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The effects of diets with different glycemic index and exercise on

postprandial lipid metabolism

Abstract

Postprandial hypertriglyceridemia is one of the risk factors for cardiovascular disease. It
has been shown that low glycemic index (LGI) diet can help reduce plasma levels of
lipid, glucose, and insulin in healthy people or patients with hyperlipidemia, diabetes,
and cardiovascular disease. Consuming LGI diet before exercise resulted in higher fat
oxidation than HGI diet. However, little is known regarding the effect of diets with
different and exercise on postprandial lipid metabolism. The purpose of this study was
to exam the effect of diets with different GI and exercise for 3 days on postprandial lipid
metabolism. The subjects were 6 healthy males without regular exercise. A cross-over
experimental design was used. All subjects performed 4 different treatments, including
LGI, high glycemic index (HGI), LGI diet and exercise (LGI+EX), and HGI diet and
exercise (HGI+EX). The estimated GI value for LGI and HGI diets were 40 and 80,
respectively. The exercise protocol was brisk walking at 50% VOjyax for 60 min. On the
fourth day oral fat tolerance test (1.2g fat, 1.1g carbohydrate, 0.33g protein / kg body
mass) was performed. Blood samples were collected in 0, 30, 60, 120, 180, 240, and
300 min after consuming the test meal. Plasma levels of glucose, total cholesterol (TC),
low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol
(HDL-C), and triglyceride (TG) were analyzed. TG concentration showed treatment and
time effects. TG concentrations were significantly lower in HGI+EX group at 0 and 30
min than those in LGI group. TG concentrations HGI+EX group had lower TG
incremental area under the curve (IAUC) than LGI+EX group. TC concentration

showed treatment and time effects. HGI and HGI+EX groups showed lower TC levels
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than LGI group at 0 min, while HGI+EX group was lower than LGI group at 30, 180,
and 240 min. HGI group had lower TC level than LGI group at 120 min. There was
only time effect in HDL-C concentration. LDL-C concentration showed an interaction
effect of treatment and time. LDL-C levels were lower in HGI and HGI+EX groups
than LGI group at 0 min, while lower in HGI+EX groups than LGI groups at 30 and 60
min. Glucose IAUC was the lowest in HGI group, while insulin IAUC was the lowest in
LGI+EX group, compared to other 3 groups. The results of this study suggested that
exercise may reinforce the effect of diets with different GI values on postprandial lipid
metabolism. Diet along did not affect the changes in TG concentrations after a test meal.
However, the 2 exercise groups showed lower postprandial TG

levels compared to the non-exercise groups.
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#(Low Glycemic Index, LGI)s4r & 3+ i & % W B~ BRI R gl
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P oo R o u;ﬁf;ﬁ;{[&]AJA;@rﬂ?ﬁ: Lo k= ATt 5] 9.62% o
2 LA Ren PR o b= A vt B 9.23%(17 FetefEsd ¥ 0 2003)° Cohen (1998)
v B {8 % = fay ¥ & "5 (Postprandial Hypertriglyceridemia)&_i¢ = CVD =%

Py ERE 2L pap L 0 RS L R 2 Y W fia(triglyceride,

TG)ER ¢ 2% + 2 & TG kAR # 4 ‘a4F & B 15 & (Patschetal, 1992) o & 4 ¢
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B ke s OB RO AR G P 0 2 MR R g b9 (Very low-density lipoprotein, VLDL)
§F A RATG FAE R Y adv FRAF LS KPR L VIDL H 40 T §
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BEFFEEX ’éﬂ » Weintraub % 4 (1996)r4 192 =fe & CVD it 13 & x *3
S ﬂk? 85 i=ix3 ek CVD » i3 B o qlfimxpé‘“Ji;P Ecll fﬁ’lﬂ*._
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MTGW BT o fFoHFW LFHF LE TG A tgA { 5 P & -Zhang, Thomas, and
Ball (1998)1 21 = TR E RFFEHhT M2 % > $F34 7 B EH T A
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) 0 1L 509V O0omax -AEH 90 2450 RS 6P Eh e TG o BT 6 4
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Daugherty, and Schonfeld (1992) 17 8 & AEF G B ERw o EE R
£ - &8 5 30-40 miles > fi% b 3FH 24 0] PELS o FUR ORI S0 4190 0 54 B AR A
Ty a4 3% Bor e RE S ER ek PR AR EFER IS5 Kk TG kA
e § — feim b & i”;:l/f%#:ikg # 4v o F $%3# > Hardman, Lawrence, and Herd
(1998) + F 8o em= $ M 12 10 (9 9 1 %)wtd ALE® | 5 % o 2 38¥
A i ki@ E 1S P60 L 65 2 0 RZUGRET o R REFE DS 60
B/ ez 6.5 % J\TG/ET}‘ZhrSﬁ“f%vL Ed 1.5 FF22% 0 m ik REFH Y
60 B ] PFFLE 65 %X 15 TGd T G ff 4 B B3 ip 1t EH 1.5 ] BF 25%% 29%- o
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Z R RE L TG s

P At g g ik B¢ %q 3o 7 fRpE(lipoprotein lipase, LPL) 47 #1% # TG k
Bdi & FF2 - > LPL A & A4 Gtwres §RIUs 2 e S i F PR
‘mfe 4 6 o LPL § K% TG & Prdpig 95k 10 18 » B G & § it R i¢ ¥ (Fredrik
etal., 1998) « # kervt 5 &5 SFAF fechfical B 0 A D Fho2 (Sl B IVehiRTR o
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(dyslipidemia) ¥ 7 5



Herd # 4 (2001)F% 3 % 3 LPLA frii 3t TG kR 2 B LR 4pH - &K 75
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1989)0;1’]@‘ TGRALF bR F 4B [ FEIITH - FEE LT
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i LPLA i@ (s 24 -] prEE ¥ + 21500 keal ic € i 42 2 38 # {5 48 -] pF LPLA
%R B F + 2 o [ R+ o Katsanos, Grandjean, and Moffatt (2004)F7 7 = & A % €&
55 B (25% VOomay) fr® %18 #555 & (60% VOoma) 8 # 60 4 45 ¥ LPLA
B hiEH 60 A 4aiE(s 1] PFLA B atrak & (1.3g/kg/ bodymass) » % 8 )
Pridsg BiEH LPLA + D ¥ 337 S FH R A efrg@d A~ 2 LE A4S 20
Y RERRR B IPLARFR AR o



(= )izt FH

Herd & % (1998) H#¥rm #m 3 @ » Mgk L (69 8% ) Z¥% &
B % 15 ] pF LPLA + 2 > @# {5 % 60 B p¥F LPLA T 5| A% E > 2 3% 9
% LPLA sk & mRasF pi@d s avk > Bori@d ik LPLA dwidk afic® {3
FAF TG - ER R AT Y REER 0 4 7 AFRF HLPLA - F
# > Simsolo, Ong, and Kern(1993)+ 45 » L gaif & &%k 2 B HiFH R > &
5]% ? LPLA * % 45% > 3vp ¢ LPLA T "% 759 > iv §_*g ”ﬁf‘:ﬂ.ﬁ%“« ¢ LPLA * = 100%
(Simsolo et al., 1993 ) -

(2)m kit R
Nguyen, Mijares, and Jensen (1996)% 7 & 1 v ‘& BB R R e BBk %

{8 P54 Py 95 i (free fatty acid, FFA)ehig 15 8w 30 Fg 35 o B AT Y —*‘Ff W E o Ren

.m\t-

i g s Fp Ry e e e LPLA A AR E oo A up w R LPLA
T3 E - Bi&keandd o eF Ladu, Kapsas, and Palmer (1991)3p &) » & e g 9 e

3%\« LPLA #* FFA BF ¥ M3t 4N 4 58 % > i@ de woep LPLA 8 p5dp sy vt &

Bd N A o i BB A~ T o vup LPLA A By nA i o ¥ ivi R
F] 38 g

-\-‘t

o

daf R g REn o B vep RS R i o Py R R
LPL ¥ 12 #- TG -k 25 FFA - v/ § i feni ¥ » i 2 7 ridd 9 TG ki3 &
FFA > r (i » e ? kg« @89 oo e LPLA 1+ 2 7 v 7 TG k2
% FFA > 14 feil i » > @8 (5 o g LPLA #5410 = 0 7 ik it 7 e
TG k3% FFA » it » vop sk » g (57 = @80 iRt > F 0 388 00 i Sy b

17 V5 e B R 9 o

(2 )i #+ % * LPL mRNA

Seip & 4 (1995) k38 4 EA i en T S %% > 0 §FEH A~ 513 2 &

10



FECER 2 EHEF S 30 4480 A7 3 R F 529 LPL mRNA 3 4c 117% -
e R e R AE A ERE P AV - o Siep £ 4 (199711 9 it
F A (49 5%) Z¥% & X 02 55-709%V0omax 38 H 60-90 445 0 FH 52 A
% 5 % iEd A~ {2 4] pF LPL mRNA 3 4 127% > 388 4 » {5 8 ] BF LPL mass
H 4c 93% - Ladu, Kapsas, and Palmer (1991)3p ! 222 « Bl i& # o 75 %% o 5% LPL
mRNA % % 42% > =%“LPL mRNA } 2 50% > v s}t 2 100% > &6 2 3% FF 6
2] pF EE A 1S 24 ) PEE A Sk LPL mRNA & 2R " i< 23% > Ain @7 1
F %3~ LPL mRNA th% 5 > & frfrd]%3% LPL mRNA & 38> e _p % (4% 5
W 4 487095 2 % LPLmRNA £ Rejp B A= 7

o~ 7 GLAR 8 #2187 F S35

LR g Ben o F - BN SRR A G R e § - 0 B oh Kk kg
GE R TP LRI AR ERE L ZPI*: TG = % "% i1 flow-dependent
vasoactivity > &_ig == CVD & ' F]+ 2. — (Vogel, Corretti, & Plotnick, 1997) - 2_ =
X% Wk SERAR Y Mg o g BUOR 1Y £ F(60%EE K T & 40 25% % 50 15%
o ) s RRF R sk s 0 RS 3 AT HERFZER TRORT &P
g Sl e R AR B kiR TG kR Y2 S LDL » g2+ 4 > ¥ @
BAORC GG €33~ insulin 4B 5 i@ a8 5553 (Jeppesen et al.,
1997) - Koutsari, Karpe, Humphreys, Frayn, and Hardman (2001):2 8 i 4t & { & # %
MEHG LS RF 3 A Eafaa i r o RSy 4 385 MEkiE
PoBROKMEF IR BRI S 4 L iEF (60%VO0imx EH 60 A 4) 4 » o
FE 3R DF RG2S MBERK EF T A A TG o AT 6 A B F KT 3 B
kit g R A A FRORT EF e P @RS oMk £ 5 TG & & G ff KAp
o FPL T A AR 2 R g A S S NBTRLIS IR - AhArP o P T ET
EHIAFTUERESTGHE v e pa ity P o BX AL RBART & Ok

£ % = #&4p dic(high glycemic Index, HGI) & i = #& 45 #ic 2 545 #ic(low glycemic

11



Index, LGI)e & 4~ -

(- )= Wdp i 2B e

< fedn #ic (glycemic Index, GD)E4n & * &4 (6 $u OB L - L F Gl L
100> EERBHF ST FEIRL AR LERK GF PG (50 2t 25 2
20 BB 2 PFEMLBORT > RS B8 L B BT 6 ff (Jenkins et al.,
1981)c 7 I GI gk it &EF R Fy 5 28> sF e B74 2 dF i
BRFILY A TEF > R LB BRI &z s ) v i ¥ (Jenkins et al.,
1987) - fij H e > HGI ehé 4738 » A M 15 5538 [ % chif o fe g g B2 ¥ 5
o ERLBEELELBF2 LGl hEabELFEBOEEARE LB L ER
¢ g fofg 20 ¥ insulin 4 % (Jenkis et al., 2002 ) -

FI* GIF g 2 b a4 ¢ fplk £ R 1t & 5 #5974 2 5 Gl
P B2 R amp-kit EFaf? cnf o DA g F A 5 RR L
P Y 3 T R B P -3 CE e
A S S AL BE A A4k (glycaemic load, GL) i 7 frif &
> afepk it E TR E(GL=(84 7 ¥ {* gkt & 4 ch5 #1xGI1) /100)
Flpt v E L a Y BRI & B ¥t B S (Lenner et al., 2004) o

LS HGI 84 > n ’I‘ # ¢ 5% - insulin € 45 4 8B tF & (Jeppesen et al.,
1997) » £i¢ & CVD thjt % 7|5 2 — (Leeds, 2002) - i3 475 ¢ % 3 LGI bk
SHN AR DR EE - B L S AR & o CHD s A 7 il enfl F Bk s
;¥R E Mg B s i - insulin(? B GL AT A A R A & ) o Jenkins ¥
A (1987) 3 LGLA S 4 ~ 48 o P p BB FE O LGL& & 41~ 332 18
TC > 8.8% » LDL-C &> 9.1% > TG & > 19.3% -

Jarvi, Karlstrom, Granfeldt, Bjorck, Asp, & Vessby (1999)4*#+ % = |; W PR T ,&—‘Q
(7 LGL # HGI 4 & /i » 3 % 15 » LGl = HGI 4 & th /i » 4840 3 40 % § % 0
& > LDL-C ~ TG ~ % *% insulin ~ 3 "Z & #&~ PREE L e E_LGI 23 HGI &% § %

12



AR R # 4 7% > LDL-C " 14 7% o Jeppesen % 4 (1997)4q 4 HGI 4 82 = TG
R B F % LGI 4t @ > Bouche % % (2002)+ 451 > & 9428 % 5 % HGI
2 LGI 4 & 15 » LGI i3 %t % TG k& gk B 8% 1% 6% > F 2 HGI s % TG
ERRI 2% e SF 8 02 s LGLAR & 544l 48 - insulin {30 &2 g
W o & B "’Ev‘lfl%iﬁ TGER » &% {45 #% insulin + 2R E -

Febbraio % 4 (2000)2 8 i=@f4 A+ Z 8% > @& w 30 4 &7 F
GI 45 & > £ 12 70%VOomax 18 # 120 A 48 HGI e 48+ 2 5 & % > LGI 2> HGI
‘s 3 insulin + < 1§ B F % 7 LGl = » HGI ‘2. % FFA ¥ 150 LGL 2 > &
W AR ? > HGL 2Rt &4 eny B F 3> LGI 2 o 827X Febbraio ¥ 4
(2003) F§ HF R EF T &6 HGI 4 & ¢+ LGl L sc B s Y FR-kL £ 5 1
FoEdw e LGl s EhPFaps CXEEFNHGI &S » L o
Y OEERH 304487 2k Gl §F 0 XA BEFEAF K LB 2 (S
B A TR A0 AR A A FR RGP o AY - B Y > Wu
% 4 (2003)#F 3t HGI~LGI~ 12 2 2 S48 5 (S 3Fen 58 adr 815 3 [ P12 65%
VOomux 8% 60 A 48> & ¢ LGI 2% § it 5B % % »> HGI 2> LGI &x ;% FFA
HGL o d Py (Bar, 2 i@ dw 30 » 48 3 /) pFiE & > LGI 4k

¥R
GFER v HGLidf & » i 53 4ci8 8 ¥ crmging 14 5 o

13
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el

At
oy

Jd

W

o
F

=

- PR

6 AT RIF LR XFY B 3B R REEE (- BP0
W) TRk F AR B B EE AR RRYFRGIRY 2
PEF R REPERIMERNEN AL T RFFLAMRLE -

-~ R AR

ARG E SR 3 ERE BT FRT TS LR FRERE
F o R T H- KT RS A~ 0 AU G LG HGL~ v Ry it £
4.4 i?|(Oral Fat Tolerance Test, OFTT)4t & & = F Sk4c & Gl &£ 7y 7 % Feh

o
__E'}_ o

AFHREHET R TR FHREMRDST 3 X7 R AR EKS (LGl 2
GI=40 > HGI ‘= GI=80)£r i& #> /i » (50% VOomax :FH 60 4 48) > *77 %Fi‘ﬂ w4
ﬁ@ﬁ,@wg15L@~mH@anﬂmﬂquH%%ﬁismM@m“L#60
& 48) s HGIHEX 2 (HGI 4t 8 v+ 50% VOomax 38 # 60 ~ 48)° % 4 X i {7 v R 9%
w4 pE(12g %% Ll gkt &4 > 033 g 39 F/kg body mass) > & ¥ AF”
THERL B FHRFEFEAAP R G FTREDEGS R B
X

D BAE S B AT R R R 0 3 R LB R LR

Z s adl

3XADESHHPE > F - XFL LI pEAL R FEF RS S
¥ 7 £ 2 35kecal/kg > 55%m -k it &4 > 15% 39 B > 30%%5 % » HGI ~ LGI &4
WA 80fr 40 #rF chaf hdpe R BT > F Y AR OF ERY  RRE E N
M F RETFE S OREIAKT LS R T B (LSS
Z )
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PR ER SRR S
(- ) BlEdapgiad ~&: £

F1# § %8 4 47 & (Vmax Series 29C, Sensor Medics, California, USA.) » & £ < &
FRL 6 ¥ g F o X a8 (Medtrack ST6S, Quinton, Seattle, Washington,
USA)F g i cnig R A8 > BlE TS EFF P R > £ F4RIE ARG -
HAEd 0%F 4> 288 {0 F = 24834 25% s & > 2 4= (0% ~2.5% 5%~
75%)> = € @3 4% VO, & FEIM V}‘“’ﬁ’ﬁ‘ S3Vy=ax+b y=V0O, x=4#
B R a (B F)feb(REE) o

RlEBHEF EF > #Bkﬁﬂﬂi%%’ﬁﬁiﬁﬁ ViR s P E T2 BRI AL
B AR HREd 35%F 4 VO, Pl ek asfs LB B A 25%H R 0 B T
X@EH AT a2y LA RQE >12 50 U5 AP F 2 VO 3
B AN EAFARERT 50% VO -3 B MM REH R L SHE

iJE RPN e

I ~OFTT & n % &~ 47
(- JOFTT :

OFTT 84 ¢35 H4i % & v 6 2 @ @i s @RSz~ 42d i > B4
1.2 g/kg #3%>1.1 glkg m ki &4 > 033 glkg 3¢ F > # & 66 kl/kg (Hardman, et
al., 1998 )( & 5-4lis 7 30 itdkr = ) o

(= )i iRfc

TRy 4 AXFHFErF%RE pARIME L2 d ERAEFRETHE
rEIER TR Lok (R BFEXFF 9 OFTT chiplid s &
50 % 30 A48~ 60 A48~ 120 A 48 ~ 180 4 4B ~ 240 4 4B ~ 300 4 48~ 360 4 48 %

HE TP 10ml o & o

15



(=)= R P8P
w & ¥ B B P & 4 glucose -~ TC -~ HDL-C - TG

J9
\
\_
o

LDL-C=TC-HDL~(TG/5) = -
moRd P ERSRACT
(1) TG w & 2 1+ @74

i 3]{‘ ? TG )k & # * Triglyceride reagent H- LTYPE Small 7 % 2&74] &= (WAKO,
Osaka, Japan) » 14 p # 4 it & 47 ik (Hitachi 7020, Hitachi Science systems, Ltd,
Lbaranki, Japan)~ 45 > &k g £ 600 nm &4 & 700 nm > i § & R 4oT ¢

5 - %%
GK

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

GPO

Internal Glycerol-3-phosphate Dihydroxyacetone phosphate+H,O,

?)’3:%5%:

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

GK

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

GPO

Glycerol-3-phosphate Dihydroxyacetone phosphate+H,O,

Peroxidase
H,0; + 4-aminoantipyrine + HDAOS , Blue complex

16



(2) TC kA o i 4 i (53|

e Jf: " TG k& # * Cholesterol reagent L- LTYPE Small 7 # 4| 2 (WAKO,
Osaka, Japan) > ™1 p # 4 it 247k A 47 > 3k @R & 600nm &4 & 700 nm > i
BFrREREA4oT

Cholesterol esterase
Cholesterol ester + H,O > Cholesterol+ RCOOH

Cholesterol oxidase
Cholesterol + O, "~ /A\4-Cholestenone+ H,O,

Peroxidase

H,0; + 4-aminoantipyrin + DAOS , Blue color complex

(3) HDL-C k& = & 4 1 (B354
X ;F]% ® TG ik & 4 * Determiner HDL-C 7 ¥ 4% 2 (KYOWA, Osaka, Japan)

A R ARk ERE 600nm BlAE 700nm B F R R I 4T

Cholesterol esterase

v

HDL -C+ H,0 Vol Y e Cholesterol+Free +Fatty Acid

Cholesterol peroxidase
Cholesterol + O, »  Cholesternone + H,O;

17



2H,0, + 4-AA + HSDA* + H3+O Peroxidase -~ Purple Pigment + 5H,O

»

HSDA*: Sodium N-(2-Hydroxy-3-sulfopropyl)-3.5- dimethoxyaniline

(4) glucose & & i & 2 1 (B 22|
" J]g( ? glucose Jk & # * Quick Auto Neo Glu-HK F # %4 = (SHINO, Tokyo,
Japan) > mp 4 it o drikA T Rk ERE 340 nm B4 E 450 nm > CEE R

DA

(1)Glucose + ATP > G-6-P+ADP
G-6-PD

(2)G-6-P+NADP+ —, 6-Phosphoglucoin acid + NADPH+H"

(5) insulin k& /& 5 ;% 4 i @358

. J]g( " Free insulin jk & # * 7§ % i#%] 22(Roche Diagnostics, Mannheim,
Germany) » i * Streptavidin k> + £2 Anti-insulin AB-biotin -~ Anti-insulin
AB-Ru(bpy)s* » & 4 i* 84k > & % T3 (L £ % &% A 45 & (Roche Elecsys
1010/2010, Roche Diagnostics, Mannheim, Germany ; MODULAR ANALYTICS
E170, Roche Diagnostics, Mannheim, Germany) 4" 7 ©

(2)d RT Gty
TG-FF R & #-FFF -~ % insulin-fF PRl “UHEBELRNSBHEFLEHE =
FOTHEBA B - BBIAATIZ £ R 2 &G R 0 2T BBIRAL

Jdea) o FF He N R e e ot Aldpdc ke 8 B
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Bt s B TGIRAR > & § Ha ik fc b Gn pr il B8 0 — =i j fc fh P Bk
¥ BE o

AR

NEFRHC T RBBE(EE R (G R Gl 482 3 gd@d) s o T
B2 TaiAil | 20 %% A4 FARET OFTT (4 6 /| IR £ & ikt ip
BerA 4 it > 22 FF LBy EREF-LE > Pl Bonferroni i {7 E {8
b gy o

FI*EF)FFEEAVRB AR A FAEF L RGRIETAE S
g it A FH F] R R s 47 R ¥R % 0 )2 Bonferroni E B 7 E 100
SRIRFOLE L 0<0.05 -

RAEFFRBELIT A T TG § 5 4% ~insulin & 57T 5 f %
A5 2 H TS R s 2 F K > P2 Bonferroni j# i {7 E {8 vt g 0 A3t
BEKE RS a<0.05 0 77 g w4 % SPSS 10.0 St ac kg A 45 e
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i
o

—‘iﬁﬁﬁiﬁﬁ
ERFAATHIRr  AFIHEE 6 Lo #2023 Ko D F G
1.65-1.85m > 44 & 3 60-78kg » BMI & 20.6-25.1  4%3 %55 % 5 13.1-18.9 « % 3%

2. VOpax ~ BB R BB R4 T o
Z smpdi
(- )TG kR %1

3Rk R & OFTT 7 Fp pf i gt TG kR 4eBl- > £ & F Al (p=0.014)
21 pE 7 (p<0.001) 2 »2 i » HGIHEX = TG jk /& 3 ¥ >° LGI &= (p=0.034)¥7 HGI ‘=
(p=0.035)° & Ak TG ER-FFRFR2 & RT o 4Bl > Al FFHFLE
(p=0.002) » HGI+EX 22 %™ & # 4 ¥ <3t LGI+EX /& (p=0.026) « fip k- p& 7 2t
s S G 0 0448304480 HGIHEX 2 TG kR B ¥ M LGl & (p &
4w % 0.020 0 0.011) °

(Z)TC kA& %1

7Rl & OFTT (67 kR TC kB4R Z > £ 5 B F ik S 20k(p
B4 % 5 0.006 » <0.001) - 4pfp PERF 3 ALl = 6 > & 0 4 48 HGI & HGIHEX &
TC ik B & % #% LGI e (p &4 %] 5 0.018 > 0.025) > % 30 4 48 HGI+EX % TC k&
BB F Lt LGL & (p=0.023) > 120 A & pF HGI 2 TC kA& & ¥ i<t LGI |
(p=0.023) » @ f 180 A 48 ~ 240 A 48 HGI+EX ‘2 TC k& & ¥ <% LGl &= (p &4
w4 % 0.002 0 0.038) e
(= )HDL-C k& %

# Ak 2 OFTT 47 P HD-CL JER 4Bz » & BEPFF %k
(p<0.001) » @ A 2 PFRAFELT i i ¥ > HDL kBB REE LB o

20



(z )LDL-C ik & % i

¥ OFTT 4% k@@ LDL-C kR 4rBlT » L3 ¥Ry
(p<0.001)% fig% &2 pFF 2 3 22y (p=0.001) = 7 0 4 48pF HGI 2 HGI+EX ‘e
LDL-C jk & & % &> LGl 2(p &4 94 5 0.001 > 0.049) » >+ 30 ~ 45 60 ~ 45
HGI+EX 1 LDL-C }k & 8 ¥ 3 LGI &2 (p &4 =4 5 0.041 > 0.016)

(7 )glucose k & % i

F AL ¥ OFTT 47 F R & Jf: glucose )k R 4rBl = ° &3 BEFFE R
(p<0.001) > & feB OFTT 15 5t glucose jk A - ¥ B2 S & fi 4ol > & 5 &
ERLE Tl (p=0.003) R E S Bt 0 LAHAEFIAEE LR o

(+ )insulin j& & % i
FFe Ak ¥ OFTT (47 b PFRF & % insulin Jk B 4B ~ > R CREF

fmf

(p<0.001) ° & jik o B insulin )k & -PF R B2 f ST o fR oW 4 > & F A F ik c
B (p=0.015) RS veibgT » LXK E T EHEFLR -

21



FLR s

AL RARPFERLEH RN T P Gl &5 8 OFTT 16 TG ik & i 58
e ¥ Jprcf 84 G OFTT 2 TG kR £ R FF P 25 { b P4 o OFTT
s BB PFREL HGIHEX 28 HGI 25 TC kR M LGl 2> @ ¥ TC ER %1 4
% 2d LDL %t “ig & o

< S EA Y ;fp Ao FE O AR (S 3f: TG + 2ty & > Gill % (2002)3‘ﬂ I A
FHALET > BE 2(50%VO0omx EF 1 | FFE 2 ) BTG kAR 4] (£ E )
0 8.6%4r 20% 0 ¥ & OFTT (4386 b ST & f# 4+ 524 2 1% 9.3%Fr 22.8%
Tsetsonis 3% 4 (1997)+ 45t > &3 Mk i pF > REE ﬁ i - EFHE TG
RARTEM 21% 0 X RBEER YR F LE - TEH QTR K 16% 0 @ & OFTT
o REES e H B H - KD E 4 {0 EE P TG AT
BE 30% 0 TRt REER D AR - KBRS 0 G B E 4~ pE s iR
v 16% - Tsetsonis & 4 (1996) = dpdi > 120 60% VOomay i8#: 90 4 i {8 > 1 @B B
fio~ > & OFTT 15 % TG & SUT & g3 > 32% 0 Fe 57 4p o1 fudp e e 85 55
BT o RN BEPHEAES TCH T G fFMEMAXS > 0 T P 3adp ) @
RS TG L H g R o AR AR o 4 B 4 {87 R HGIHEX
2 LGHEX 2 TG ¥ & & ff L35 HGI e{r LGl 2T 350 3 "% Ml (L e

¥ TG & & & f# LGl & 24987.5+2344.7 » HGI ‘= 27172.5+2482.7 » LGI+EX

20417.5+1811.2 » HGHEX ‘o 15180£1382.6) » FI* » 7 # Gl Edefn » #4357 ¥
TG & & ff o LGI+EX 2 TG & ™ & ff % ** HGIHEX 2 > @ ® &6 3 5
% Ip Gl @ 4 %f OFTT & TG ik & 025> @ H jh:e % 3 # 0 GL #f OFTT £ TG ik
Rx A F DR

RTINS ;2272 T;K:}F] iEd 2 AT Ay " TG ER 2 & H.d 303 40 LPLA 7
M %o LPL ¢ ki3 TG & st it w5 & s i /f %k (Karpe et
al.,1998)-Kiens % * (1989)3 1 & #+(8 ¥ & H /1 » » =& iF 3-4 = » i@ #* 11 65% peak
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VO, # §:i&# 30-90 » 45:& (7 H %rei knee extensions & # = ;%) » {8 ¥ s XL 4 v
FRUATE 0 § 3 4 LPLA » i8¢ i ;]\F’ TG JE & "% 1< o Siep & £ (1995)14 & 38 4 &
RANT I THE > TR S 60-75%V0ume » F 1 S8 2 K > FhpE
B30~ 48> A7 kor Do iEd 4~ 7 4 4o b 8292 LPLA 35%-Ferguson % % (1998)
Fite A7 g £ 428 LPLA 985 > 70%VOomax 4 %)) 4% 800 kcal ~ 1100
kcal ~ 1300 kcal ~ 1500 kcal » 7 1100 kcal 12 + i £ e 42 4 ¢ # LPLA A i 14
4 pEEEF 251500 keal i B ) 45 ehien] 4iF# {5 48 /] BF LPLA B & 2R B ¥ ¢
= o Katsanos # 4 (2004)7™ 45 1 » H - = 60 ~ g A B Ed (5 0 X2 R 1] PEES
%4 F Pgipandr 8 (1.3g fat/kg body mass) 0 i RER eFHEE 8 ) PBF
(25%VOomax)LPLA + 21 B % % 3+ ¢ %38 ﬁnﬁﬁwmvmmﬁﬁﬁﬁr
%20 Y RFRER e IPLARFF O AER -

LIy B NH a4 @R AR Fh 30-60 A s EHR R G
25-75%VOnomax * wi8# {5 4 -] p¥ LPLA € 3 4v > 2 45§ 5 4o 18-48 /] p¥ 7 % (Kiens
etal.,1989 ; Siepetal., ; 1995 Ferguson et al.,1998 ; Katsanos et al.,2004) » &~ 3 14
50%VOomax 38 H 60 & 4801 FiFd 4 » 3 X &7 OFTT p¥o pEdg" — 86 X 12-18
PR P EEEE LPLAT g A7 o S e amyd @h e TG F T 6 fi
P Fd e L M ehE g R F]2 - o

A7 LGl 22 HGl 2 TG d R T m ff & £ R > A2 w0 i }gka‘ﬁ 4t 5 LGI
& & i ~vv HGI 4¢ & fiase "% Mo ’I‘ TG kR » LR @7 AT E% DR FV

T EE A SERE L P AN S T RR NG LR R
SR EFHE X RRFFET A R G4 & o b]4e Bouche & 4 (2002)12 i & § 1+ 4
oy g % LGI(GI & 38-41)2& HGI(GI & 73-75)4c & i » 5 5 8 » &9 5%

)‘]

i)

VI\

PARAELRY O AR GINE R 2 8 A LGLET R {2 4 ) PTG ¥ &
TH B AR AR TEEE M 18% e & HGL 2 TG ¥ BT G fFF @t
AEEF 1% ¥ - B7 il h FIALEE SR o Tsihliad # £ (2000)2 %
SRR EE R # % 2 LGI(GI & 61-67)fr HGI (GI & 121-131)% % g =
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BA~65H > LGLed T 5 I HGL 21 10% - A 74 &4 »FF 3% »
PRI MIFATHE LS FRAREA R SR R RIES N oo

A7 B HGIHEX 2 TC R & %% 0~ 30 ~ 60 ~ 120 ~ 180 ~ 240 4 4 &f ¥ i<
+* LGI /& » F $k 0> HGI+EX %2 LDL k& 0~30~60 4 48+ 43" LGI % » = HDL
AR ELAREEY R LB FY > TCRA Hue% i & £ 7| LDL kA 2%

o

aq
4

ARy Rl e OFTT 8 > Insulin )k & B/ ® B AE 8 F L p E 5 0.074>
hAERRI IR AT AR R A% 30446044240 2 4EI5F TR
i BAB% (p B4 %5 0.059 0 0.056 0 0.088) » LGI+EX 2T 3@ 4 » m HGI k&
THEEFod MTafHF > 5k Ty EhF L B (p=0.015) = 2 Bonferroni
FEFFLEVRIRFERIHYFAFOEFALE L dd VAT fHTPHOE
v "l—é Mo EER A MPFER G4 8 3 OFTT 18 insulin R #2587 < > e &2
BiE# 4~ 2o OFTT {4 insulin )k & 353 "% K ed$ % (£ il insulin ¢ 58T & f# LGI
2 906+663.6 » HGI 2 913.94856.4 > LGI+EX = 515.4+388.4 > HGI+EX ‘=
694.3£613.2) ) LGI+EX ‘e d J T 6 f# T 32 & # LGl 2 *% < 43% HGI+EX ‘& insulin
F BTG T 0 R HGL 15 23% - AL EE A6 Lo ek LR Ak
Baeo P ABABT N §ERFRE B Y S Ag > T " ME 1 insulin
ER o Gill F 4 (2002)4p 1 > 1E > 2 (50 %VOomax P21 /] P Z 2 ) pE1S)OFTT
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AT . FRE
N 6

EX 21.5+1 20-23
% (m) 1.75+8.9 1.65-1.85
we (kg 70.7+6.6 60-78
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2 37.2 0.936 13.44 5.5 5.1

3 37.1 0.888 14.02 5.1 4.9

4 43.1 1.244 15.51 4.8 5.3

5 40.4 1.196 14.84 4.4 5.2

6 36.4 1.028 14.62 34 5.1

a,b . y=ax+b ;%‘Z;QE?,F ;L“ > p.19
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250

200

150

100

50

~ —e— LGl
—8—HdAI
—e— LGI+EX
- —8— HGI+EX
0 30 60 120 180 240 300 360
Min
Main effect (p value)®
* HGI+EX <Ldl Treatment 0.092
Time <0.001%**
Interaction 0.001*

a: 2-way ¥ 4f £ #ic ANOVA » *p<0.05 ,**P<0.001

Fl- 7 /B OFTTH & TGk A&

34



Area (arbitrary unit)

30000

20000 *
|
10000
o)
LGI HGI LGI+EX HGIH+EX

* %4 YRR ¥ o 0 P<05

Bl= ~ % A8 OFTT 14 TGk R -PERF o 8T 6

35



total cholesterol (mg/dl)
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HDL -C (mg/dl)
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LDL-C(mg/l)
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glucose (mg/dl)
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insulin (mIU/1)
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AR U B e S P %2 4 47 % % (Mean + SD)

(=)~ 7 I &l #OFTT? F RERFTGE B

Time (min)

Treatment 0 30 60 120 180 240 300 360

LGI 7625  90.7£22.9 120.5£33.2 161.3+52,7 183£67.9 178.3+63 141.3+53.7 111.3+43.9
HGI  71.17£21.3 85.8+20.2 112.3£32.8 143.2+47.9 164.8449.3 166+58 145.8+58.5 117+47.8
LGIH+EX 583+14.1 72+15.1 96.8+26.7 126.5+40.4 142.5+54.6 132.8+53.5 122.3+45.8 85.8425.6
HGI+EX 58.5£#22.9 68.3£18.3 88.1£27.4 109.8+39.8 121.2438.2 117.7£30.1 103.7£23.9 73.5+20.3

Main effect (p value)®

Treatment 0.014*
Time <0.001**

Interaction 0.179

a: 2-way £ 4f £ #i ANOVA » *p<0.05 ,**P<0.001

(Z) >~ 7 I Ak 2OFTT# b B TCE B (Mean + SD)

Time (min)

Treatment 0 30 60 120 180 240 300 360

LGI 150.7£34.3  138+28  137.7427.7 138.5+30.4 137.2+28.5 138.7+27.2 137.5+28 137+24.9
HGI 135.5432.8 130.3+33.2 132.3+31.7 130.7+30.4 129.8+30.4 130.8+31.4 129.5+29.6 131.7+32.9
LGI+EX 139.7438.1 135.1+31.8 136+32.8 136.7+33.1 133£33.1 133.8+33.2 132.5+32.5 134.3+31.2
HGI+EX 128.7426.8 123.5426.3 129.8427.7 123.3+28.1 122.8428.5 123.3£26.2 1254+28.5 123.7423.7

Main effect (p value)”

Treatment 0.006*
Time <0.001**

Interaction 0.585

a: 2-way ¥ 7§ £ #ic ANOVA » *p<0.05 , **P<0.001

(Z)~ * F &k 2OFTT# F PP HDLE & (Mean + SD)

Time (min)

Treatment 0 30 60 120 180 240 300 360

LGI 43+8.6  40.748.7 40.2+8.8 38.7+8.8  38+9.3  37.549.3 37.7£8.8 3889

HGI 432495 40748  412+7.4 392482 37.3+7.9 37.248.1 37587 38248
LGIH+EX 43.8£9.2 427103 41.749.8 40.5+8.5 40.34£9.8 39.848.3 39.748.8  40.7+9.2
HGI+EX 43.8+11.5 41.3+11.3 41.3+11 39.7+11 38.5+11  38.3+10.8 38.7+10.1 39.8£10.8

Main effect (p value)”

Treatment 0.371
Time <0.001**

Interaction 0.731

a: 2-way ¥ 4 £ it ANOVA » **P<(0.001
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(2)~ % kil 2OFTTZ b g #FLDLE & (Mean = SD)

Time (min)

Treatment 0 30 60 120 180 240 300 360

LGI 94.8+27.6 85.4+183 77.2+19.8 70.2+19 63.7£16.1 63.9+£18.5  70+21 75.4£23.6
HGI 81.5£27 78.5+24.6 70926  63£22.2 60.2£21.6  61£20 61.5£23  68.6+£29
LGIH+EX 84+34.8 82.8423.8 76+26.6 72.8+24.9 66.7+25.1 68.3+27.8 68.2+29.3 74.6+£31.1
HGIHEX 77.4+22 74.8+18.9 65.5+22.5 62.2+21.7 682427 62.5+21.6 65.7424.6 67.7+23.8

Main effect (p value)®

Treatment 0.092
Time <0.001**

Interaction 0.001%*

a: 2-way € 4§ £ #ict ANOVA » *p<0.05 ,**P<0.001

(1)~ 7% F ik 22OFTTZ e P ¥ glucosejk & (Mean + SD)

Time (min)

Treatment 0 30 60 120 180 240 300 360

LGI 77.3+4.8 107.2£15.9 99.7+14 98.7+16.6 90.2+18.3  87.8+5.8 84.5+5 84.5+4.2

HGI 80.5+£5.6 113.2+£22.7 103.2+16.1 93£7.9  843£11.9 84.2+58 85.3+3 84.243.6
LGIHEX 782425 108+26.9 96.8+15.7 91.7+10.1 84.24+6.8 85.8+7 83.7+3.1 83.2+6
HGI+EX  77.7+3 116.3+22 106.5+16.9 102.3+8.5  87.7+6 848454 83.244.6 84.2+£3.5

Main effect (p value)”

Treatment 0.492
Time <0.001**

Interaction 0.926

a: 2-way ¥ 4§ £ #ic ANOVA » **P<0.001

(=)~ * F R 2OFTT% I p# fF insulinjk & (Mean + SD)

Time (min)
Treatment 0 30 60 120 180 240 300 360
LGI 6.5+4 57.3+14.5 42.7+18.9 32.74£27.7 27.2+£25.7 11.844.9 7.8+4.3 6.4+4.9

HGI 7.844.3 81.5+50 57.3£29.6 29.1+16.1 18.9+7.2 9.4+2.6 6.9+2.5 6.842.5
LGIH+EX 52423 459+19.1 24.348.3 20.4+6 11.5+4.2 8.6+5 59+2.5 4.6+1
HGIHEX 57+3.6 4524246 43.1£29.9 26+11.6 14.7+33  9.4+35 6.3+3.5 45423

Main effect (p value)”

Treatment 0.074
Time <0.001**

Interaction  0.095

a: 2-way £ 4 ¥ #i ANOVA » #*P<0.001
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LS, A

(-)~TG)E R

S SS df MS F
%1 49886.9 1.789 27887.1 7.460%*
2= 174224  2.302 75678.4 18.6**
7 Fe B < pEFE R 8074.52 7.137 1131.31 1.557
B p

= ;édﬁ & 154374 5 30874.8

7 R® o~ X 33434.6 8.944 3738.04

2= A A 46835 11.511 4068.79
EIIE - 4 25933 35.687 726.688

> 48 492762  72.37 144105

*p<0.05 ,**P<0.001

(=) ~TCE B

S SS df MS F
%1 5359.27 3 1786.42 6.621%*
2= 1112.08 7 158.868 5.347*%*
7 e R B < PR 459.526 21 21.882 0.905
B p

= ;én—‘g e 4280.14 15 285.343

* R Ao~ A 4280.14 15 285.343

=R A 1039.94 35 29.713

EIE - 4 2538.32 105 24.174

> 48 19069.4 201

*p<0.05 ,**P<0.001

(=)~ HDLE &

S SS df MS F
%1 121.604 3 40.535 1.124
PR 578.146 7 82.592 54.499%**
7 e B < PR 23.396 21 1.114 0.786
B p

= ;i“j%‘ e 13457.3 5

* O RE Ao~ A 541.083 15 36.072

=R A 53.042 35 1.515

EIE - 4 148.917 105 1.418

> 48 14923.5 191

*p<0.05 ,**P<0.001

61



(z)~LDLL B

23 Kk SS df MS F

* Rl 2078.23 3 692.744 2.587
PR 9505.04 7 1358.29 12.457**
F e R < PR 1248.76 21 59.465 2.647
JBp

= ;é—"ﬁ 2 836172 5 16723.4

F el A~ A 401741 15 267.827

=R A=A 3816.31 35 109.037

2 30T EA 2358.75 105 22.464

> 48 106642 191

*p<0.05 ,**P<0.001

(7 ) ~ glucosek &

%3 Kk SS df MS F
Y% ] 368.057 3 122.686 0.842
P R 20379.5 7 2911.36 16.689**
F e R E < PE R 990.234 21 47.154  0.577
B

= ;éﬁ 2 5086.09 5 1017.22

N GY% 2186.47 15 145.765

PR A 6105.62 35 174.446

% T (E* A 8584.98 105 81.762

> 48 43701 191

*p<0.05 ,**P<0.001

(=) ~ insulin}k B

23R KR SS df MS F

R GY% ] 3649.8 1.665 2129.13 3.762
2= e 62193.3 1.813 34296.7 23.989**
? I Rl < pE R 6217.35 5.098 1219.47 2.119
sBp

= ;f«—*ﬁ A 7631.62 5 1526.32

* Fe B Ao~ 34 4850.52 8.325 582.66

PR A 12962.9 9.067 1429.69

2T (E* A 14668.1 25.492  575.397

> 48 112174 56.46

*p<0.05 ,**P<0.001
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e s RS PTIRE X
(- )TG/%)i -PFRY TG ﬁ:ﬁt

Treatment AUC
LGI 3569.6+2344.7
HGI 3881.842482.7
LGI+EX 2916.8+1811.2
HGI+EX 2168.6+1382.6
28R KR SS df MS F
B RFA 1297416.741 3 4032472.25  7.467*
BN GEL)
= ;édﬁ S 91398233.48 6 15233038.9
E- A (A*S) 9720387.946 18 540021.553
>Ry 102416038.2 27
(=) glucoselE /& - FF P & AT o Ff
Treatment AUC
LGI 746.4+325.3
HGI 514.3+319.2
LGI+EX 549.3+228.9
HGI+EX 784.6+456.2
R Kk SS df MS F
B RFA 1816459.598 1.048 1733012.93  0.705%*
BN GEL)
= ;é;g B*S  4760913.839 6 793485.64
2% (A*S) 15455120.09 6.289 2457522.16
> g8 22032493.53 13.337
(=) insulinjk & - FF R & ST G
Treatment AUC
LGI 906:663.6
HGI 913.9+856.4
LGI+EX 515.4+388.4
HGI+EX 784.6+456.2
2R KR SS df MS F
B RFA 763851.239 3 254617.08 4.559%
PN GEL)
= ;iuﬁz S  9198810.446 6 1533135.07
%% (A*S) 1005300.025 18 55850.001
>Ry 10967961.71 27
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