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The Effects of Glucose Replacement after

Exercise on Postprandial Lipemia
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Abstract

Previous studies showed that a single bout of endurance
exercise effectively to reduce postprandial lipemia. However,
the magnitude of reducing postprandial lipemia via exercise
induced energy negative balance is still unclear. The present
study was to investigate effect of the brisk walking with
energy replacement by glucose on rate of postprandial lipid
clearance. Methods: Nine healthy and inactive young males
(age 23.8+0.2 years; height 172.8+1.9 cm; weight 69.8+1.5 kg;
VO2max 49.0+3.8ml/kg/min; slope of exercise 6.0+0.1% >

glucose replacement 128.8+11.2 ¢g; energy expended 515.2+
45.0 kcal) completed 3 experimental trials: control trial
(CON), the exercise trial (EX), exercise with glucose
supplementation trial (EXG). During EX and EXG trials,
subjects exercised at 50% VO,max for an hour in the afternoon
on the day before the experiment while the CON trial were rest.
In EXG trial, a glucose supplementation, which the energy
equal to the energy expenditure during exercise, were given to
the subjects after exercise. An oral fat tolerance test meal was

given to subjects in the next morning after an overnight fast.



Blood samples were collected at fasting, 30min, 1, 2, 3, 4,5, 6
h during postprandial period. Data were analyzed by using the
repeat measure of two-way ANOVA for statistical analysis.
Results: the results showed that the plasma triglyceride (TG)
concentrations of the EXG and EX trials were significantly
lower than the CON trial during postprandial state.
Conclusion: The present study showed that exercise may
increase the clearance of postprandial plasma TG

independently, regardless energy balance.

Keywords: postprandial lipemia, glucose, energy replacement
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- & wn fF A I (cardiovascular disease, CVD)#&
B =g W %5 n g (hypertriglyceridemia)
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30-39% (Zhang et al, 2006) - d }» ¥ & > 72 #%H &M & ¥ F H
w R - T R R EBESEFEFR LT LR L kR R
CRRAECE BEARDOBS oo RN 5 ERRR L

60%~65%V O2max’ %5 % ¢ % * ¥ & % (Herd, Hardman, Boobis,
& Cairns, 1998) -

T~ 3 E R R
PR @R ERFY N R BER L N AR R

HAEdPREERFRT @R

Ludwig, Wenk, & Colombani (2005) 2 50%V O2max & # 5 & »

Wi H 30 4 ~ 60 A ~ 90 A - B % Eom @ H 60 A 4o 90 A

HAE S R B g B Pfeiffer,

4 0 S B R e g d AT e FP KBRS 14% - 15% -
Zhang ¥ ﬁ 10 R FHog i E R ;éiﬂf v B3 60%V O2max
# 30~45-60 4 45 > % M 45 » 4 % 60 4~ 45

% R A ] E



BTG H & T o f % v ixdleyr 304 4 & 30%(Zhang, Ji,
Fogt, & Fretwell,2007) -

Gill & 4 (2002)r¢ 7 ¢ @ B 4 2 2 F > & B %3 54l
B (P EH)EFE L] Ffe 2 BB R A 2 50%V02max
FRABER A E - FH L) FERE TGCH T BT 9.3%:
Eh 20 FERTOFE T 22.8%

Gill, Murphy, and Hardman (1998) 1 10 # & ¥ 4 ¢ %
FE A A E R AR HRRT A BT PR 60%
VO2max ¥ & & % & » - L@ ®HFFEFETF 90 » 4 > ¥ - &
HE R FRF R EAS 2 3 & F =t 30 Av\ﬁ_’..‘%%%?!fnﬁ,@_iﬁﬁ
TGk R " M itg B 4k 5 o

Altena, Michaelson, Ball, & Thomas (2004)~ 11 = § &
fe 7t eV R HE o Al G FER
2 (60%VO2max » 30 4 48 ) ~ B & & & & (60%V O2max » & & 10

AR L 20 A4 3 )k oo o R R E R RS

N

et
(@é
b

e i B, ¥ es S AN S
‘ﬂmrﬁ*’—g}’z i‘_{p%>

TG & R 7™ 6 # M F ¥

& P

5
P s wi@Ed vy EFELRE o0 H X KE R R
i R R RBFER S o B EETEHRET S LR
il g B o R F e TR A DERRR PR DE R
OB & on P8 W h g B E_4p 0 ¢ (Tsetsonis and Hardman,

1996b) -

10



FE2E ORKT S P BRGNP

LRI EDF LS §EREL LR TG KRR
2 F i & CVD v g % ¥ F+ 2 - (Vogel, Corretti, &
Plotnick,1997) - 2 7 & ©~ B "y % @ iz & * K g % § Bk it
o F @ 3 5 H R VLDL # % 2 = £ @ TG # 4 (Koutsair et
al,2004)r ¢ ¥ ® HDL-C &k A (Mensink & Katan,1992) > +
i BT R E A R AR A MRG0 s #E TG i
T K,lrt * '8 ™ (Jeppesen, Chen, Zhou, Schaaf, Coulston,&
Reaven, 1995) -

Koutsari, Karpe, Humphreys, Frayn, & Hardman (2001)
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e & pEdABRESAEEERLES

Y
Ik

- A gAY

A * 5 % ~» 17 &% (Vmax Series 29C, Sensor Medics,
California, USA.)~» 47 = & 5§ # 2 O~ CO2 7 & » 7 &£ % i
¥ 6 X s B G 8 ¥ amh # (Medtrack ST65, Quintion,
Seattle, Washington, USA)}+ » 1 % @ &% g & iF i B (5.0km/h
2 6.0km/h)R 4 Bl % > & 3 & 453 4 2.5%48 B > = 4 1F B (12
Ak) B E P E B 1 A4 VO B iE BB B - M
¥ oo 3 y=ax+bo £ a(# F)fe b(R ) 4 o 2N RPF
(A ]| —‘F% B~ #H 3 £ 50%VO02max ik B o

NI SE 2 W

h

FRXBFEREF ORI (B AR T)
i R ORR T L R 0 L 2.5%H R AR H R F 2 A &3
4o 2.5%H A 0 B I ERF RSB X 2AEDFHER -
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=
4
&
gL
ks
R 1%
\_
o

Bt R R F WA RN s R A

N = 2 2 . s A= 2
E ¥ F v F 2 g g ib X

* VO~ VCO, #c & 3+ & & -k it &
(Franyn, 1983) » 3+ & & f2 ;% 4o 7

CHO 5 i % (g/min) = 4.585 x VCO;, - 3.226 x VO,

Fat § * % (g/min) = 1.695 x VO, - 1.701 x VCO;
A8 L RZFHRE

BB L0OF A G gpfk Af % r § 3 EDAT gk § ¢ o g

# % p B o ok A 47 B (KX-21N > Sysmex -

ER ¥
KOBE > Japan)i* & & v % o & v % & = ;¢ (Dill & Costill,

1974):

Hbpre x (100-Hctpost)

A Y,
Hbpost x (100-Hctpre)

Ll

Rtk RGBS X A
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¥ -8 R4 ivEAs

FREASDL RHRADER 4 O~ A 2000# 0 oo
20 4~ &8 o dgpoo {8 B o R (8 ':ff\»)’ o % 15 % 2z 2
T A E e F & A R K 500l sha Jf: v k5 3 Y -80
kI AT E P o i ;lﬁf%&;;ﬂ:ﬁ B % :% % # (glucose) ~ %% § 2
(insulin) ~ 7 & "3 % p& (non-esterified fatty acids, NEFA) ~ 4
@ (glycerol)~ = p& 4 @ *3 (triacylglcerol, TG)~ D-3-% & 7 B
5 (D-3-Hydroxybutyrate) -

- ~ = B4 ¥ %5 (Triacylglcerol, TG)
B in Pz peH W g 1 ¥ E W e (Wako, Osaka, Japan) 2

po# it & 47 ik (Hitachi 7020, Hitachi Science systems, Ltd,
Lbaranki, Japan) 4 + » = Jc & & & 600nm - & A & 700nm >
v 8 F B R E AT

2

$ - h 3o

ATP GK ADP+glycerol-3-phosphate(G3P)

Glycerol-3-phosphate GPO Dihydroxyacetone Phosphate+H,0O,

DR

Triglyceride+3H,0 Lipoprotein Lipase_ 3 Fatty acids+glycerol

Glycerol+ATP GK ADP+glycerol-3-phosphate(G3P)
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Glycerol-3-phosphate GPO Dihydroxyacetone Phosphate+H,0O,

H,O,+4-aminoantipyrine+tHDAOS Peroxidase Blue complex

Z ~ % " 7 p (Total Cholesterol, TC)

i Jf: P TC M B # # & x (Wako, Osaka, Japan)% p # it
& ¥ & (Hitachi 7020, Hitachi Science systems, Ltd, Lbaranki,
Japan) » 45 > s dc & 4 & 600nm> & A & 700nm -t F £ R
B2 e

Cholesterol ester+H,O Cholesterol esterase Cholesterol+tRCOOH

Cholesterol+0O, Cholesterol oxidase /A 4-Cholesterol+H,0;

H,O,+4-aminoantipyrintDAOS Peroxidase Blue color complex

S BB AE Y RFBHDL-C)Z MR A % 9 % HE
(LDL-C)

x 3f: PR R OR " kv B ¥ ZE oH (KYOWA, Osaka,
Japan): 2 p # &~ {47 % (Hitachi 7020, Hitachi Science systems,
Ltd, Lbaranki, Japan) 4 45 » = 4z & & & 600 nm:- & & & 700

nm:-> i* 2 F & B 2 4o F

HDL-C+H,0O Cholesterol esterase Cholesterol+Free+Fatty Acid

Cholesterol+0O, Cholesterol Peroxidase Cholesterol+H,0;
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2H,0,+4-AA+HSDA*+H3; 0O Peroxidase Purple Pigment+5H,0
—_—
HSDA*:SodiumN-(2-Hydroxy-3-sulfopropyl)-3.5-dimethoxyaniline

£ Al * o838 LDL-C & :
LDL-C=TC-HDL-C-TG/5 (Friedewald et al.,1972)

 ~ % % #¥ (glucose)

£ % 7 § ¥ # 0 Quick Auto Neo Glu-HK 7 # 3 4l
(SHINO ,Tokyo ,Japan) ** p # it &~ 47 & (Hitachi 7020,
Hitachi Science systems, Ltd, Lbaranki, Japan) 4 47 » =% X &

A & 340nm > & A £ 450nm > - B F B R E 4o T
Glucose + ATP G-6-PD G-6-P + ADP

G-6-P+NADP*—— 6-phosphoglucoin acid + NADPH + H”

I ~ M9 (non-esterified fatty acids, NEFA)

i Tf: O AE e Rk R O ¥ ¥ W 2 (Wako NEFA,
Germany) ** p # i & 45 ik (Hitachi 7020, Hitachi Science
systems, Ltd, Lbaranki, Japan)t #] > i & & J& fh 2 4o

NEFA+ATP+CoA Acyl CoA Synthetase Acyl CoA+AMP+PPi

Acyl CoA+0? Acyl CoA Oxidase 2,3,-trans-Enoyl-CoA+H,0;
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2H,0,+TOOS+4-AAP peroidas purple adduct + 4H,0
_—

= ~ 4 # (glycerol)

» ;“TJ% "4 kR L F ¥ ¥ A (Randox, Co. Antrim, United
Kingdom) ** p # 4~ 47 % (Hitachi 7020, Hitachi Science
systems, Ltd, Lbaranki, Japan)i # > it & & & K 32 o T

Glycerol+ATP GK Glycerol-3-phosphate+ADP
—
Glycerol-3-phosphate+0O, GPO H,O0,+DAP

2H,0,+DCHBS+4-aminophenazone POD_ & ACSB

= ~ % § % (insulin)

I :ff: vk f %2 kR M B ¥ A =& (Roche Diagnostics,
Mannheim, Germany) »* % + /4 % %~ 4 % (Roche Elecsys
1010/2010, Roche Diagnostics, Mannheim, Germany ;
MODULAR ANALYTICS E170, Roche Diagnostics, Mannheim,

Germany) -

N~ ~ D-3-# A 7 B "y (D-3-Hydroxybutyrate)

i “Ff; P D-3-# & 7 B o kB N F ¥ % & (Randox,
RANBUT, UK)» m g # & {5 tx (Hitachi 7020, Hitachi Science
systems, Ltd, Lbaranki, Japan)# # > = sk & ;& £ 340nm - it
EFREREZ4T
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D-3-Hydroxybutyrate +
D-3-Hydroxybutyrate+NAD » acetoacetate+tH +NADH

dehydrogenase

S
v
>

>

¥R T G

ZEH W R -FRF s B-FRF % 2 -2 D-3-
HA TR -FRFSOY RT R ff 0 e 8RR RE R
T OFTT R #F A B0 87T 5 ff > TRE Ao 7+ F > &=
£ 8 A e fF 2N B 4 & T o5 f (area under curve, AUC)
oA d T OH 4 & ff (increamental area under curve, IAUC >

# 2 Baseline ™ T & #) o

$ 48 m A

T BB P T ol 2 REFE A G o B F S LA
¥ %% R KA 52 (two-way ANOVA) > 17 7 | 2w 2 p& B 2t
AP RE o AN A R B T OFTT & 6 ) B & & 5 i & 7l

3

4 it s F 3 &K FRE 2 Bonferroni 2 i2 7 % 1

g * H %3 £ 4 F k% L s 17 (one-way ANOVA) ¥ 3+

AR RN bw AR R EY AT PR LN

¥ > Bl £ 2 Bonferroni 2 i (7 ¥ {4 v g o KB OF KB G

P <.05-° #f3 S3-Hcfp ® * i3t SPSS 16.0 % & 45 o
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XRE A AT RS- o AP R RGO
Rl % £ 4 5 23.810.2 &0 ¥ F 5 172.841.9 2 A -4 £ 5 69.8
+1.5 27 » k=~ #H3F £ 5 49.0+t3.8ml/kg/min:> i# & & B 6.0+
0.1%: § & # 44 « £ 5 128.8411.2 =~ 5 > &t & i 4£ 5 515.2+%

o

¥ -8 oRdiviE s

o g OFTT 7 k @ s % TG kA h % it 4 4
Bl - oo & ® TG kR oW 2 FEF G OB F IO
(p=0.009) » EXG = & ¥ i< * CON 2 (p=0.003) EX = 4 3 ¥
i % CON 2 (p=0.04) » EXG = & EX =2 & ¥ ¥ £ £ ; OFTT
i TGk R & 2 PR BY MY S5 E(p<0.001) - &
1 PERY EBL A B 2w 2 % 0 & 120~ 180 240~ 360 4 4 EXG
o B ¥ M3 CON & (p & 4 4 % 0.016~0.001~0.001-0.025)
OFTT # # & & 2 F 2w TGk A - F & 8 T 3 4 5 f 4 B

= > CON %= & ¥ & * EXG & (p=0.012)%2 EX % (p=0.006) -

- s RERR
ok ow 22 OFTT (4 % FEB??I%‘"i;“rJ% TC kB e % L d R
4o B = o;ifﬁ{f TC E R A ou o B R L3 v A3 ¥ L8
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(p>0.05) - 4p b PF P B % b 2 % > & > B PR BT & F L

£ (p>0.05) -

T

B B AR5 RV " FE(HDL-C)

3k eu & OFTT & 7 F @ & i Jt HDL-C Jk & % 1t
My W I 0 mu EERF LI kAR F LR (p>0.05)
AoAp B PR B B 2w T > HDL k B 2 2 & ¢ ¥ £
(p>0.05) -

o~ KB AR Rv % EM(LDL-C)

3ok feu g OFTT @5 2 k B s %t LDL-C ik B h % i
RA4- B~ > W BEEFRF I AEREFLE(p>0.05)>
AoAp P PR Z 3 R 2w T - LDL kR B A E K ¥ L
(p>0.05) -

I ~ P85 % (NEFA)

Aok okwl g OFTT 2 7 F p B & & NEFA )k R h % 1
MR - o mumEpEEF It k¥ LR (p=0.001) - 48
PR ELZ B 2w 3 s 0 EXG e & 180 4 4 (p=0.018)% 360
4 (p=0.005)% ¥ < CON = » H & p @ 21 & & ¥ £
(p>0.05) -

= ~ 4 @ (glycerol)

Ao o g OFTT @ 7 k B @ & % glycerol ik & %

34

3

A

jL

WM Ao R N 0 mou B R T oA A ¥ LR (p>0.05)

hoAp b PFRF B A o w7 o> glycerol kR B A E K F L

34
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(p>0.05) -

Ve

* @ & # (glucose)

3k feu# OFTT 57 k B @ i % glucose k & ¢ % 1t

T

R4 B4 » ew @ PFRF 23 cgidF LE(p>0.05):

34

AP P PR B B 2w T s glucose kR B A F LR
(p>0.05) OFTT il #* % & % F 2 % glucose E B -pF FF ¢ & T
HBWA4qem faoB L 2eFralx LR (p>0.05)-

A~ 3% % (insulin)

I SR OFTT%@ZFﬁ%ﬁ*iif]ﬁinsulinié)ﬁﬁﬂ%ﬂ W
RA4c B+ - > w2 EF I AdiEx £ R (p>0.05)>
moAatp R ERER R N T oinsulin B B 5 A E ¥ o OFTT
BlFE R 22 B 2w insulin kB B -FEF ¥ &7 & 4o B - -
AR TR e dn AR PR aEaF LR
1 ~ D-3-# 3 7 Bt 75 (D-3-Hydroxybutyrate)

4 ke w g OFTT i 7 F p B & & D-3-Hydroxybuty-rat
E R G H LY RMAR e o BREEFIRAEEF

MR B BB R 2w T > D-3-Hydroxybuty-rate jk B ¥
A 2 8 ¥ o OFTT Bl :# £ ¢ 2 F 2w D-3-Hydroxybuty-rate

E R -PERY ORT R RT R R BT A R
P RF T EFLR
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BAE LR RER SH LAY §FB(EXG &)friE
E)PRHFR RGBS TGRR o 2 B Y TGk
B-B B R bohd AT 6 ff ko> F B eha 2% i b F RS

28 %

B 5 TG h#f 4 £ - d

14
N

T
RN M FH R TG éﬁy‘%—“,f o0 vk A

€ Fl i AW L FEAGREEFL o N EhY BT
Fik TGk F ot g i f TGy p v it LE b
A B0 WK e Koo
¥- & 2P 3L L8

AF TSR frEL AT ERG - KPR E o2
fie - BEE P HELE D R BEVTHEE S Z YR
ErEFRF KR AENT - - WP o

T # imﬁﬂ;g%;—‘r » B F i OFTT 8 & J ¢ TG ok
7 i & d o WK eha B4 L 9rid 2 h 2 % (Burton,
Malkova, Caslake, & Gill, 2008) - ¢ ¢t » iF & A & & (& i £

MR G ALY o FRAEH T F AL
FEE BHrEE S i R §EFR R R s

Z (Harrison, 2009; Freese, Levine, Chapman, Hausman, &
Cureton, 2011) - & Harrison % % (2009)eh &= 7 ¢ » % x & %
WOE R = o o] oo E PRELFHF LR - L T0%
VO2max e i@ & {6 » 5 F & = X B3 F F B

¥ EY
w F RS AR F E B A ¥ = mp £ E R e
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o Py EHEEFRFENLE TN FEYH L K
& Haﬂfa;%“,értiw‘;«ﬁ%ﬁuzﬁg% T E B CKE L o o
B 0 A f 7 EH

Freese % % (2011)en s 5 ¢ » 4| % i 4] i&
£

Ar s TEB2ALEIHLELEH L LR BEBRBET B AR
P p BB e PR E Y B BER R T BT AR
E_g&E%“%@%%;L"aszm,g-%zo

AP TN MR REARER DD FEFER A T B E
Rl s SR E N F RO L DR
w&l,{}ﬁ‘éﬁﬁi/b%}\lﬁfb}va};i;:i%%cﬁé;’éﬁjﬂ_pgﬂﬁ/%—l!ﬁ
ForfeRF AL IR EZRTEFDLE -

g SR 7

¥

R LR OB T G g A

By 3 - R ¥ - B R F o kg ¥ iE

(EX E‘)le%ﬁ TCE RN F K3 dle 23 F 7 4

WA L Harrison % 4 (2009) & A3 & {8 = T 4 % B
§

- i ik

O
N
>
m*_
E W
=8
Sy
S
o

KA ERE B (SN R Y M
BAERA AR KL P e>pdle>Fse Fa g

R ch PTG )k &R & ™M o Freese % 4 (2011)ehs= 3 ¢ & %

kS
N |
2

B AR NI EROTRER AE RS 304 4
FAt LR EY R F e BB P AR e RN P S
Tt Rl e R E R FE R 2 L ek W BB R

5
ﬂ:fbgzgﬁs—r,iﬂﬁ:’ TG ER ¥ TG d s T

4

¥
BEFANERT L rdle -n Ay 0F 88 2]
B e F E oy a4 B0 4 ] out B A

B o U R SRR R R LA ESE RN LY F B E>E R

ek
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AE T FR MR R DABRTER 0 B RE G R KRS
B g e 4 AT f Ay M@ BT R MK 8 TGk B - Mestek
£ 4(2008) 3 14 ¢ A g E I A w0 R BEER
35-45% VOzmax ~ i F 2 % ¢ 5

b

60-70% V O2max ~ X % B i&
BE®Hfof 4l e X2 OFTT BB At g %10 o 3 1
i R e TGW M T & f T % 27% M R wfcd % R e T
BB A W T O 22002 21% - Gill % % (2002)11 7 %o B A4
XRFRE o AHMES (P ER ) R L) FAfe 2 ) o
Eh o R 5 50%VO2maxe F M AP R Hl e FH L) FE
B i om oy v T ¥ T % Q3% WE R 2 ) BFoE BT %

22.8% - Pafili % + (2009) 9 = i & A £ & 3 5 9 & 3 #
foo A LR B I E GRMS8 minfe 4 s o 2 2 3

Fhomirdle o REESGYT AL B E S ERE TG
vOR T o ff R 4 2 12.1%- Miyashita, Burns, & Stensel
(2006a)12 10 % # ¢ @ B 9 M » & 7 70%VOz2max §4 % - A 4
S dle s FEH 3045 B 10 34 T K E R B
pE R R TG E A I 4] 2 K (p<0.001) -

B & 5 TG T % g R AP o AT B KV
s R RER e TG ¥ M7 6 ff T % 25.6% FHH LG §F B
2T 30.8% - F oo I E 2 ﬁﬂé)l%’%ﬁ{, - S N SN
FwAEM A ER LS ER S FREPFREEFGERAE L
ﬁTG;ﬁé&i_‘rﬁéi% o

iRk F ko BRHERRAREDF N FH PN R



e g & F A ER L B a4 o Tsetsonis & 4 (1996)
f= Zafeiridis, Goloi, Petridou, Dipla, Mougios, Kellis (2007)
MoAp o £ fr 3 B E B o B & B (3h,30%V O2max f=  1.5h,
60%V Ozmax):i& 7 @t 4 #F & » % & 3 M B & o 5 T % 48 4
oo Flot g R @R E RS Y AR E R R RSP
o @ da £ £ 5% WA TG E &8 Fl %2 2 - - Altena
% 4 (2004)7 60%VO2max # FiF & 30 » 48 frdp F 8 & 3 =%
10~ B EH > S FRPREREAET £ 3L %73 4k

TR %k o fr AP 7 AR A > & Miyashita (2008) 4 =
&

v

L
TR ERA AN A S - o N KRR AR

Fh 30 4 e B R F L B KR PE S LT R
ﬁji?%ﬂjﬁ,-}—ﬁlul‘j:oé,_féﬂ}ﬁﬂgzt’ ,ﬁg‘—-ﬁgﬁ;;g,ﬁﬁ—:q;
260 * + > M kT F X 400 % F o B4 - B A

B oo — /) B o 50% VO2max 4_ B i

ks
= »
o

g
<
5
m&’g
At
il

FIE SR BB EEL LN T EOR T

Eﬁ&%ﬁq{ﬂi‘%ﬁﬁa@@éuifﬂijﬁ:ﬁ TG ez % §_d
W E R R R B4 L 9 2 eh % % (Burton et al., 2008) -
B AR IR T MR M OB s n fp o H O E KT RN R Ry

Fob fr TG e dy o i B b b Ak 2 TG 02 R devv &

i

R o o s B OA 24 o B &% Malkova, Evans, Frayn,
A

Humphreys, Jones& Hardman, 2000) - = )’j*u{;m v iE B e F

PR e R B o S R KR SRRSO

a A e 4 B e ok ¢h &~ % (Miyashita, Burns, and Stensel,
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2009) -
3 ENE
YR

vu iy F-v Fn %% fF (lipoprotein lipase, LPL)ev & 4 » @ % i€ 3%

¥y - B EREHE TG T % ch R 5 > Al
4;#{@‘3"&??%@’;&%{?“ b FER TR 0 G

B2 ER VA ERH A F R LPLaFEME Fla ¥ B H W =
fa ",ﬁ?( Kiens, Lithell, Mikines, & Richter, 1989 )- Gill, Frayn,
Wootton, Miller, & Hardman (2001) & # 3 ¢ % R & & § R ¥
B Ao ve g om0 & M 4 0 Fl@ B 4 LPL e E o K R ? LPL
E M AFE R 6 8 i F % (Seip & 4, 1997) - Herd % «
(1998)# 3 ¥ # M » @k L @F F @ H 4 » T o LPL EHH

FLA oL R TGRA T R EE R » X FF o LPL

B

BB G HMF LA B4 FRLPLER s £ TG

TR G ATFERE LR E AR LPL M
v R AP T RS PG E P 0 M REH R FEMAE
{6 ha fg %k R o & Ferguson ¥ 4 (1998)#F 3t w & 7 F it £
WA LPL Ao R > & % 5 800 kcal ~ 1100 kcal ~ 130
kcal ~ 1500 kcal » #/ 3 % % # 3 1100 kcal 2 F a5 & § 4
ie @ LPL & 1 & F & (& 24 ) pF kg ¥ + 2 > 1500 kcal & & i}
Mo 4 F P {s 48 ) FF LPL #F M i AR ¥+ 2 - Katsanos %
A (2004)#= 3 ™ % (25% VO2max) ~ * (65% VO2max) & # % B
g 1) o LPLER R E > 3R LPL chig B & @ & 4
20 ) o3 B oF 2 o@ MR R E B R A E KR F o L A
Miyashita, Sasai, & Tanaka (2010)s# 3 ® » 2 60%#H <~
Bt i (T d R 30 A s EH )L £ 5 208+12

kcal» % % % M ¥ =x 30 » & e % i & & & 5 24 30 % KA o
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BTG a & 3 L1 50% VOomax  # 5 A& 4 B 1/ B > &
it £ 42 515.2+45.0 kcal = Fl g o o 0 B R L 5
SR FIRKR LPL R ESF R LAY - R FAE N
RE AT ERRALARFT IR R L DR S

R R e

A 52 ;E &% A g ,j]{» TC~ GLU ~ HDL-C ~ GLY -~ Insulin ~

D-3-Hydroxybutyrate 4% X & & ¥ & & - *# F 3 P 5% 3 1 I
Flaw € T HF > 2R B EHDHLEFLDREELEE XERF

THhERE BL Y BRI AER LR LRET
fe oA B % TG T "% > HDL-C>» FFA 4- D-3-Hydroxybutyrate
# % o ® F(Burton ¥ £ > 2008; Gill & « > 2000; Gill & + >

n
2003) » AP @ F» AR MRk E P & ST R R R T

o

(Koutsari % % » 20
A T o AL P OB OB %R o

A% ¢ HDL-CE R 3o Wi A d B ¥ &8 & i &

1) o fe iz ot B8 3 A A Ff (87

T F e FH ey K44 - Harrison % 4 (2009) 0 #
T4 7R E SR BRE R SH LRk E P e E R
HDL-C k & % ¥ M & & %2 ; Ferguson % 4 (1998)# 3 *# =
# R F FH )L £ 5 800kcal F > HDL-C Bk B A 7] i
a k% >0m p FEH KL £ iEF 1100kcal » HDL-C ik B
Bl 5 B F W 4 o 13 35 & &3
>800kcal » 7 E‘**v?ﬁ%‘ﬁ:if{“ HDL-C kB » & ¢ & 18 & 7
e A L B¢ B F HDL-C 5k B -

E E el A BOERALSER AEHY > LEFRIF

it

S E R H A EB T N R
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% OFTT # 30 4
T

B
5 3% B 50%V O2max

% & Gill & 2 (2002)%F 3 % % 40 0 > 10 iF

Eh 90 A4 FRER e TG o T G M EF KT

o bz MK TG ERE % 3 ERAR X 8288 F M o

Tl FRER AL G NF FET G B K% o

mER > ¥ M TG R A T & 8 F ip M -
THRPEE T LB FER PR R o ET G OM G oo R

oo : Al FHE GRS
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% 50%V O2max 731‘»\&%» Rl RS

TG o
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