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Abstract

The purpose of this study was to investigate the effects of regular
exercise to energy consumption under different intensity exercises. Thirty
subjects, range were recruited for this study, and 15 subjects with regular
exercise were selected as the exercise group and 15 subjects with sedentary
lifestyle were selected as the non-exercise group. Subject was asked to wear a
mobile cardiopulmonary stress test system (MetaMax 3B, Cortex, Germany)
and run on treadmill to exercise according to a Bruce protocol until volitional
exhaustion. The physiological parameters were obtained including respiratory
exchange ratio (RER), fat and glucose consumptions, and total energy
consumption before and after anaerobic threshold (AT) (“before AT”
represents a low intensity exercise, and “after AT” represents a high intensity
exercise) in this study. A two-way repeated measures of ANOVA were used
to test groups and before-after of AT effects on RER, fat and glucose
consumptions, and total energy consumption. A level of statistical

significance was p <0.05.

Results showed the RER was significantly larger before AT

(0.7240.12) than after AT (1.04+£0.13) (P<0.05). There were larger RERs
before AT for non-exercise group than exercise group (P <0.05). Before AT,

the fat for exercise group and the glucose for non-exercise group were the

major sources of energy consumption (P<0.001). But after AT, the major

3



energy source was glucose for both groups (P <0.001). And exercise group
have larger total energy consumption than non-exercise (P <0.001). We

suggested that person with regular exercise may be to consume the body fat
in low-intensity endurance exercise, but sedentary lifestyle person was no
efficiency to consume the fat during any intensity exercise in this study.
Therefore, to form a regular exercise will contribute to the physical
metabolism, promote the aerobic fitness, and improve the better situation in

energy consumptions.

Keywords: Energy consumption, Respiratory exchange ratio, Anaecrobic

threshold, Regular exercise
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+ @ e RER X &3 1 (3R %, 1997; Powers and Howley, 2001) - &
TR TR EEFENRR N e n + L (Calvin et al., 2005)
Flpt o R LR F AF ST K f TR E R R R ik

(Havemann et al., 2006) °

ep feigei E RRB L & R p P tsc B Eh R g8
FREvep P OB AR Bant B o R e i@ i R 0 Sup 12.%4*‘!561’1;3‘2
£ Xk~ 7 — % (Wilmore and Costill, 2004; Dawson et al., 1996) - # 4 3
BiERPE AR &R i E RREL 9% 5 A (Brooks et al., 1997,

Gray et al., 2000 ; Romijn et al., 2000 ; Luc et al., 2004 ; Dorien et al.,
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it £ %R (Romijn et al., 1993 ; Van Loon et al., 2001) = & it £} 4= % ¥ %

FOAE® onEAr 0 aiF R e € B A £ eh i 3(Dohm et al.,
1985) - St R £ TR B > F E R B SR LR R

S MPEE o € BRI e iy B e it (fat oxidation) (Calvin et al., 2005;
Michael et al.,2007; Tracy et al., 2006) o & ¥ ¥ R 3% & g A3 § 35T
PEREAR A 2 kg (T & KRany ;xﬁ*igg 4v 7 (Arkinstall et al., 2004) o #]
B R B hd WA TR TN (T AR E S M e B4
Ak S LEL R L N 2R S RS R R L
ERE=xl ;f:ﬂﬁ R R FEH R T ot e R e X “ISK vt g1 4 (Havemann et al.,
2006; Burke et al.,2002) o F]yt > e % 3 F e R foin £ KR £
Fpo oM o B4 Y A 5 S g g KRR A R 4 i

A%(Sahlin et al., 2005; Calvin et al., 2005; Michael et al.,2007) °

TN

22
&

AR oh2g)

]

y
E: 2y
ey
p 2]
o
T&



w3 7 & &% B E(anaerobic threshold, AT)' & < £ 3 &
(VO ~ S B G ~ 2 0 § B B0 4§ %356 A A enf § 88 i 4
(Walsh et al., 1988; Anderson et al., 1989) o #73f e ¥ B Ex f s SR
& (lactate threshold) » #_* %8 38 & ciffA2” > PR THEfF € WM B 4

Wi A AR+ 2 an- B 37 2E(Willmore and Costill, 2004)(B] 1)  #* 2Zh5 5

ﬁﬁé_ii Fg ¥ ﬁﬁt/’%‘“f-ﬁ °

Lactate production
rate g/h
N
I

Lactate clearance
rate g/h

Bl 1.2 5 F @424 B (Pokan et al., 2004)

HlE B o 2t e 3 iE dmmol/L PFeiEd g R 5 Ry
gt 2 0 Foak FUEL P 438 ff Bk (onset of blood lactate accumulation,
OBLA)(Sjodin and Jacobs, 1981) ~ 4 #c#& #& 21| T_j% (Beaver et al., 1985) ~ &«

~ FE 3 2L (Dmax) § & 2] @_j% (Cheng et al, 1992) ~ 2 B Hl & 3 F &

<

b

(individual anaerobic threshold, IAT) (Stegmann et al., 1981) > k@ H % ]
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FopiplER R 12 448 G T HRE EL R R AP
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Bl 3 1) TE G B (50.2£9.4%V02max) & F & ¥ A BE % i & 0.69-0.89
2 B (p<0.05) @ ' 1 ik 2z b > AT RE L 12 44

FAPM AEA VR AT A LS By BRAET R AR I - AR

wFEFEE G oonens 2(X 2 AL ¥, 1995)
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£3 B EhB M4 FF 3 &0 4 04 3 (Wasserman et al,
1994) o 3% iy et 4 G d 2 o v L R D S & § F E(Helenet al.,

2000); &3 R A N4 ap- Bj Fea@dH T o LRE G f4F o

FRiifac o Pk Spkehigh o B LR § ER R R R fi
FpREF L R E R PR HRS O HP SROER > 253 S
£ it Fezz % (Shalin et al., 2005) ° » FURA IR B B K2 Do
R B REARY o W INE ML g BT R SR

¥ %(Ozcelik and Kelestimur, 2004)° % ¥ 3% & % 3% #if € 0 § k&8
] * pE o> DR B ;U,T}U €T F N E¥ L EF L (Wilmore and
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A4 ERiEH A ILT 5 (Newsholme & Blomstrand, 2006) - 824X » & ¥
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fo
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M

{8 FUpLk & e0'% M (Denadai et al., 2004) o @ F LA 4 % ;Fi",f
"EFEFEF O EF R R R 2 - BT - LRHE
T grak e Z o) chE ¥ B B (Willmore and Costill, 2004) ¢ § /et ie L
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Ehpan PREF RN RFRERFLNRERT EEFERER
B 4v @ $& B 7 MLSS f j7(Aunola & Rusko, 1992 ; Beneke et al., 1996) o
Riley % 4 (1996)cr47 § RIS T » s¥ et s Scidfef B § LA £ F
B i % T F skenE IR e T o Clark % 4 (1996)50F7 5 4 3

W brBi R R e ERERY o HFEH - F PRALEF TR
FREFOME TG ERF DT T BRT R E- B HdF o
D ERT RS L
ﬁﬁ&?’w%iﬁﬁ@{%%§%?%ﬁﬁ%;—’&Q@%
FFr § 46%:h7 < B F 5 S % F 8 m( Mital & Shrey, 1996) = -
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(10.37%) > < %0p (8.69%) » B BiAR (1.39%) ¥ (42 ¥
2004 ) o i feh 4 A fr Ak e 3t &N 4 7 ) i (sedentary lifestyle) 7 B o
TR L NAFEA R M ERARE FH(ECDO)shET & = - BEY 5 =
Wb E X B304 47 5 R F$ (moderate exercise) £ Jﬁ 3 3=

B 20 A48 4 5k & 3E B4 (vigorous exercise) | (US Department of Health
and Human Services Centre for Disease Control and Prevention, 2003) ; i

~¥¥ £ (metabolic equivalent tasks, METs)sdfp R 2 & © — B 4 & % 5

2.0 METs & 6 & T 3 ik

i

‘X 4 225 4 (Kujala et al., 2002) @ #7342
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NS IE RS R L £ 2NN E TR R I IR

5
o

BEREE ~ e B o B P 1% (Caspersen et al., 1985) ; #
THEAZ LI A/ME 20-60 A/~ o~ s S (HRmax ) 9 60-90% »
FEMEF K43 F (VO2max) £ 50-80% ( American College
of Sports Medicine, 2001 ) © 77 7 & L § REFH i ;84 FF 5 g
25 A % 2% 8 4 (Christopher et al., 2001) ~ #*# "Z(Gortmaker et al., 1996) ~

HAvo g A I 75 ' (Pollock & Wilmore, 1990; Vale, 2000) - 5 # % 5
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Pagle FfE KD AR HES o - BReRg [FHE £ (Fat
Mass, FM) ; ¥ - i & 2853 5 7€ £ (Fat Free Mass, FFM) (Willmore and
Costill, 2004) » Flt > Ef e S fefl qimy F 7l i o 3 7% if;) a1
RFE EFPPRNER R AR L PR o L@ R A ot R o IRAE
R 5 vt iR P f2id & (rates of lipolysis) (Romijn et al., 1993) > &g 7n
@ ¥ LR g -0 f#75f* (Lipoprotein lipase) 3 4 > &V i
35 % v &0 %)% (Ball-Burnett et al., 1991) - Banz % ( 2003)h§ 2% - %7 &
17 10 g F P RS IS 20 R S R v s 18 )
B Fontd > @R AR A 3 au A g Tt d e A

> I A ¢ BT P %k B (Milani and Lavie, 1995;
Rowland et al., 1996) o d w0} T 3 ko7 > @HHE BRSBTS S 72 H
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3 A 20 & & R AT 19_22;%1%&5,,%%%__5 CH P10 1 A

EERYE 10 =R REFHY R R EF30K T2 ¥ 10

80 & Kk menl? % (Canadian Society for Exercise Physiology: physical

activity Readiness Questionnaire(PAR-Q), Revised 1994. *iték A) » Fx T ¥

WaEHARf o 2 T RL AT RATH R R L L EEEE L
FFERAY R - N E P E AT X
Mg B R E 4p #i(Body Mass Index, BMI) - e P42 2 % S8 (7 48 2

el R o @ - BT IamiE A R A TR SRR 1o

Age  Body Height Body Weight  BMI

Body fat
(years) (cm) (kg) (oBW)
Under 30 years old 19-22  165-187cm 58-84kg 18.8-29.0 16-29
Over 30 years old 30-43 148-178cm 47-90kg  21.4-32.2 19-31
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B]2. Meta Max 3B § %8 4 45 & B3, & & §a 9 18

)k F 4 A 45 5048 (Metasoft 1.2) ~ 54 % 48 4 41 # 4 (treadmill
control) ~ ¥ # it B| £ (spirometry) ~ B £ B+ ;* (indirect calorimetry) °

(3)Meta Max 3B # #8 & 17 R L fe 4
Meta Max 3B # %8 4 17 % (®]4) ~ MaxBelti#@ # %« ~DVT F & # & %
(volume transducer) (B]5) ~ & # Jz & % (sample line) ~ Polar< & % (]
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& =t A #&(Dimension)(L/W/H): 2 modules 120x110x45mm each
£ ¥ (Weight): 570g -
P 2 52 B(CPU): 16bit processor, 20MHz, flash memory

7 L4z B (Data logger): 8MB data

(Il) MaxBelt:& # % = : & W3 SM,L= f < ~ o

(I #: & 4 & #: 60cm % 200cm = F& 212 (8] 8)

AV)m ¥ 255 % : %5 SML= 4+ < (R9) -

L _
B8 ‘AT ER B9 o ¥ 282

(V) # ¥R @ 5d Metasoft et it B~ R+ ERIEZ F L4705
TEFRFLWEETA S L -

o pe & f S B ARt 2 4 IR & F (bioelectrical impedance) % §]

PR E A A e B)(B 10) 0 RREER I o T E(DF) 2

kg/m? %3+ % BMI 45 #& -
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WA (P T ACH F 4L ) B R 2k o
P A A
AR 3tk SPSS KA T o 1 A T

(Independent t Test) % v #F £EH Y §75 eFEF B @~ Ao B

gk E AR SR A H(BMD o A b £ E B R
#~ 17 (Repeated Measures ANOVA) kvt f e fF (5 &8 8§ ff ) friep
(% REw ) RER "ais ~ et B4 ~ 2 B 27742

1% Pearson's p B 14 17 £~ 475 vofe BMI it £ 3 4= 7F g B 124

¥o @ p<0.05 %74 St KEESLE -
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Yr R -FHRES

F2 3 - EHERE LI T A REFFHEHOEF L
Boo HEMT ] RETS YR F R A F ROpFF R gREE
By fEF kA (P=00045); 5 R EPARHE A EF ALY T
75 (P=0207): LgF EEDNRAPFE . § REFH YR E(67.1%

ED)& * f 4L 8 ¥ 1 & (34.2%ED) % th (P =0.005) * @ REEF# ¥

fHEd R PRE - § At hi B (P=0.003) -

WI1~122 B 131442857 2 RETEHEYHFHFEMS7%2 LA
FEHBEBMDA o 5 BT > R30/ N T B3 G > § REFTHY
% BMIda#cT35@ 245 i %0 ¥ HESRECHEL 1) @ &
REEE VR o BMIAp T 3205 27.7 > St f 5 ML € 0l ('
Bk )} RAEEH - XFLAEFLEP=051, P=0.17) &tf
P iRERRe 30 RN T B G o REEE Y > WAt R
20.1% > it & ¥ FICHER L 23) 5 5 RAREES VI & 0 Mg sT
P 21.8% & etk A RPN (s 23) A F . LakF LRl
=0.14);30 e+ w2 G oo 5 REEFHY t%"—"ﬁ R8P T E5iE 22.0% o

T ¥ RS 23) 0 8 mREER YR E AT HE

26.4% » 2k i T F B e 23) 0 B GBI REE 0 TR
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MF 4R ra)(P=0.027) -

Hitea PA o BR A4S REESFT R oas B9 i
FREEP HRA|(P<0.05) 2o g REFHVRFLRTRED ST
APEAL A AREEEYRF AR RET @I PN

3 REE 17 (P<0 05) (% 4,% 5) -

AL BN AEORR 5 AN AT FENERAE T B EAT
BRREYHOE A mELFF o2 RED G RREEEY
LRI REESEYTRF T LR E RIRF=1326,P<
0.001); &5 REL § #AREZTE Y 4 - g m > RETE Y F 1

O EAEE FAE N E RiR(EF=623,P<0.001) -

B30AkN RS G  AAT 2% JREFBVRE > g7 R
b ey 0 R eni 5 AE(P=0.002) 5 RAREESF DR RS nF §
LR EE TR R RR(R 4, BT REAEFLR oA & AT
Zf FREEBVRE RERYPVIDFHFH > § T Lhkim

AR g 3 F(P<0.001); mREEHY IR FRIE " %

3
N
=

FRAELE KRG 4, B8 G FEREY L ant HIRI Ty

Folepi P 2 aBFLBEP=0067) 30 kT2 AT 2% > 3}
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1““3

REEE YRR RS T FHE(p<0.001); & 2REE
TRARR* BRI DFER - ET TG TR ENRF (25, B
19)(P=0.001) « @ & AT 2. {5 » § REFHYHE > ¥ T 22 " §§

W TA R i B RR(P<0.001) 5 RAREES Y E R T

¥R jﬁ (72.5+20.5) (F=32.56, P<0.001) -

d ’ﬁ’: 7]\1‘3’ ETF E’J’J#E Fﬁg f’J’ fu;‘l‘ﬁ ¢ » BMI ’ff'%jy%b‘fy%m/ﬂ %i‘ T //\ ?%#B
M 1£.(r=0.193, p=0.306) (W] 21) 5 @ R™ s fc§ F kil 22 B4 23 &

¥ 4p B 14(r=0.345, p =0.061) (& 22) °
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2 230&MNT 2R E%RE 2k

VO2max% at  Time of VO2peak AT ED
AT (min) (min) (min)
Exercise 59.9£13.2 11.62+1.34 8.58+0.99 12.80+1.44
(67.2% of ED)
Non-exercise 56.0£10.5 8.76£1.05* 3.39+1.09* 9.90+0.62*
(34.2% of ED)

Values are mean+SD. * exercise v.s non-exercise , P< 0.05; AT, anaerobic threshold ;

RER, respiratory exchange ratio; ED, exercise duration

£330k 2R kil E 5k

VO2max% at AT  Time of VOzpeak AT ED
(min) (min) (min)
Exercise 63.0£12.0 10.39+1.00 7.95+1.33 11.62+1.53
(68.4% of ED)
Non-exercise 53.6%+11.8 6.47+1.99* 3.26+1.53* 8.06+2.29*
(40.4% of ED)

Values are mean+SD. * exercise v.s non-exercise , P< 0.05 ; AT, anaerobic threshold ;

RER, respiratory exchange ratio ; ED, exercise duration
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2430k maf BEDBEE RRE T

Before AT After AT
Exercise group Non-exercise Exercise group Non-exercise
group group
RER 0.74+0.09 0.93+0.10* 1.15+0.14+ 1.14+0.12
Fat (g/h) 23.0+4.0 10.4£14.2 0.0+0.077 11.4+2.6*
Glucose (g/h) 5.4+9.2 55.0+39.3 132.6+£24.7% 52.2+28.2

Values are mean+SD. * exercise v.s non-exercise after AT, P< 0.05; 7 befor AT v.s after
AT, P< 0.05; RER: respiratory exchange ratio.

250N TEgIBEDEAE KRR A

Before AT After AT
Exercise group Non-exercise Exercise group Non-exercise
group group
RER 0.72+0.12 0.84+0.07* 1.04+0.13+ 1.03+£0.177
Fat (g/h) 30.5+4.0 16.8+11.3 3.7£7.2% 22.6+12.6*
Glucose (g/h) 5.84£8.0 47.2429.6 150.0+£53.0F 49.9+41.9*

Values are mean+SD. * exercise v.s non-exercise after AT, P< 0.05; T befor AT v.s after

AT, P< 0.05; RER: respiratory exchange ratio.
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Under 30 years old

33 Overweight
32/ — Obesity
31t
NE 30 L
Em 29t
28| B Exe
5 ;Z i . Non
D 5l

Exe Non

WI1L30 AN T e bW Ehis & H

Exe, &% ¥ {f %2 : Non, £ ¥ |f &
Wh P 2 BMI T35 234 ¢ ¥ M€ gE 6 Y & BMI T35 241 MEHLE -
Exe, exercise group ; Non, non-exercise group

The average of BMI in exercise group 23.4, normal weight ; The average of BMI in
non-exercise group 24.1, overweight.
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Over 30 yearsold

34 : T Overweight
33
32 [ — Obesity
g 3l [
E» 30 [
29 © M Ee

BMI

Exe Non

1230 kit e LR 8 E - W

Exe, @& ¥ ff %2 : Non, 8 & ¥ ff o
FHH Y 'I‘;l‘ 2 BMI T35E 245 #EFE  mFHY 'Tﬁ 2 BMI T35 27.7 &£ 8w ko
Exe, exercise group ; Non, non-exercise group

The average of BMI in exercise group 24.5, overweight ; The average of BMI in
non-exercise group 27.7, obesity.
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IVvivuuvl ULy

body fat

Under 30 years old

Exe Non

B 13.30 f& 2T 4 rg R - 4

Exe, &# 3 1§ 22 Non, & # { |§ &

Y ekl T e 20.1%5 #’%@ #£FH Y e g isT 00E 21.8%: ”#Tgfr;
Fl> ewg g ra@d i ff e o

Exe, exercise group ; Non, non-exercise group

The average of body fat% in exercise group 20.1%, normal range ; The average of body
fat% in non-exercise group 21.8%, normal range, a little bit higher than exercise group.
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Moderate
body fat

Over 30 years old

Body fat <

Exe Non

B 14.30 gk 12+ Ry g -8 i H

Exe, ## 3 1§ 22 Non, i@ H ¥ ff & * 3

Fhs Y IR e s T aE 22.0%1 #;pa@,;ﬁ@ﬁﬂ; {f e flrg s 30 26.4%1 ¥
> .‘ib#.z{-t’ﬁ‘,l_#’m o F’“‘ﬁ'{)){.ﬁ‘—

Exe, exercise group ; Non, non-exercise group; * exercise v.s non-exercise , P< 0.05

The average of body fat% in exercise group 22.0%, normal range ; The average of body
fat% in non-exercise group 26.3%, normal range, but very close to the normal
limitation .There is a significant difference.
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141 Under 30 years

0.8

RER
o
o)

— Exe
—Non

02T
0.0

0O 10 20 30 40 50 60 70 &0 90 100
% Cycle

B 15. 30 gk 2 T et e R 3 F ARV

Exe, ## ¥ {f 2 Non, mi&& i |f 2
XTSRS 2814 LY RN P L RS T X
Exe, exercise group ; Non, non-exercise group

The respiratory exchange ratio were increased by exercise intensity in both groups, but the
change of non-exercise group more significant than exercise group.
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14 Over 30 years

0.8
0.6 — Exe

0.4 [ — Non

RER

0 10 20 30 40 50 60 70 &80 90 100
% Cycle

B 16.30 v 25 iR S AR H

Exe, @ % 1# % ; Non, @& ¥ I %2
BB FEFEIR AR LA IS YR e e B S P B o
30 et b i@ ds B PFRR R 30 RLT e e

Exe, exercise group ; Non, non-exercise group

The respiratory exchange ratio were increased by exercise intensity in both groups, but the
change of non-exercise group more significant than exercise group.

The exercise duration of over 30 yr group was shorter than under 30yr group.
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Over 30 yr before AT

Fat

200 Total 28.4g/h Total 654gh |
B - [l Glucose
> 180 806
[¢B}
c -
D 160
©
e
S 1m0
é 120

80.7%
2 100 |
B T
| 80 T
N0
=60
19.3%

40 16%

20 T

0

Exe Non

e mF RET AR B EOES LT e
FRE 0F% Fladrit Bif 42 % Henpr B gk o
EEFRED EFVHE IR R RR RESY LTI 1L
R KR gt B ALY o

3 2
I
w

Exe, exercise group; Non, non-exercise group; it recorded energy source at 30sc before
AT to evaluate energy consumption.
Before anaerobic threshold, exercise group used more fat as an energy source;

non-exercise group used more glucose as an energy source, and used a few fat as an

energy source.
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-

y £

Over 30 yr after AT

Total 132.6g/h Total 63.6g/h

|:| Fat
14 F ,—*—| |_*—\
0 .Glucose

82.3%

100%

120 +

100

(% total energy)

80

= 40
17.7%

20 r 0%

Non

W 18.30 it e § BiEisa £V 4 H X P<0.05

Exe, & ¥ ff 2 Non, @& Y e 23 RESn Eif4hedr L dihk
E
e

CEFRAER R el RS R P RET
BERTREG EE PR e BRI A BN R A RER YR e B A
Re PERFPGEE TR KR

Exe, exercise group; Non, non-exercise group; it recorded energy source when subjests reached
VO2peak to evaluate energy consumption.
After anaerobic threshold, exercise group used more glucose as an energy source;

non-exercise group used more glucose but still used a few fat as an energy source.

32



(% total energy)

¥ 4

Under 30 yr before AT

Total 36.3g/h Total 64.09/h
*
! ‘ [] Fat
140 F
84% 74% [l Glucose
120 B T
100 B
80 B
60 T 26%
16%
40 B
20 F
0
Exe Non
W19, 0k T egs FEasa LK
Exe, @ ff & s Non, &8 8 ¥ if e ; &F Ria i Liffeenesr LErlR
3 B 307f/’$lfﬂb‘§b WA SRR o
GRAFRET  EHYFEN A ARRE kR PR TR ATRY

P X 1 r—‘]’%ﬁ—rﬁ;‘_ RE KRR R HFELT B OdRE

Exe, exercise group; Non, non-exercise group; it recorded energy source at 30sc before
AT to evaluate energy consumption.

Before anaerobic threshold, exercise group used more fat as an energy source, and used
less glucose; non-exercise group used more fat as an energy source also, but used glucose

more than exercise group.
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(% total energy)

Under 30 yr after AT

Total 153.7g/h Total 72.5g/h

*
160 | | [] Fat

| .Glucose

140 - 99.8%

69%

120 -

100 -

60 -
31%

0 F

20 - 0.2%

Exe Non

W20, 30AMTeas BEsh 4B % P<0.05

Exe, ## ¥ f§ 22 Non, mi## i |f & ; Z£#3 BESR B Fne s Lk
*{iiﬁ%@%%ﬁx*aﬁﬁ% T el P B o
BEFRES EHYRENFIRIAELE R RO RfIr D &8
@?ﬁgu§5%éi,a4@wﬂﬂ?gﬁﬁﬁkﬁo

Exe, exercise group ; Non, non-exercise group; it recorded energy source when subjests
reached VO2peak to evaluate energy consumption.
After anaerobic threshold, exercise group used more glucose as an energy source;

non-exercise group used more glucose but still used a few fat as an energy source.
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BMI & Glucose: # it j 4L ]

250

200

f—

(S

o
T

Glucose g/h

50

10 15 20 25 30 35
BMI ky/m

Bl 21. BMI fe§i F ¥ 424 B {20 5 W] r=0.193 ; P=0.306

A APM MR BRIV TE ol BT ET R EFAAMIL -
There is no significant relationship between BMI and glucose consumption.

35



Body fat & Glucose 1 # i F 4§l

250

200 -

—

[$)]

[
T

Glucose g/h

10 15 20 25
Body fat %

B 22. %87y 5%{?5‘%”35%‘}?'# A RE v B r=0.345; P=0.061
Sd PR ML R BRI E AV el AT AR FAAME -
There is no significant relationship between body fat% and glucose consumption.
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ﬂ‘fﬂ’{%%%ﬁfr HEFH 33 ,ﬁg_%z 443 ~)§ﬁj§§§%,‘.’t\‘§:j'j'flj?* J?;]B;‘:,;l;

v

el o MEFER R A AR HE R FRARNERR EEI
FHERECSE L T ERP- R Ra > i aRtd@sy 1 s
BRI AES T FHONHLE L on Bhs B B A D52
PR A R kR T LG PR o R - R
Friry REER YR E O RS g3 B Ew (before AT)
15 0.72-0.74 > @ @ B @S (after AT) 5 1.03-1.04 » &3¢ & frk 5 eh
FEip- RORE ¥, 1997; Powers and Howley, 2001) - % % 53 & & # it
ERBBT LT ERL A F o BT AT € & 1.0 @ M5
Bei@ (B F B Ew )i & KRR rgim s Ao Hel s 4 5 247 € BT
e pmpr, DR € R S g Ok e £ ) 42 ok JR(Calvin et al.,
2005; Michael et al.,2007; Tracy et al., 2006) ; »¥ 5 2 3 5 € S{ F E & % &
ehgg 4e @ b (Calvin et al., 2005) » 3 2 £ F ARG (Ta0 £ ORIk

(Melissa et al., 2004) o AFF 7 » F IR > GEHFFHE? o TR F{of

% b 3B1E (% total energy) T P &g et 48 BE (r=-0.758, p<0.01)fr73 %%
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RHERZ LM - a HWRREESYR S taF RED A1 H
Fge+ 5 0.87-0.93 s R B 4L F F oA B R (30 &, glucose:
fat=84:16; <30 #, glucose: fat=74:26) ; BZ 3% ¥ L P| & = Py ¥h (R B » e
ZEEL Y o £E R ’93—‘5 B & %3 % % 3t % (maximal fat
oxidation, MFO) = 42% VO (Dériaz et al., 2001)F= 30% VOimax
(Pérez-Martin et al., 2001) 3 &= F/w > @ NP w Pl BB b8 5 |
Bar 30 F) 0 FoAv S ATE I K T AT 0 @ F AR s

ETVRM AR F RES > e g 09 k5 e

2000 ; Romijn et al., 2000 ; Luc, 2004 ; Dorien et al., 2002) - & 3 B &+ &
F 5 R i@ b g A1 Ry TS A S R F E B 5 R U e P s NI E
FUODNERFRER B AL FRANEFRE LR U FHR
% 385 2 (Romijn et al., 1993 ; Van Loon et al., 2001) ° &7 st ek F]
F_ o @R PET vep 3R s kR Ed R EPFRR T 4B (free fatty acids,
FFAS)J$ L ™ %5 %7 2 %5 (adipose tissue) @ 3% F|3wp > 5 — i 75 5% Kk A0~
g = paH 7 "g(triacylglycerol, TG)p #5317 ¥ ik cro8 2x e % % (Lawrence,

PR op B AR NHERS LR

‘zu‘L

2002) © #1238 ¥ iF
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e 3 gt g Fla 3 D BT A RLRE o g AR

bl 3¢ 4 5 K % (Romijn et al., 1993) « 2x i » BE ¥ 18 #5 55 & 1F bidd
' & F A % epPoreg a(fast-twitch fiber, FT)4k ez > @ Pl &

L2 3 % OpEfEp% % (glycolytic enzymes) » £7 F G gD i AU {o vy
v5 4 2% (Greenetal., 1979) s @ § i B s REHPF > vop ¢ X R (7P
fRIE™ ~ "8 pH W > 12 $rd| & PRI PR EE TR Y 25
CIER > @ FU IR AR 3 de s PR s e *i‘« 823 25 P 75 fk (Lawrence,
2002) » F R FOE OPESE S B0 @ " MR R FHL 4 o Flpt > FORE

EhoeA md BED BRI AL D s AAZE R F RS guE

BREEBYH Y R RET DR LY LT FHEHE

—1 |
E-)
3
TH
(i

EREI 2 By RIS F AR AT B §F
Y/ 3m=4.1; AT % § § #/7595=3.4) » &frid A7 B % - R(Gary
et al., 2000 ; Elizabeth et al., 2007 ; Joseph et al., 2007) - i 2 77 3 7 45 &1 >
fel g e Y FH o BREERY R E e Y BF SpER

SR 1E a0 B 4 f# i j5 (Gary et al., 2000 ; Elizabeth et al., 2007 ; Joseph

&y
4
-

E«

etal,,2007) - iz &d R REFH VR F L FAL R L2 ET
aipdl s TR EICE R0y 3 fE & e dea 4 (Chietal, 1983) 5 5 F p%
Fiedoan 4 R A R ek MW R - &) 2 SR DNA

39



(mitochondrial DNA > mtDNA) % % 3 B %k (Hoppeler H and Fluck,
2003; Irrcher et al., 2003; Weibel and Hoppeler, 2005) » @ fit 2 =6 & & °
Ft ko R mIDNA 5 03 & o B F PERE S kR g B

GEL P RRAEER Y LT F R KERT REP)P 2T

i
(=t
E:y
ey
pi]
|-
?m
e
ol
=
=
=
E-)
ey
p]
&
N
!
oa
RiiN
ey
3\
<
R
~=h
=
=
B

(Jeukendrup and Achten, 2001) ;

34
g0y
&5
TH
(e
g
=%
-k
14
*
i
.(_:L\
fs
J?J
i}

FURM AN g F Cend T NI AR F B S (Astorino,

2000)c B2 R % BB E D RO BEERS o AR f i mF B TR A o

R
R AT R R DA 0 B 0 i B R Renid ¥ PR A g R
* 3] %5 95(Calvin et al., 2005; Michael et al.,2007; Tracy et al., 2006) > i# =

BRF RGN RREEE Y bR R

ﬁfﬁ?'fﬁ’ﬁ o g3 T Y 4 ! ’/ﬁ\”ﬁ FUERENEFEFC g/ﬁ%;‘g
S chic B 0 @ i £ eh %R A AT Y S 3 (Christopher, 1999) « 4L
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EHEYRH 3 FEEPFEROLENRH I AR By ERLA

(V'

Il

e AL A P2 gk e B enid * (Foster et al., 2003) o F]pt 0 & # 5

B MpE > B R8T 2 7 (recruitment) 8RR SR D o e BE LB Vg #

B FERRRARMBIE LR TR PR B Pl d
(Willmore and Costill, 2004; Altenburg et al.,2007) - & & B H A > v

TS 4 A R T v R IR E 60 0 R L R
BoA L orRE s FEE S A £ K R(Kang et al,, 2004) o @ $3 & R EE

¥R "F'T BARR AT > FHZ R R AR FFER TR A ﬁ =
Moz ey 5 kA2 { <4 £ (Willmore and Costill, 2004;
Altenburg et al., 2007) « F]pt » A F g R EFHT » A R EFH Y H —‘F‘f E=
FEo R R R A R SR BT R )

=k

ABE 5 o REFEVRE ARFBAEST LM EPENR
ehF 1L iE* X 3Ry BT (Frédéric et al., 2008; Tremblay et al., 1994) » » v ‘&

N & AR I )'r@??ﬁ;’f | m’i"F‘ﬁB:ﬁL;) ] P = é_ﬁﬁl]}.&ﬁ{l,‘)é]

BFRECHRN B A RRRBATREFPRR B4 2 02
EEFYRENRIREEDRL B HEPE AN RREETS Y -

R R * 72 % 3 # & e B(Edward et al., 2007
F A

Fypov R E R ad R

R‘L”

2R RAER o friEd 7 v RE

o bhpy Y REERYRT AFe LWP R PR AT



i * 72 i £ K k(Jason et al., 2007; Michael et al.,2007) -

=BMIZ B35 5 > K@i i 2178 7T HE L T
ZFoOPHELERAORY XA XA BRAR L - FI AR R
W AR AR EE RIS o PR E TR VO Fl 0 HE
T2 ¢ B £ i+ (Melissa et al., 2004) > = 7 2% g Bk R
(Milani and Lavie, 1995; Rowland et al., 1996) > s & i) 4= 3 & ri@ # %
4 air#417 B (Edward etal.,, 2002) - @ 33 § 77 7 ~ 3{;—, 41 BMI¥ 2§ i®
FERIRE g v 2 i £ 45 chdp R 0 BMIqra £ 383 4 BE 423 A (Baker,
2005) > Flpt > 48 e s ¢ 2 B £ 0t PHRomijn et al.,1993; Nicole et al.,
2%Uoﬁ§ﬁgﬁﬁi%ﬂﬁﬁ?J%%%§%ﬁ’ﬁﬁﬁiﬁﬁiﬁ
3 1% (Wojtaszewski etal. 2003); #3724 i@ f i 2 ci £ g0 & ¥

€ & 5 (Wayne et al., 1990) o i3 25 # » BMI 8 %5 94t it £ )

Fg e PR T2 P d 2 NF % 2 BMI{-4Y F]ET’%L;]&" 5 #c
I nF R T A M R R B R F i M

CEE N R 2

ks
by
P

B pEEDIRAER R P o dd IR E R B i B i
e UG iR A A A RE S ERVRNERRP LA

5y £ % Su i A (Calbet, et al., 2003; Sidney et al., 2005)° & 7 2 1% 38

0y
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HFREER Yl KWL BB AT S G 5L g g §ER
3OEFEE A BIE R R R o s A b TR R
Poveitibend w3 % g G H - 2R N ehild B ok GRARE R o @ e

epA L1 3 A Apd s SEE R I R PR £ 4 8 ehipd] 0 W

FOCEMEMMEE MR A BT € R .fs,ELf%‘i(lean body

F_&
et
A
=
E%_“
4

mass)E £ Tha B GEF TR B Jhd Edpe
AN

L& a7 E D] 2 4F R E ok (Kraemer et al.,1997) o 438 # cfyiu™ 42
Gl F RS R A B AT g e
Zovvd Bap ik o G p PHOEE G T M BB A A R/
((ACSM, 2001) » LR F R T " ¥ 00 & F5-Ripaun 4 > fg e b
2 I FenafEo A BEF A DAL A0 Lo i d AR o
Ripenn A 2 rg F e b B B E ok R Tl AR TR TR S
TP EEARERGYIR TR E TR ST R A
BB AL € PTR M SR A S R IR PR R e R MGR Y B
Wend < 25 7 14 oA oG i FRAMER L F A

i 7k & (Nicole et al.,2001) -
Fhioaax 2RV B FHCLHFLEPRES 35D
FEERGamFo - REFOeav L gafly R AL

& 5 foiE b 2 B Bl B IR o B IRKG &

e}
\-m\
N
4
s
4
=
o8
g
T
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- fApE A a5 & (ghrelin) > A BEEfra AL B A X

BE AR HAPER - B HERE R R SRR

3T R o A IR pEes g R S 5 R A ke ]
gt fE 1 G A5 en g 4 (Broom et al.,2007) o iz G PRI} 4 FF UF B A
ST 6§ 0 L A BgEY EE KR E gk 1 A

AFEE % S 3 BB

[
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RS RCER RS e
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e

it B e i
# 7 ® F(Edward et al., 2002) > 2§38 X 38 ekt 8 ¥ 30ind] > &

R4 G - BEAAIEE S RER Y a A g g

”’E.

$ oA R o AR F - AR

EEEZE 2NTFF o FIY > AF R Y - X EIGRHEEEAY
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Ak E ASE By 4 FRO RS B BB S 1 e AR
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PR FHEE TN AR RO EERFELE 2 G o4 FL R S
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AT SR REE Iﬁ—ﬁ f 1455 B efoid d ok G 0 g o R

LR EAREER YK R Aol B AR b B
POk E PR R AL o n B R R Rl S i kR
LG AR A ERRREER YR F A MR REE

4O Ry e I R (T RAEATHR S A B R A

BN AFHRG AH TR Wigafon £ KR * (T
o A B P BT ERES 6 SRR AE R LRIER G ]
B e BT RG v LRI 5 T G {8 AR T L S R R BN
IR o A g I NP BRI L R R Y R
oMUY RF RN T Z REEFWRE  SHEHY

p) B A B AR$ KR TP M AL 0 T Rl g erip £
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B ohedk &g 0E B 3FT o > 2k i€ * k¥ = 2 (hydrostatic
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%2 9 WY A

MEN
Age Excellent Good Moderate Overweight  Significant-overweight
<19 12.0 12.1-17.0 17.1-22.0 22.1-27.0 >27.1
20-29 13.0 13.1-18.0 18.1-23.0 23.1-28.0 >28.1
30-39 14.0 14.1-19.0 19.1-24.0 24.1-29.0 >29.1
40-49 15.0 15.1-20.0 20.1-25.0 25.1-30.0 >30.1
>50 16.0 16.1-21.0 21.1-26.0 26.1-31.0 >31.1

Moderate, health fitness standard ; Excellent , Good, High physical fitness standard

% 3. MY A

WOMEN
Age Excellent Good Moderate Overweight  Significant-overweight
<19 17.0 17.1-22.0 22.1-27.0 27.1-32.0 >32.1
20-29 18.0 18.1-23.0 23.1-28.0 28.1-33.0 >33.1
30-39 19.0 19.1-24.0 24.1-29.0 29.1-34.0 >34.1
40-49 20.0 20.1-25.0 25.1-30.0 30.1-35.0 >35.1
>50 21.0 21.1-26.0 26.1-31.0 31.1-36.0 >36.1

Moderate, health fitness standard ; Excellent , Good, High physical fitness standard
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% 4 . Bruce protocol

STANDART BRUCE
STAGE DURATION (min)  TOTAL TIME SPEED (mile/h) GRADE (%)
1 3 1.7 10
2 3 6 2.5 12
3 3 9 3.4 14
4 3 12 4.2 16
5 3 15 5.0 18
6 3 18 6.0 20
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Abstract

The purpose of this study was to investigate the effects of regular exercise to energy consumption during
exercise. Twenty subjects were recruited in this study, and ten subjects with regular exercise were as the exercise
group and ten subjects with sedentary lifestyle were as the non-exercise group. They run on a treadmill at a Bruce
protocol until they became exhausted. We measured parameters including respiratory exchange ratio (RER)
during exercise, and energy source before and after anaerobic threshold (AT). A t-test was used to examine the
effects of RER during exercise, and the magnitude of energy source below and above AT. A level of statistical
significance was p <0.05. The results showed RER increased by exercise intensity, and the increasing rate of
RER was larger in non-exercise group. Glucose was the major source of energy consumption to exercise group,
and glucose and fat were the major sources to non-exercise group after AT. Conclusion, the regular exercise will

promote the capacity of clearance lactic acid.

Keywords: energy consumption, respiratory exchange ratio, regular exercise
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