg/d1(28.1%)
2 92 AF%S vedoy, F JdE 1 F9 Zole dERA edskth
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Fig 12. Circadian variation of Glucose after 20 min exercise
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7. 2087 AAA 2% F AN WaF vw A

selgn dutelATiste]l WA el wE 2083 AHHA
o] vlnl A= <(Table 10y oA E&= npe} Zt),

R
e
nt
2o
ol

Table 10. Circadian variation of Lactate (mmolA)

T 1A (m=10) AR A (n=10) P-values
oA 1.1£0.6 1.4+1.3 371
& 1.1+0.6 1.6+0.9 412
A9 1.1+0.8 2.2+0.6 291

Values are MeantSD

g Attty el A E WE A¥A &E F HA W
st 7 J Aol f{og Aole YERA AR, drko 2o A
A5 21 Ad(1.4+1.3mmol/1), &F Al (1.6+0.9mmol/1)ol H] 3|

Lo

A9 Al (2.2£0.6mmol/1) AAA 5 F FAio FZH o] WolAE A
S e

TS AY ALY AAA &F F F JDA Y] ik wsge 319 o
do]  1.140.8mmol/10.2 ¥t gAY 2.2+0.bmmol/1E T oF
1.1mmol/1(48.8%)% Al Yetstout F He Afojo] Folgh zol= e
A kot
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ABSTRACT

The Effect of Circadian Rhythm on Post-Exercise
Energy Metabolism and Circulatory Response

: the Comparison between Old Aged and College Women.

Lee So-Eun
Dept. of Physical Education
Graduate School

SungShin Women’s University

The main purpose of the study was to evaluate circadian
rhythm-associated circulatory and metabolic response to 20 min cycling
exercise at 40% Wattmax. Ten old women (655 yr + 3.0) and young
college women (21.5 yr + 1.0) were selected, and heart rate (HR), blood
pressure (BP), energy expenditure (EE), oxidation of carbohydrate and
fat, and blood glucose and lactate levels were measured at different
times of a day. As a result, regardless of measurement times of an
experimental day, HR and BP in young women immediately after 20
min exercise were significantly higher and lower, respectively, than those
of old women. Despite no significant difference in EE measured at
morning time, higher EE was shown in young women when measured
at afternoon and evening, as compared to that of old women. On the
other hand, there is no statistical difference in oxidation of carbohydrate
and fat, and blood glucose and lactate levels between the two groups.
We conclude that immediately after 20 min exercise, old women and

young college women showed a different circulatory response regardless



of circadian rhythm, whereas the 20 min cycling exercise does

appear to affect metabolic response in the two groups.
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