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T UATHEF AL, 2004).

o}
=

KeX
=

oA Al
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=

2H(free fatty acid: FFA)
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171+

AT Al <, 2008).
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1986; Chwalbinska-Moneta et al., 2005).

3) EF} AN
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}™ (Bonen et al., 1975),

S

7P LA, Al Z 9]

%2

o A
o] Yt} (Tesch et al., 1982).
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] 3} A (lipase)
A (78], 1998).

PN
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2007).
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= dArE JHHZ
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o} (King et al., 1990).
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AANAAZE A EAstEO FHE e Bu7F F7HoH(Willmore et al.,

FE ALY S A7 982 3o (Brooks et al, 1984). Kindermann 5

(1982)2 VOumaxe] 85%= 231 Al 74A] &3 A3} o gulZzdat 2oy

do] 1087b4] Frhstvta Ruetdla, 5 dIdzZdn w2z A
& VOumax®] 40% 4% olatell A= dojubx] ekom 50~60%0] <] A=l A=
AaAdHFe]l Frkste e @4 Wl dIulEzd ) 2oz FEvF RF
=7} v B sk vk (Deuster et al, 1989). oA & 7| Z &0 549 W

dlate] dAsHA S7eke Aol ofyet o= U AEoA HAs)
Tk 9A9F A=A o] th(Lehmann, et al., 1991).
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1. o1 CHat

JAL A Jeista s F estH e SRk Hsle] glo
B, AR ez Al Fefshx] o= 200 Ak S 24 ol o
H

=)
2 583 olsstn Belol 47 Aol FeAT A2

WL
=
ot

WA UB S FALE, AGLEF F FAELEFLE, FALEE F AGLEDL

o

Table 1. Physical characteristics of subjects.

Body composition

Group n  Age(yrs) Height(cm) Weight(kg)
body fat(%) LBM(kg)
21.38 174.88 68.64 16.58 56.89
Control 8

+2.26 +5.25 +8.78 +6.58 +4.00
Aerobic after 8 21.38 174.13 71.25 19.70 56.65
resistance exercise +1.19 +4.42 +12.19 +5.89 +5.98
Resistance after 3 22.88 175.38 72.39 19.88 57.80
aerobic exercise +1.55 +2.83 +7.78 +3.44 +4.18

Values are means + standard deviation
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ol 4 A] 7] & (Energy substrates), A& 2 (Metabolic hormone)S +2]3}o] ¥ 7135}
=3
Resistance exercise after Aerobic exercise after
Control . . . .
aerobic exercise resistance exercise
v
Pre-conditioning program (1week)
Treadmill / weight training
v
Treatment (12 weeks) - 4 days / week
Treadmill (30min) Weight training(30min)
0~8weeks: HRmax 60~70% 0~8weeks: 1IRM 60~70%, 10~ 15rep, 3sets
9~12weeks: HRmax 70~80% 9~12weeks: 1RM 70~80%, 10~ 15rep, 3sets
v
I I I
pre—test mid-test post—test
(0 week) (8 weeks) (12 weeks)
v
Health Related Energy Metabolic
Physical Fitness substrates hormone
* Body weight » Glucose * Insulin
* Body fat(%) * FFA » Growth hormone
 LBM » Lactate acid » Testosterone
= Sit & reach » Epinephrine
* Bent knee sit—ups * Norepinephrine
» Grip strength
» Back strength
» VOomax
« AT

v

SAS, repeated measure ANOVA & DMR

Figure 1. Experimental Design

@ jeju




(73]
i}
0
00k
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0

Iy
T

e
A
ot
i
__>fl_'4,
K]

i

(1) 214 %24 (body composition)
A71 A8 o] gst AAM7] dydankae FAU8E J83 2A4Y AT

w217] Inbody 720(Biospace, Korea)< ©]&3to] A F(Body weight), A&

(%body fat), AALZFLBM)S FSA3ATE Inbody 7200 &efAA & A=5& F
I AFE e T AHAAR FES o 2 AAHE FHS T duds SA4

Aol olal Fat FrkElol A AAFAE HAIATE SASAT

W BEA FEA PEE S JAG FHO

(4) &% (muscular strength)

@D <= (grip strength)

o) 2" el A(T.T.K. 5401, TAKEIL Japan)E o]&3te] ot2lAe] xZle] utom
Fews qa, BAEAe] A 28de] A Azo] HES FL zdste] Fo
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5, AfAA R Fods HeA 23] SAste] 48 715S 0lkg G E V1S &
ATH.
@wl 3 (back Strength)
O Gu = A(T.T.K. 5402, TAKEL Japan)& AF&3he] 2 w-3lo) 9o A ot
24 15ecm AE Wy AA £F@olE vzdau AAE 0= daow

Bl

FU

A7) £xo] ¥olg 245

o7, 238 A

—.~
2

From A4S dosuA £3oE A3
0.

gtol & 7158

oot
N

A

(5) Al# A 49 (cardio-respiratory function)
E =" (Taeha, Korea)?} A&2 712~ 4 7](Metal y zer 3B, Germany)E A}
£3lo]  H4akA A FH F(maximal oxygen uptake; VOomax)d FAFAA 93
(anaerobic threshold; AT)E =4 stoem, 43 A 302 ol 8-S S AH

of| 5] Bruce Protocols AF&3ste] I @27F &30k of 7% A A6} S T

A, 8F 5, 129 F FLdd Aol F 330 2

AAsER o Aojz FJale AR 7] (Beckman, USA)E )83} 3000rpm

ol A 57 ¥4 EEste] A (serum) ¥ E A (plasma)s e F, -70C° A2
WEale] Bastit
AFE Do) £42 EAF 4 AdEel o= skl

S AFEsEal, A (ADVIA 2400, Japan)E ©]-§3+9, &34 W (Enzymatic
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FFA 5%% 5484 9(NEFA HR.I, Wako CO., Japan)& AH&38t4la, 54

ZHH] (TBA 200FR, Japan)E ©]£3Fe], ACS-ACOD(colorimetry)¥ &2 A3} t}.

(4) ZAike] A4
Lactate acidx %+ =748 A F(Lactate, Roche, Swiss)S AF&3 1, =4 4]

(Integra 800, Japan)E ©]|83}¢], EnzymeticH &2 #2413} ).

L

(5) =] &4

e

Insuling =+ =48 A %(Insulin(RI), SIEMENS, USA)S AF&39) L

H| (Centaur XP, USA)E °]&3lo], CLIAY o2 #4339t

6) HHAE2H R B

Testosterone =% =748 A2 (Testosterone(TSTO), SIEMENS, USA)S A}
&35k, 4 4H(ADVIA Centaur XP, USA)E ©] &3¢, CLIA Mo & #2434

(7) BAZT 2R A
Growth hormone F%E+ 748 Al HGH-IRMA, RADIM, USA)S AFE-3t%A

i, 2440 (Cobra T, USA)E ol 5}, RIAMH o2 2489t

Q) oy =g w oy Zele] BA

Epinephrine®} Norepinephrine®] % %=% A] 2 (Plasma Catecholamine, Bio-Rad
CO., Germany)& AM&3F a1, A1 (HP Agilent 1200 series, USA)E ©]&-3}¢],
HPLC¥ o2 A3t
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AARE IRME ZAa7] gelo] Az AFUM 0%l AFEE FHow
AAtste] 28kl F4 AZE FASEA AT 188 S0l &Y+ A T
AAHoT FFS ek WMl IRM AAS AN A8

) ~(leg press), g1 =elM(leg extension), @=L Z(leg curl), A2E =
2 (chest press), @& th&(at pull down), € =g X (shoulder press), §¥ E

gho] Al o] ~ €l A (dumbbell triceps extension), ©'¥ Z(dumbbell curl), A A (sit—up)

T3 AT agE A AT JeteE §it)

2) 54%

dolEEd oY 5 dEE =AY 9F 59 IRMES 7|22 1~-8F=08F ¥+
IRM AZ4A) 60~70% 2% x 153 x 3NEE AP, 9~125% 70~80% %
T x 153] x 3AEES AN AE 7F FAS 18, 22 7 FARE 1Ro® 3§



eEe AN B Fo 12770 F 434
3R, 2008)] TEIPL Y wetste] PR FuF 2Eol HEE AN
At
Table 2. Aerobic exercise after resistance exercise program.
Items Duration Frequency
Warm-up stretching 10 min
Leg press, Leg extension, Leg curl
Chest press, Lat pull down,
Shoulder press, Dumbbell curl
) Over head dumbbell extension,
Weight ) .
. Sit-up 30 min
training
1 ~8weeks:(1IRM-60~70%, 15rep, 3set)
9~12weeks:(1IRM-70~80%, 15rep, 3set)
rest/set, Item-1 min 4 day/week
Treadmill running
Aerobic .
. 30 min
exercise 1~8weeks:(HRmax 60~70%)
9~12weeks:(HRmax 70~80%)
Cool-down stretching 10 min
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Table 3. Resistance exercise after aerobic exercise program.

Items Duration Frequency
Warm-up stretching 10 min
Treadmill running
Aerobic )
. 30 min
exercise 1~8weeks:(HRmax 60~70%)
9~12weeks:(HRmax 70~80%)
Leg press, Leg extension, Leg curl
Chest press, Lat pull down, 4 day/week
Shoulder press, Dumbbell curl
. Over head dumbbell extension,
Weight . )
. Sit-up 30 min
training
1 ~8weeks:(1RM-60~70%, 15rep, 3set)
9~12weeks:(1IRM-70~80%, 12rep, 3set)
rest/set, Item-1 min
Cool-down stretching 10 min
5. A= A2
2 AT EE AsAEE SAS 4 GLM Z=Z 13 (Version 9.1)& ©] &3

RE 5S4 35 Ay FEHAE ST Ve SAAE SAR 2 A
79 7Hd HASE A8 JF@xSA7IER A, T 8F 5, w9 125 $)9
s dolr 7] fete] wbEE4 FEAFEA (repeated measure ANOVA)S A A8}
Art ol st AFe] Ede] dig Jo 1 @ FHAA T mE FAAH] Ao] AF
of thalt A}F 7 Z(post-hoc)S DMR(Duncan’s Multiple Range)S o] &3t &

A7 1 AFE 9

ro

Lo

o TFee a=.052 HAstA.
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<Table 4> Changes and differences of health related physical fitness factors

among groups after 12 weeks.(Mean + SD)

Items Group n Oweek 8weeks 12weeks
Body weight CON 8 68.64+8.78 69.159.20 60.74+9.63
R-A 8 71.25+12.19 72.21+12.22 71.710.93

(kg) A-R 8 72.39+7.78 72.43+8.25 71.63+8.38
osbody fat CON 8 16.58+6.58 18.50+6.50 17.8446.45
) R-A 8 19.7+5.89 19.40+5.07 1753+4.97

(%) A-R 8 19.88+3.44 18934351 17.85+3.28
Lean Body Mass  CON 8 56.89+4.00 55.804.31 56.83+4.81
R-A 8 56.65+5.98 57724655 58.70+5.66

(kg) AR 8 57.80+4.18 58.50+4.79 58.76+5.14

Sit & reach CON 8 8.25+851 5.73+7.27 5.61£7.78
R-A 8 14.50+4.44 16.01+4.42 17.21+5.64

(cm) AR 8 3.99+6.06 7.48+4.96 9.01+4.63
Situp CON 8 26.25+3.33 95.00+3.12 95.13+2.85
R-A 8 926.25+3.41 27.50+2.27 30.63+1.51

(reps) AR 8 93.75+2.82 96.63+1.69 30.25+2.12
Grip strength CON 8 37.06+6.93 37462713 38.24+5.9
R-A 8 37.00+4.13 A41.40+3.47 42.96+5.04

(kg) AR 8 37.39+7.94 A2.78+4.99 44.16+4.18
Back strength CON 8 1113122330 109382420  109.81+25.17
R-A 8  11750+2656  134.16+2542  13856+20.90
(kg) AR 8 12525:2131 136312133  151.25+34.07
VOumas CON 8 56.386.97 547547 42 55.63+7.39

. R-A 8  5750+10.14 64.25+9.43 68.509.55
(ml/kg/min) AR 8 50.63+5.68 63.75+7.19 68.00+6.70
Anaerobic CON 8 36.88+6.81 33.88+7.04 A41.00£7.50
Threshold R-A 8 30.25+8.23 45.38+9.10 50.38+11.84
(ml/kg/min) AR 8 37.38+9.56 4350+11.87  4650+13.33

CON: control R-A: aerobic exercise after resistance exercise

A-R: resistance exercise after aerobic exercise

SALEF(CON), AFEE §F FALEEILFR-A), FALEE & AFdes

o
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(A-R)9] &% #, &% 8F F, &% 125 59 AZAHAAH (health related

physical fitness)e] =to] e} WM sl= (Table 4)¢F 2.

1) A9 A3

Aol e vEE4 2R A= <Table 5>, ol AFe Hd 2 55

L

Hxael AFEHZE A= <Table 6> % <Figure 2>¢ 7t}

Table 5. The results of repeated measure ANOVA for body weight.

Source DF Type I SS Mean Square F-Value P

Group 2 126.43 63.21 0.22 0.8047
Error(Group) 21 6047.20 287.96

Term 2 3.10 1.55 1.27 0.2908
Term*Group 4 7.67 1.92 1.57 0.1989
Error(Term) 42 51.19 1.22

7 Qe A wEsg PR

<Table 5> 4 Holx uie} o] 7|
qu-ﬂ- %Fﬂf?} [F(z, 21):0.22, p:O.8047] i]—o] 7]’ ]4’5}]4‘7(]
& [Fo, 2=1.27, p=0.2908] #}e]7} vFepLbA] edokrh. 717 2 H el gk 548

A= & [Fu, =157, p=0.1989] AFo]7} vtefLbA] eF ottt

Table 6. Comparison of body weight(kg) change among groups.

training period P-Value
Group F
Oweek 8week 12week Post-hoc
68.64 69.15 69.74 2.74 0.0988
CON
(8.78) (9.20) (9.68)
RA 71.25 72.21 71.7 1.29 0.3073
(12.19) (12.22) (10.93)
AR 72.39 72.43 71.63 0.83 0.4549
(7.78) (8.25) (8.38)

CON: control R-A: aerobic exercise after resistance exercise

A-R: resistance exercise after aerobic exercise
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<Table 6>l HEol= npe} o] 7t Hatwd Folo] M AT W3k= FoAf
7F vEbuA g e FE A el e A WEE {93 Zfolrh vEhy

A ek 9kt (Figure 2).

Body weight
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72 :;::-r;"—"'--g_" =

71
. 70 - =O=con
- 69 el Y—

o -&@-R-A

68 —- AR

67

66

Oweek 8week 12week

Figure 2. Comparison of body weight change among groups.

2) AXYES] ¥

AAGE g HESH EAEA A= <Table 7>, Jd AALEY Hf

2 FFEAXY AFEAZE A= <Table 8> ¥ <Figure 3>3 #Zt}

Table 7. The results of repeated measure ANOVA for %body fat.

Source DF Type I SS Mean Square F-Value P

Group 2 24.67 12.33 0.15 0.8585
Error(Group) 21 1685.55 80.26

Term 2 19.67 9.84 9.21 0.0005
Term=*Group 4 34.28 8.57 8.03 0.0001
Error(Term) 42 44.84 1.07
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A=

Ho
lo

S [Fu, £=8.03, p=0.0001] =}o]7} vheEfRL

Table 8. Comparison of %body fat change among groups.

Fo1@ [Fio -921, p=0.0005] AolE RAI, 717t 2 ke o

rol
ox
].01,
2
ofo

training period P-Value

Group F

Oweek 8week 12week Post-hoc

16.58 18.50 17.84 6.61 0.0095
CON

(6.58) (6.50) (6.45) 0 <8, 12
RA 19.70 19.40 17.53 9.60 0.0024

(5.89) (5.07) (4.97) 0,8 > 12
AR 19.88 18.93 17.85 9.26 0.0027

(3.44) (3.51) (3.28) 0,8 > 12

CON: control R-A: aerobic exercise after resistance exercise

A-R: resistance exercise after aerobic exercise

<Table 8>A Hi= uvie} o] Z Huwy THo| wE AAHE W= &

3 Apol7h A ekt

Lo

%Body fat

21

20 -
19 T~

EIQ con
17 / —-
o R-A
16
- A-R
15
14
Owek 8week 12week
Figure 3. Comparison of %body fat change among groups.
<Table 8> A Hol= Hie} o] 7} ot Fdo] we AALES] Wt
olgt Zpol7F YERR] gkttt Hud FAAFo| w2 AAWES] W= TA F
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g Fd A wth £d 8% Fo g4 125 Fol Fo8A EANAL, ARLE
FAA2EE FUHR-AS Fd 127 37 4 A % 9 8% F no 4909
A Lo, FilheEs & AFgdeEs JHA-RE T 125 37 4 d 2
+d 8F F HT FostA FFAaskA th(Figure 3).
3) AA ] A3t
A A ke gk M ES4 4kt A A3 <Table 9>, Jwd A A whFo]
2 ZFAXS AFEASE A= <Table 10> 2 <Figure 4>¢F 7t}
Table 9. The results of repeated measure ANOVA for LBM.
Source DF Type I SS Mean Square F-Value P
Group 2 40.77 20.38 0.27 0.77
Error(Group) 21 1612.92 76.81
Term 2 12.47 6.24 7.62 0.0015
Term*Group 4 13.33 3.33 4.07 0.007
Error(Term) 42 34.36 0.82
<Table 9> 4 Ho]l& ufe} o] 7 el A A wfeFe] whEZS4 FAHEA 2 F
ol wel {3 [Fo 2=0.27, p=0.77] ZFe]7} WebA] &kom, F-7]|3tel
)%t [Fo =762, p=0.0015] ztol& H L, 7|3+ R Hoo| thah FEA-goA e
o8 [Fu, 42=4.07, p=0.007] *}o]7} vHebyk
Table 10. Comparison of LBM(kg) change among groups.
training period P-Value
Group F
Oweek 8week 12week Post-hoc
56.89 55.89 56.83 3.67 0.0522
CON
(4.00) (4.31) (4.81) NS
RA 56.65 57.73 58.70 9.84 0.0021
(5.98) (6.55) (5.66) 0 <8, 12
AR 57.80 58.50 58.76 2.16 0.1521
(4.18) 4.79) (5.14) NS
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CON: control R-A: aerobic exercise after resistance exercise

A-R: resistance exercise after aerobic exercise NS: no significant difference

=]
A Ho 487 F R T 125 FA felaA TSRO, faeE

A&d+s HHA-RAAE ol Astzt YepubA] & ko (Figure 4).

LBEM
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56 e * 2 =E-R-A
55 - A-R
54
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Figure 4. Comparison of LBM change among groups.

4 Fa49 ws

ra

Ao sk WiEZ=x BARXA Aul= <Table 11>, Ao-d A9 Hr

o]
2ke} AV EH S A <Table 12> 2 <Figure 5>¢F 2t}

=31
A o
)

STable 115614 oIt vheh o] 7 Aul Fadel MuZY BAEAL
ol wEl {93k [Fo 2)=6.48, p=0.0064] =Fo]7F YElow, SHZ| AT
sk [Fo 49=4.35, p=0.0192] #olE& H a1, 7]zF D Hehel] gk Fs2gol e

o8 [Fu, 42=855, p=0.0001] #to]& tteEbH LTt
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Table 11. The results of repeated measure ANOVA for sit and reach.

Source DF Type I SS Mean Square F-Value P

Group 2 1364.51 632.25 6.48 0.0064
Error(Group) 21 2209.91 105.23

Term 2 34.69 17.35 4.35 0.0192
Term=*Group 4 136.53 34.13 8.55 0.0001
Error(Term) 42 167.58 3.99

Table 12. Comparison of sit and reach(cm) change among groups.

training period P-Value

Group F

Oweek Sweek 12week Post-hoc

8.25% 5.73° 5.61° 2.72 0.1002
CON

(851) (7.27) (7.78) NS
FA 14.50° 16.012 17.212 4.14 0.0386

(4.44) (4.42) (5.64) 0 < 12
AR 3.99° 7.48° 9.01° 28.38 0.0001

(6.06) (4.96) (4.63) 0<8<12

CON: control. R-A: aerobic exercise after resistance exercise
A-R: resistance exercise after aerobic exercise. a, b, c: significant difference between

group . NS! no significant difference

AT JEHR-A)] FAAEE ¥ ATEE JHA-REY FostA =Rk o
gl 5

HR-A)o] TA A
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Figure 5. Comparison of sit and reach change among groups.

Sl dolzle] e MESA SAEA Ay <Table 13>, A& S5 Lo

-~

719l Hqt 2 FFAA9 AHEHE S AyE <Table 14> % <Figure 6>3¥ 7t}

Table 13. The results of repeated measure ANOVA for bent knee sit-up.

Source DF Type I SS Mean Square F-Value P

Group 2 85.44 42.72 2.64 0.0949
Error(Group) 21 339.88 16.18

Term 2 133.86 66.93 26.84 0.0001
Term*Group 4 124.72 31.18 12.50 0.0001
Error(Term) 42 104.75 2.49

<Table 13> 4 Ho]:x= ufe} o] 7 Hehd

L

>,O

R o A
o7} e} A ergkont, EH7|
ol M= o3 [Fo 2=26.84, p=0.0001] ztolE H AL, 7]3F 2 ko] oigh &

BAdos|7)e] WEEY LA

< ol wet {FYF [Fo 2)=2.64, p=0.0949] %

-

TG E Fold [Fu 21250, p=0.001] zto]& YR AT
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& HAE(A-R)°o] A fHetol #]

ol

§ ol

ol

H =& Aoz eyt

Table 14. Comparison of bent knee sit—up(reps) change among groups.

training period P-Value

Group F

Oweek 8week 12week Post-hoc

26.25 25.00 25.13° 3.37 0.0638
CON

(3.38) (3.12) (2.85) NS
RA 26.25 27.50 30.63% 16.06 0.0002

(3.41) (2.27) (1.51) 0, 8 <12
AR 23.75 26.63 30.25% 22.18 0.0001

(2.82) (1.69) (2.12) 0 <8< 12

CON: control. R-A: aerobic exercise after resistance exercise
A-R: resistance exercise after aerobic exercise. a, b, c: significant difference between

group. NS: no significant difference

Sit-up
40
30
o —— O
E‘_ 20 =O=con
=R _A
10 - AR
0
Oweek Sweek 12week

Figure 6. Comparison of bent knee sit—-up change among groups.
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6) ot e W3}
obelo] tlg WE3AQ PAHEA AE <Table 15>, Qe oge) it o
=H 2o AV EH S A}E <Table 16> 2 <Figure 7>3 7t}
Table 15. The results of repeated measure ANOVA for grip strength.
Source DF Type I SS Mean Square F-Value P
Group 2 192.38 96.19 1.14 0.3398
Error(Group) 21 1776.92 84.62
Term 2 276.64 138.32 20.55 0.0001
Term*Group 4 86.95 21.74 3.23 0.0213
Error(Term) 42 282.76 6.73
<Table 15>914 ol vhsh o] 7 Auhd ofele] wEzg PARAE Hv
of web fol¥k [Fu a-114, p=0.3398] Zrol7b vpERbA] @Fgtov}, 7] 7ke] A
Fol @ [Fio, =205, p=0.0001] ol mgla, 713+ 2 Aol 0@ 452804
© 0% [Fu =323, p=0.0213] Ae]7} Q= Ao Ve
Table 16. Comparison of grip strength(kg) change among groups.
training period P-Value
Group F
Oweek 8week 12week Post-hoc
37.06 37.46 38.24° 0.95 0.4088
CON
(6.93) (7.13) (5.96) NS
RA 37.00 41.40 42,96 11.42 0.0011
(4.13) (3.47) (5.04) 0 <8, 12
AR 37.39 42.78 44,162 9.75 0.0022
(7.94) (4.99) (4.18) 0 <8, 12
CON: control. R-A: aerobic exercise after resistance exercise
A-R: resistance exercise after aerobic exercise. a, b, c: significant difference between
group. NS: no significant difference
<Table 16>14 moli wuhsh o] 2t Ped Falo] mpe ofze] Wi Fa
12F S0l §A28E F ATLE ARA-RO EA Aunt folad we A
o= v
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Figure 7. Comparison of grip strength change among groups.

7 AM=Ee w3

af el ik WHEEA AR AdE <Table 17>, Aol w2 e] 4 9l
E=A1AY AFEH S AdE <Table 18> 2 <Figure 8>3 2t}
Table 17. The results of repeated measure ANOVA for back strength.
Source DF Type I SS Mean Square F-Value P
Group 2 9644.30 4822.15 2.89 0.0781
Error(Group) 21 35079.81 1670.47
Term 2 2783.59 1391.80 13.71 0.0001
Term*Group 4 1929.51 482.38 475 0.003
Error(Term) 42 4263.56 101.51
<Table 17>014 Mol Hhs} ol 2 Pebhd wjzede] wuZyg RARAS 4
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ol wel 7998 [Fo 2=2.89, p=0.0781] #to]& HolA tont, F#7]|te]
o3t [Fo, 2=13.71, p=0.0001] *}o]& R, 7|3t
'ﬁ‘-‘ﬂ‘?} [F(4, 42):4.75, p:0.003] i]—o]% I%EWJ Sfj\]:]-

S,
N,
e
=2
=
rol
ox
fols
2
oo
=2
>
b

Table 18. Comparison of back strength change(kg) among groups.

training period P-Value

Group F

Oweek 8week 12week Post-hoc

111.31 109.38 109.81° 0.18 0.8412
CON

(23.30) (24.20) (25.17) NS
RA 117.50 134.16° 138.56° 10.97 0.0014

(26.56) (25.42) (20.90) 0 <8, 12
AR 125.25 136.31% 151.25° .13 0.0045

(21.31) (21.33) (34.07) 0, 8 <12

CON: control. R-A: aerobic exercise after resistance exercise
A-R: resistance exercise after aerobic exercise. a, b, c¢: significant difference between

group. NS! no significant difference

85 Fo ¥ 127 Fol AFeF § FAAEE IDR-AF} FALeEs § A
s AHA-R)O] FA el v FodtA =2 Aow HEhmy
Back strength
200
150 e
2 g 5
100 -O = con
-E-R-A
50 - A-R

Oweek 8week 12week

Figure 8. Comparison of back strength change among.
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<Table 20> % <Figure 9>°|A H

-
1

Aok ApFHE 23

o
NR
2=
=K

T
‘.—_mﬂo
o)
o
s

whe} 2,

)

0.071
0.0001
0.0001

F-Value
3.01
24.46
8.49

171.38
231.26
80.24
9.46

515,51
0.071] #Fo]7b vEfLA] ehgtont, 7]

Mean Square
24.46, p=0.0001]1 =}o]

3.01, p

Type I SS
1031.03
3598.96
462.53
320.97
397.17

uhsh o] 7

b [Fo o
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1
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21
2
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DF
of we} el
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Group
Error(Group)
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Term*Group
Error(Term)

<Table 19> A] o]

Table 19. The results of repeated measure ANOVA for VOsmax.
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Table 20. Comparison of VOsmax(ml/kg/min) change among groups.

training period P—Value

Group F

Oweek 8week 12week Post—hoc

56.38 54.75P 55.63" 1.52 0.2528
CON

(6.97) (7.42) (7.39) NS
RoA 57.50 64.25% 68.50% 34.12 0.0001

(10.14) (9.48) (9.55) 0<8<12
AR 59.63 63.75% 68.00% 7.94 0.0050

(5.68) (7.19) (6.70) 0 < 12

CON: control. R-A: aerobic exercise after resistance exercise
A-R: resistance exercise after aerobic exercise. a, b, c¢: significant difference between

group. NS: no significant difference

Els
VO2max
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=
E 40 =O=con
S -l _
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= 20 - A-R
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Figure 9. Comparison of VOsmax change among groups.
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T A Ao 3k wkE=2 BAEA A= <Table 21>, i

o] Hat W FFAAS} AM-HST A <Table 22> % <Figure 10>¥ -t}

Table 21. The results of repeated measure ANOVA for AT.

Source DF Type I SS Mean Square F-Value P

Group 2 448.08 224.04 0.87 0.4328
Error(Group) 21 5396.46 256.97

Term 2 799.75 399.86 28.94 0.0001
Term*Group 4 111.17 27.79 2.01 0.1104
Error(Term) 42 580.42 13.82

<Table 21>°)4 Hol: nle} 7ro] zF Aubd HAAA ox¢ wE=x
A2 kel weh Fo3 [Fe 27087, p=0.4328] #Fo]7} YEpA] gokon, &1
717Pel M e ol [Fo 2=2894, p=0.0001] zte]l& WERH R, 717F 2 ko] o

g dEEo = A% [Fu =201, p=0.1104] 2-o]7F YeEbHA] &k,

Table 22. Comparison of AT(ml/kg/min) change among groups.

training period P-Value

Group F

Oweek 8week 12week Post-hoc

36.88 38.88 41.00 2.53 0.1156
CON

(6.81) (7.04) (7.50) NS
RA 39.25 45.38 50.38 11.17 0.0013

(8.23) (9.10) (11.84) 0 <8, 12
AR 37.38 43.50 46.50 30.06 0.0001

(9.56) (11.87) (13.33) 0 <8< 12

CON: control. R-A: aerobic exercise after resistance exercise

A-R: resistance exercise after aerobic exercise. NS: no significant difference

<Table 22> A B n}¢} o] 7+ Fud

7 2 Aol 1
Fo A7 JEA kg,

ro
il

Py e s

s
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Figure 10. Comparison of AT change among groups.

2. oflqx| 7| &2l He}

Table 23. Changes and differences of energy substrates factors among groups

after 12 weeks.(Mean + SD)

Items Group n Oweek 8weeks 12weeks
CON 8 86.50+5.09 85.75%5.31 91.75£4.98
Glucose
R-A 3 82.75+12.23 93.88+10.79 38.88+11.64
(mg/dL)
A-R 8 78.38+6.84 82.38+8.86 82.75%6.84
FFA CON 3 309.25+£132.27 395.63£195.32 327.38£136.43
(WEa/L) R-A 8 567.38+318.44 396.50£231.66 475.88+210.07
Rt A-R 3 534.25+345.81 445.38+150.32 554.00£117.98
. CON 8 13.25+3.10 11.38+2.62 13.38+2.93
Lactate acid
(me/dL) R-A 3 22.00+£9.07 18.88+4.12 12.88+4.36
e A-R 8 19.88+10.60 12.50+5.01 8.88+3.87

CON: control.

A-R: resistance exercise after aerobic exercise

Collection @ jeju
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FAZE(CON), AgdEs T FAL2EEIFR-A), Fta2ds & A5 1w
(A-R)9] & A, &5 8F &, & 127 £ oy x| 7|d(energy substrates)2]

-

2Fol 9} W3l <Table 23>3 2t}

Table 24. The results of repeated measure ANOVA for glucose.

Source DF Type I SS Mean Square F-Value P

Group 2 805.78 402.89 3.04 0.069
Error(Group) 21 2779.33 132.35

Term 2 405.86 202.93 4.76 0.0137
Term*Group 4 355.97 88.99 2.09 0.0994
Error(Term) 42 1790.17 42.62

<Table 24>°llA Hol:= npe} o] 7} Wl FFHA2E REERZA BAHEA 2
Aol wet 7993 [Fo 2=3.04, p=0.069] AFol7} “efbA] edgkont, Fd 7|3k
M Folet [Fo 2=4.76, p=0.0137] #olE B, 7|13 2 ko] gk o4&

I

NM = T g [Fu, 2=2.09, p=0.0994] =}o]7} vrepLdA] ¥kt

Table 25. Comparison of glucose(mg/dL) change among groups.

training period P-Value

Group F

Oweek 8week 12week Post-hoc

86.50 85,752 91.75 6.95 0.0080
CON

(5.09) (5.31) (4.98) 0, 8 < 12
RA 82.75 93.88% 88.88 3.01 0.0818

(12.23) (10.79) (11.64) NS
AR 78.38 82.38" 82.75 1.42 0.2736

(6.84) (8.86) (6.84) NS

CON: control. R-A: aerobic exercise after resistance exercise

A-R: resistance exercise after aerobic exercise. a, b, c: significant difference between
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group. NS: no significant difference
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Figure 11. Comparison of glucose change among groups.
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FEAGANNE 2% [Fu 2=3.23, p=0.0213] ze]& YERNA eF%th.

Table 26. The results of repeated measure ANOVA for FFA.

Source DF Type I SS Mean Square F-Value P

Group 2 378885.03 189442.51 2.09 0.1492
Error(Group) 21 1907290.29 90823.35

Term 2 42021.86 21010.93 0.80 0.4549
Term=*Group 4 161728.39 40432.10 1.54 0.207
Error(Term) 42 1099603.08 26181.03

Table 27. Comparison of FFA(uEg/L) change among groups.

training period P-Value
Group F
Oweek 8week 12week Post-hoc
309.25 395.63 327.38 2.87 0.0904
CON
(132.27) (195.32) (136.43)
RA 567.38 396.50 475.88 1.57 0.2419
(318.44) (231.66) (210.07)
AR 534.25 445.38 554.00 2.39 0.0785

(345.81) (150.32) (117.98)

CON: control. R-A: aerobic exercise after resistance exercise

A-R: resistance exercise after aerobic exercise. a, b, c: significant difference between

group. NS! no significant difference
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Figure 12. Comparison of FFA change among groups.

3) At w3

Aako] Ojg WMEZA BARA Ave <Table 28>, Awd 4o BE 2 ¥
FHA} AFEAZF A= <Table 29> 2 <Figure 13>3 #t},
Table 28. The results of repeated measure ANOVA for lactate acid.
Source DF Type I SS Mean Square F-Value P
Group 2 404.33 202.17 3.80 0.03%9
Error(Group) 21 1116.33 53.16
Term 2 594.25 297.13 13.08 0.0001
Term=*Group 4 266.67 66.67 2.93 0.0316
Error(Term) 42 954.42 22.72

<Table 28>914 Holi= whsh zke] 7} Perd abe] wE2A
o wheh o8 [Fo, =380, p=0.0389] Aol % UEuglon], Fu7]Zrl A% £9]
gt [Fo, £=13.08, p=0.0001] #to]l& H A, 7|7t 2 Yok thgt F5 2ol A

e
pal [e] b | -

93t [Fu, =293, p=0.0316] z}°]= e AT}
<Table 29>l A Ho]= nfe} o] 7} bl T mE Ak WsteE &4 8
F T AFLE T FAA2EE JH(R-A)o] FALEE T ATFEE AT (A-R)
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Table 29. Comparison of lactate acid(mg/dL) change among groups.

training period P—Value

Group F

Oweek 8week 12week Post—hoc

13.25 11.38° 12.38 3.62 0.0541
CON

(3.10) (2.62) (2.93) NS
- 22.00 18.88% 12.88 4.57 0.0297

(9.07) (4.12) (4.36) 0> 12
AR 19.88 12.50° 8.88 8.80 0.0034

(10.60) (5.01) (3.87) 0> 8, 12

CON: control. R-A: aerobic exercise after resistance exercise
A-R: resistance exercise after aerobic exercise. a, b, c: significant difference between

group. NS: no significant difference

° 2 e (Figure 13).
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Figure 13. Comparison of lactate acid change among groups.
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3. LHALZHH S=2F29| Big]

A 1% (CON), AdEs %
(A-R)9] &+ A, & 8F

hormone)?] z}o]9} W3}l <Table 30> %t}

oft

Table 30. Changes and differences of metabolic hormones factors among
groups after 12 weeks.(Mean + SD)
Items Group n Oweek 8weeks 12weeks
Insuli CON 8 15.91+£10.26 15.42+11.01 24.69+15.01
( ?LS; mL) R-A 8 20.04+23.99 3714+3231  1563+16.83
e A-R 8 1357+9.83 8.21+6.64 4,66+1.94
CON 8 477.00£83.39 462.60£107.09 514.86+173.29
Testosterone
(n/dL) R-A 8 575.23£125.42 624.33£179.11 704.42+160.38
ne A-R 8 566.09£109.90 655.74£90.37 727.33£98.34
CON 8 3.06+4.54 0.80+1.13 1.43+2.61
Growth hormone
(ng/mL) R-A 8 0.98+1.44 1.37+1.22 1.50+0.80
nesm A-R 8 0.11+0.81 1.0040.75 0.87+0.39
. . CON 8 18.20+£16.27 71.19+66.62 31.18+16.82
Epinephrine
(pg/mL) R-A 8 30.57+25.03 54.44+19.35 50.79+17.65
besm A-R 8 96.99+20.22 606245334  28.83+24.83
. . CON 8 139.07+67.87 164.98+91.65 154.49+112.31
Norepinephrine
(pg/mL) R-A 8 169.86+54.09 171.08+93.99 218.37+81.17
berm AR 8 142566285  189.18+102.14  258.06+161.72
CON: control. R-A: aerobic exercise after resistance exercise
A-R: resistance exercise after aerobic exercise

1) Jd=d9 W3l
Ao ik MEZ4 FARA A= <Table 31>, Jod A& Hit
YA} AV S AF = <Table 32> 2 <Figure 14>9} 2t}

<Table 31> Hol:= ne} 7o)

4

7 e Qlewe] wEIg Rapye

coll wel o3 [Fo 20=2.70, p=0.0902] #Fol& Ho]A| 9k,
T8 [Fo =119, p=0.3149] AFolS yehx] dskon, 7|3t 81 Heko] et &
DGl = Fod [Fu =417, p=0.0062] Zto]& YR AT
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Table 31. The results of repeated measure ANOVA for insulin.

Source DF Type I SS Mean Square F-Value P

Group 2 2938.01 1469.00 2.70 0.0902
Error(Group) 21 11407.97 543.24

Term 2 352.05 176.03 1.19 0.3149
Term*Group 4 2469.88 617.47 417 0.0062
Error(Term) 42 6223.78 148.16

Table 32. Comparison of insulin(ulU/mL) change among groups.

training period P-Value

Group F

Oweek 8week 12week Post-hoc

15.91 15.42° 24.69% 2.96 0.0846
CON

(10.26) (11.01) (15.01) NS
RA 20.04 37.14% 15.63% 3.14 0.0747

(23.99) (32.31) (16.83) NS
AR 1357 8.21° 4.66° 3.80 0.0480

(9.83) (6.64) (1.94) 0> 12

CON: control. R-A: aerobic exercise after resistance exercise
A-R: resistance exercise after aerobic exercise. a, b, c: significant difference between

group. NS: no significant difference

<Table 32>°1A ®olt vhsl o] 7 ek Flo] me AHe] Wahe FA
8% Fol AFeE ¥ AA2LE FTR-A FALEE F AFEE Pu

(A-R) 21 &A Jtel ]
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Figure 14. Comparison of insulin change among groups.

2) HHAEXAHE9 W3

Hl 2B E] g w54 2424 A3 <Table 33>, I HEEZH

=9 dxt 9 x5t AFHS A= <Table 34> 9 <Figure 15>} 2t}

Table 33. The results of repeated measure ANOVA for testosterone.

Source DF Type I SS Mean Square F-Value P

Group 2 398323.11 199161.55 4.63 0.0216
Error(Group) 21 904145.15 43054.53

Term 2 146216.08 73108.04 19.29 0.0001
Term*Group 4 37868.87 9467.22 2.50 0.0609
Error(Term) 42 159140.38 3789.06

<Table 33>0A] Holi= n}e} o] Z ok HAEAHE HbE=2] Habi

< Hekol wel Folgt [Fe 2=4.63, p=0.0216] zto]7} yEbskom, Fd7]3ke] A=

o
i
(0¢]
N
o
o
o
i
o
_l

o
o
N
otk
Mo
off
o
do
2
B
Mo
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F ARLE AGARC] BA Puel ma) felsiA B Ao vy
Table 34. Comparison of testosterone(ng/mL) change among groups.
training period P-Value
Group F
Oweek 8week 12week Post-hoc
477.37 462.60° 514.86° 1.90 0.1865
CON
(83.39) (107.09) (173.29) NS
RA 575.23 624.33% 704.422 9.65 0.0023
(125.42) (179.11) (160.38) 0, 8 < 12
AR 566.09 655.74% 727.33% 10.92 0.0014
(109.90) (90.37) (98.34) 0 <8, 12

CON: control. R-A: aerobic exercise after resistance exercise

A-R: resistance exercise after aerobic exercise. a, b, c: significant difference between

group. NS! no significant difference

< 7k ok (Figure 15).
Testosterone
800
= —O
c_ ™
*5., 400 == —O~con
= - A
200 - AR
0
Oweek 8week 12week

Figure 15. Comparison of testosterone change among groups.
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A

Al A3 <Table 35>, HdE A= 29

O

% A3+ <Table 36> % <Figure 16>3} 7t}

Table 35. The results of repeated measure ANOVA for growth hormone..

Source DF Type I SS Mean Square F-Value P

Group 2 14.63 7.31 0.89 0.4255
Error(Group) 21 172.54 8.22

Term 2 1.31 0.65 0.43 0.6502
Term*Group 4 25.18 6.29 4.18 0.0061
Error(Term) 42 63.22 1.51

<Table 35>l A Ho]= ufe} o] 7}

At web §o 3k [Fo 2)=0.89, p=0.4255] ZFolE& Ho|x| gFgkom F& 7)1k A

$93 [Fo, =043, p=0.6502] #to] = EUA gkekort),

H

FEAGANME o3 [Fu =418, p=0.0061] z}o]E eI

o

Table 36. Comparison of growth hormone(ng/mL) change among groups.

training period P-Value
Group F
Oweek 8week 12week Post-hoc
3.06 0.80 1.43 2.67 0.1045
CON
(4.54) (1.13) (2.61) NS
0.98 1.37 1.50 2.21 0.1463
R-A
(1.44) (1.22) (0.80) NS
AR 0.11 1.00 0.87 9.42 0.0026
(0.81) (0.75) (0.39) 0 <8, 12

CON: control. R-A: aerobic exercise after resistance exercise

A-R: resistance exercise after aerobic exercise. NS: no significant difference

s

AT e W

it

ek Fdo] w

<Table 36>A] Hol= Hpe} o] 7}

o

FOF A7k Y Ao vehg
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Figure 16. Comparison of growth hormone change among groups.

4) A=Y W3}

gz del tigh R BAHEA Aiks <Table 37>, Jod o 9|2 <]

Het W ZFHA AMS S Ay <Table 38> ¥ <Figure 17>3 2t}

Table 37. The results of repeated measure ANOVA for epinephrine.

Source DF Type I SS Mean Square F-Value P

Group 2 1728.35 864.17 0.51 0.6058
Error(Group) 21 35351.61 1683.41

Term 2 19400.53 9700.27 11.37 0.0001
Term*Group 4 3603.24 900.81 1.06 0.3904
Error(Term) 42 35844.14 853.43

<Table 37>l Boli= npe} o] 74 Hubd oLl o] whn=7 Faktd S

Aekell el {Fo 8 [Fio =051, p=0.6058] #}o]& Ho]A| Fgkort
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s
o

T3 [Fe, 2=11.37, p=0.0001] #FolE depidet. 22t 717 2 kol o
FEAgA A= FYE [Fu 2-1.06, p=0.3904] zto]E& e A] &%t

rol

Table 38. Comparison of epinephrine(pg/mL) change among groups.

training period P-Value

Group F

Oweek 8week 12week Post-hoc

18.20 71.19 31.18° 5.04 0.0224
CON

(16.27) (66.62) (16.82) 0,12 <8
RA 30.57 54.44 50.79%° 477 0.0264

(25.03) (19.35) (17.65) 0 <8, 12
AR 26.99 60.62 23.83% 3.80 0.0481

(20.22) (53.34) (24.88) 0 <8

CON: control. R-A: aerobic exercise after resistance exercise
A-R: resistance exercise after aerobic exercise. a, b, c: significant difference between

group. NS! no significant difference

<Table 38> 4] Hol:= upe} o] zp ekl Fddof wpE oz e] W3t

.
FA 2% Fol HALLE F ATLE YHA-Re BA dgel ws) §ol5h

80
60
E. 40 =O=con
g -@-R-A
20 = AR
0]
Oweek 8week 12week

Figure 17. Comparison of epinephrine change among groups.
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A FHA o] e I Zde WeE 54 Ade A$ F4 d3 Fd4
127 $oll vs £& 8F F7F FostA =& Aoz vewrh AdLs F F4t
AeF AHR-A) A5+ $d dEY - 8F 5, 4 85 FERU T4 125
Fo frolstAl FrtetAaL, fataeEs F AFEE IHA-RY F9E T4 Mo
Hls] Fd 8F Foll frolstA Frkske Ao 2 yUEEtHFigure 17).

aolyylZdo thek vtESA EAHEA A= <Table 39>, H o =20y

Yizdde] Pt W AR AFSEH S A= <Table 40> 2 <Figure 18>3 %+

Table 39. The results of repeated measure ANOVA for norepinephrine.

Source DF Type I SS Mean Square F-Value P

Group 2 25167.95 12583.98 0.72 0.5006
Error(Group) 21 369507.82 17595.61

Term 2 43384.04 21692.02 4.10 0.0236
Term*Group 4 25597.54 6399.39 1.21 0.3207
Error(Term) 42 222030.18 5286.43

>

<Table 39> A Hol= wie} o] 7z} Huy w=2ovjylzde] a4 Sk
A2 Hekel et Fo& [Fo 2=0.72, p=0.5006] #to]l& WEbHA] &skoy, -
71 M= o F [Fo =410, p=0.0236] #Fe]lE& debd vk 7]3F 51 kel of
gt Fsgrgol e Fo g [Fu =121, p=0.3207] #}ol& e =] Skt

<Table 40>l Hol= wpe} o] 7z} Hebd T WE 2oy zele] W

=

@9, Aud Fadse g2 weduizde] wat EAwe 49 94
ol met fold AolE ehiA Rtk AFLEF F AALEE ADR-A)
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Table 40. Comparison of norepinephrine(pg/mL) change among groups.

training period P-Value
Group F
Oweek 8week 12week Post-hoc
139.07 164.98 154.49 0.45 0.6445
CON
(67.87) (91.65) (112.31)
RA 169.86 171.08 218.37 1.20 0.3312
(54.09) (93.99) (81.17)
AR 142.56 189.18 258.06 3.49 0.0591
(62.85) (102.14) (161.72) 0<12

CON: control. R-A: aerobic exercise after resistance exercise

A-R: resistance exercise after aerobic exercise. NS: no significant difference

Norepinephrine

300

250 _—*
e 200 -z _—8
= ——=F— -
E 150 r —) --;C_):;
= 100

50 - A-R

0

Oweek B8week 12week

Figure 18. Comparison of norepinephrine change among groups.
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EA, HA~E2H 2(testosterone) S A oA A ] Zr)ol o £ gl gt
Aol 71odgteE E2&Fo|tH(Ferrando et al., 1998; Fryburg et al., 1993). HX~E 2~ H]
2 dd Y SX3% g gy & FAAA 259 dEd AE XA
o dH HE2EZHEY S7FE fdete 259 FHEE QIS 5,
+5(IRM?] 85~95%), B2 ®RtE3lFe B2 AE 5 &2 F2457160%~60%)
55 5 F Ay(HA3, 2003; Tomas et al., 2000).

+E A YEYE HAEAEHES 8] WHele &5 A%, VI 38 i )
Ao uwhgl thgdt xpo]lE Hola idl, ©AIE &5 A
A= A (Kraemer, 2005; Tremblay et al., 2004)9} FHAI7F &5 Alol= 27t 7
shthal B sk A (Wheeler, 1991) 5ol ot daldgte] mad Fdo o
H2E2HES FH7F S7FE A AW (Consitt et al., 2002; Gulledge et al.,
1996), #FA®EtH(Wade et al, 2005)1. H.i%7|%= vt Ilias 5(2003)3 Meccall
5 (1999)° =9 Ages ¥ HE2EXHESY W yeubA gkt 1Bk
HhH - Kraemer 5(1990)¥ Nindl 5(2001)9] H9& Agd*5S T3 A=
A HAExdHEo] F7tetdtta Bagk v ot 5TAld od HAEAHE
o] W= 317191(2009), Goto 5(2005)2 fFatihds & AFdeeS A 4971

HAEREHES] $2d37E #F2o3 2to]& Blttal sl

Ak BES FAHAI 3, BF Fel Ak Foksk XM olAERELAS

S7HA71aL, | A A S AT A oiAbE SAAIY. B2 ATl

!
[40
:(!)l_gl

A e did A ofn| At F4E F7HAA type I F typell 4
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ABSTRACT

The effect of combined exercise program types on health-related physical
fitness, energy substrates and metabolic hormones

Ko, Yeong-Chan

Department of Physical Education
Graduate School of Jeju National University

Supervised by Professor Kim, Young-Pyo

The purpose of this study was to investigate the effect of combined exercise
program types on health-related physical fitness, energy substrates and
metabolic hormones. The subjects for this study were 24 healthy male university
students who participated in this experiment voluntarily and didn’t have any
disease. The subjects were divided into three groups: the group of aerobic
exercise after resistance exercise(n=8), the group of resistance exercise after
aerobic exercise(n=8), and control group(n=8).

Both the experimental groups were conducted a combined exercise program of
different order for 12 weeks. Resistance exercise was conducted four times a
week with the intensity of 60 ~ 70% of 1RM during the 1st throughout 8th
week and the intensity of 70 ~ 80% of 1RM during the 9th throughout 12th
week. Aerobic exercise was conducted four times a week with the intensity of
60 ~ 70% of maximum heart rate during the 1st throughout 8th week and the
intensity of 70 ~ 80% of maximum heart rate during the 9th through 12th
week.

Statistical techniques for data analysis were repeated measure ANOVA to
determine the differences(3 groups X 3 times) and Duncan’s multiple rage for
post-hoc. The 5% level of significance was utilized as the critical level for

acceptance of hypotheses for the study.
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The conclusions are as follows.
1. Changes of the health-related physical fitness

In the changes of body composition, weight was no significant difference in
between the group of aerobic exercise after resistance exercise and the group of
resistance exercise after aerobic exercise. Body fat was significantly decreased
in the two groups after 8 weeks exercise, and the group of aerobic exercise
after resistance exercise showed a significant increase of LBM after 8 weeks
exercise. In both the exercise groups, flexibility, muscular endurance, muscular
strength and cardiovascular endurance were significantly increased more than
the control group. The result of this study was more an effective method by the

type of program than the other.
2. The changes of energy substrates

There was no significant difference in glucose and free fatty acid being used
by elements of energy substrates between the group of aerobic exercise after
resistance exercise and the group of resistance exercise after aerobic exercise.
Lactic acid, however, significantly decreased in the group of aerobic exercise
after resistance exercise ( 0 > 12 weeks ) and in the group of resistance
exercise after aerobic exercise ( 0 > 8, 12 weeks ) compared to control group,

respectively.
3. The changes of metabolic hormones

Testosterone and epinephrine were significantly higher in both the group of
aerobic exercise after resistance exercise and the group of resistance exercise
after aerobic exercise compared to control group after 8 weeks, the increased

values in both exercised groups showed similar results. In the group of

Collection @ jeju



resistance exercise after aerobic exercise, insulin was significantly decreased,
otherwise, growth hormone and norepinephrine in that group significantly
increased. The result of this study think that the method of resistance exercise
after aerobic exercise was more effective than the other type of program.

In conclusion, the results of this study suggest that the program which
conducted aerobic exercise after resistance exercise can contribute to the better
effect than the program which conducted resistance exercise after aerobic
exercise in the aspect of improving body composition in relation to the obesity.
Also, the present study showed that in metabolic hormones, the program which
conducted resistance exercise after aerobic exercise was more effective than the
program which conducted aerobic exercise after resistance exercise in the aspect
of making lipid metabolism better by decreasing insulin levels. The both
exercised groups showed a similar effect regardless of the order of execution of
exercise in the elements of physical fitness and energy metabolism. Therefore, it
1s wished that further studies be carried out on the effect and development of

combined exercise program.
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