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<Table 4>, <Table 5> % <Figure 2>% ZTt}.

Table 4. The Results of two-way repeated ANOVA for Body Weight after

12weeks
T SS DF MS F P
Group 32.041 1 32.041 121 732
Period 6.724 1 6.724 1.913 184
Group*Period 42.025 1 42.025 11.954 .003
Error 63.281 18 3.516
Total 144.071 21

o ARt WA Ay FHub 7HF=121, p=.732) B ZFAHA71(F=1913, p=.184)°] w
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Table 5. Comparison of Body Weight after 12weeks

Body weight(kg)

Group
pre post t p
Control 64.24+11.84 65.47+12.82 -2.077 068
Exercise 68.08+10.65 65.21+10.91 2.793 021
t 763 -.049
p 455 .962
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Figure 2. Comparison of Body weight after 12weeks
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<Table 6>, <Table 7> % <Figure 3>3 #ZTt}.

Table 6. The Results of two-way repeated ANOVA for Lean Body Mass

after 12 weeks.

T SS DF MS F P
Group 870 1 870 018 894
Period .020 1 020 .059 811

Group*Period .030 1 .030 .088 770

Error 6.164 18 342

Total 7.084 21

ojutB W R Ay Aok HF=.018, p=.894) ¥ ZFHA7|(F=.059, p=.811)° u}
Fol7b vebubAl @sked, ddst SAA 7o w
FoAge] g NE fo& Aol (F=.088, p=.770)7} YEFEA ek kTt

i

Table 7. Comparison of Lean Body Mass after 12weeks

Lean Body Mass(kg)

Group
pre post t p
Control. 40.89+4.64 40.99+5.00 -.354 731
Exercise 41.24+5.13 41.23+4.85 .042 968
t 160 109
p 875 914
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<Table 8>, <Table 9> % <Figure 4>} #t}.

Table 8. The Results of two-way repeated ANOVA for Body Fat Mass

after 12weeks

T 5SS DF MS F P
Group 21.756 1 21.756 161 .693
Period 7.832 1 7.832 3.450 .080

Group*Period 40.602 1 40.602 17.886 .001

Error 40.861 18 2.270

Total 111.051 21

HhEW R A Ay Jd 7HF=.161, p=.693) 2 4 A 7] (F=3.450, p=080)°] w
2 Wites FAME fofF Aolrt uvEuyA Fkou, ddd FAHAAI A urE

dE g Bl AL F @ Aol (F=17.886, p=001)7} LElsk ot
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Table 9. Comparison of Body Fat Mass after 12weeks

Body Fat Mass(kg)

Group
pre post t p
Control 23.35+8.76 24.48+9.50 -2.953 016
Exercise 26.84+6.92 23.94+7.73 3.323 .009
t .988 -139
p 336 .891
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Figure 4. Comparison of Body Fat Mass after 12weeks
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<Table 10>, <Table 11> @ <Figure 5>¢ #t}.

Table 10. The results of two-way repeated ANOVA for Percent Body Fat

after 12weeks

T 5SS DF MS F P
Group 22.650 1 22.650 275 .606
Period 8.930 1 8.930 3.604 074

Group*Period 37.442 1 37.442 15.110 .001

Error 44.602 18 2.478

Total 113.624 21

o AukE M FEA A Yk 1H(F=275 p=.606) X FA A7 (F=3.604, p=.074)°] w

E Wde SAACE FoAF Aolst vEuA fgod, Hud FAAIC wE
FEAge] Aol s foF Aol (F=15.110, p=.001)7} vhEbyET).

Table 11. Comparison of Percent Body Fat after 12weeks

Percent Body Fat(%)

Group
pre post t p
Control 35.51+6.88 36.50+7.10 -3.952 .003
Exercise 38.95+5.14 36.07+£6.73 2.989 015
t 1.266 -139
p 222 .891
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<Table 12>, <Table 13> % <Figure 6>3 2T},

3@ BMI ¥ste o

Table 12. The Results of two-way repeated ANOVA for BMI after 12weeks

T8 SS DF MS F P

Group 16.002 1 16.002 370 551

Period 930 930 1.625 219

Group*Period 6.972 1 6.972 12.182 .003

Error 10.303 18 572
Total 34.207 21
ojgdutE W kR A Ax Ak 7HF=370, p=.551) @ =A A 7] (F=1.625, p=.219)°] u}
2 Wee FAdoE F9% Aozt UdEHUA Fdoy, JuHd FAHAV G gE
doge g A e F9% 2ol (F=12.182, p=.003)7F YEFR T},
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Table 13. Comparison of BMI after 12weeks

BMI(kg/m?)
Group
pre post t p
Control 25.29+4.97 25.82+5.33 -2.196 056
Exercise 27.39+4.06 26.25+4.25 2.759 022
t 1.035 573
p 315 844
BMIE= Ae zhe] 0lwg & 23 Add AF RFA f9@ A7t e
& ok
Ad Jol A AR-AE Folg BAE A3 FAREL §9F Aolsh HehiA

Gokou, EERTeA A= FoshA #HA(t=2.759, p=.022)F Aoz YERT
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Figure 6. Comparison of BMI after 12weeks
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<Table 14>, <Table 15> % <Figure 7>3 2T},

Table 14. The Results of two-way repeated ANOVA for Left Grip Strength

after 12weeks

T 5SS DF MS F P
Group 60.762 1 60.762 1.638 217
Period 42.230 1 42.230 26.953 .001

Group*Period 1.122 1 1.122 12.182 .003

Error 28.202 18 1.567

Total 132.316 21

Table 15. Comparison of Left Grip Strength after 12weeks

Left Grip Strength(kg)

Group
pre post t p
Control 21.30+2.89 23.02+3.82 -2.396 040
Exercise 23.43+5.19 25.82+5.24 -7.167 .001
t 1.134 1.366
p 276 189

Aotde gg Bl A MTE & A AAY AT LFAA F98 o7t g
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<Table 16>, <Table 17> % <Figure 8>3 2T},

Table 16. The Results of two-way repeated ANOVA for Right Grip Strength

after 12weeks

T SS DF MS F P
Group 81.510 1 81.510 1.735 204
Period 73.712 1 73.712 43.786 .001

Group*Period 4.970 1 4.970 2.952 103

Error 30.303 18 1.683

Total 190.495 21
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Table 17. Comparison of Right Grip Strength after 12weeks

Right Grip Strength(kg)

Group
pre post t p
Control 22.77+3.79 24.78+3.61 -5.091 .001
Exercise 24.92+6.51 28.34+£5.25 -4.754 .001
t 902 1.767
p 379 .094
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Figure 8. Comparison of Right Grip Strength after 12weeks
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<Table 18>, <Table 19> @ <Figure 9>9 #t}.

Table 18. The Results of two-way repeated ANOVA for Back Strength

after 12weeks

T SS DF MS F P
Group 99.856 1 99.856 303 .589
Period 450.241 1 450.241 15.321 .001

Group*Period 776.161 1 776.161 26412 .001

Error 528.968 18 29.387

Total 1855.226 21

HEWFRY Ay Jd HF=303, p=589)dE BAHCR F& Aolst 4
Bhu Al ekgko vy A A 7(F=15.321, p=.001)c] W& w3t e F93 2o|7t e
ek A SNV me dEAee] aAAR feeh Aol (F=26.412, p.001)

Table 19. Comparison of Back Strength after 12weeks

Back Strength(kg)

Group
pre post t p
Control 50.30+13.15 48.20+12.64 1.554 155
Exercise 44.65+11.90 60.17+15.60 -4.926 .001
t -1.007 1.885
p 327 .076
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<Table 20>, <Table 21> 2 <Figure 10>3 #t}.

Table 20. The Results of two-way repeated ANOVA for Muscle Endurance

after 12weeks

T 5SS DF MS F P
Group 60.025 1 60.025 1.222 284
Period 132.225 1 132.225 20.487 .001
Group*Period 70.225 1 70.225 10.799 .004
Error 117.050 18 6.503
Total 316.525 21
o] dubE W SR A Ay Ao 7H(F=1222, p=284)ds EAHCE F93 o]}
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Table 21. Comparison of Muscle Endurance after 12weeks

Muscle Endurance(times/60sec)

Group
pre post t p
Control 24.30+4.90 25.30+5.12 -1.088 305
Exercise 24.10+6.47 30.40+4.38 -4.753 .001
t -0.78 2.39%4
p .939 .028
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Figure 10. Comparison of Muscle Endurance after 12weeks
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<Table 22>, <Table 23> % <Figure 11>3 7t}

Table 22. The Results of two-way repeated ANOVA for Flexibility after

12weeks
T SS DF MS F P
Group 287.296 1 287.296 2.040 170
Period 9.216 1 9.216 2.904 106
Group*Period 58.564 1 58.564 18.455 .001
Error 57.120 18 3.173
Total 412.286 21

o ANt E W T A Ay FJo 1HF=2.040, p=.170) R ZA A7 (F=2.904, p=.106)°l

e HMe SAANCE FoF A7t UuHuA oy, Jdd AT e
Ao addl = F93% Aol (F=18.455, p=.001)7} EFykTh.
Table 23. Comparison of Flexibility after 12weeks
Flexibili
Group exibility(cm)
pre post t p
Control 14.51+8.40 13.05+7.26 1.969 .081
Exercise 17.45+9.67 20.83+8.44 -3.985 .003
t .726 2.210
p 477 .040

$A4Ee AW o MaE @ A A Fo8 Aosh YA 2ot A
ebg o

o
o
A% Wl A AR-AS AelE BHF A% BAGWE F9F Aol BEuUA

gtort, £EARAAL folaA F7Hi=-3985, p=003)F Ao vhEbu
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& <Table 24>, <Table 25> ¥ <Figure 12>} #t},

Table 24. The Results of two-way repeated ANOVA for Cardiovascular

Endurance after 12weeks

T SS DF MS F P
Group 49472.936 1 49472.936 4.587 .046
Period 4641.008 1 4641.008 4.305 .053

Group*Period 36387.437 1 36387.437 33.753 .001

Error 19405.068 18 1078.059

Total 109906.449 21

Shoh. RAekat SAA VO wE g THAAE T3 Aol (F=33.753, p=.001)
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Table 25. Comparison of Cardiovascular Endurance

Cardiovascular Endurance(sec)

Group
pre post t p
Control 686.57+87.77 725.35+72.94 -3.046 014
Exercise 676.56£64.00 594.69+81.28 4.990 001
t -292 -3.783
p 774 .001
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Figure 12. Comparison of Cardiovascular Endurance after 12weeks
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<Table 26>, <Table 27> 2 <Figure 13>3 #t}.

Table 26. The Results of two-way repeated ANOVA for Waist Circumference

after 12weeks

T SS DF MS F P
Group 47.306 1 47.306 306 587
Period 75.350 1 75.350 7.576 013

Group*Period 138.756 1 138.756 13.951 .002

Error 179.028 18 9.946

Total 440.44 21

7HF=.306, p=587)°] EAH oz F3 zo]7} U
UA ekt oy AN 7| (F=7576, p=.013)o] w& W3lol = F2 3 o]zt ey
o A A7 2 F58e addE f2 3 o] (F=13.951, p=.002)7}

Table 27. Comparison of Waist Circumference after 12weeks

Waist Circumference(cm)

Group
pre post t p
Control 77.90+9.54 78.88+10.08 -.706 498
Exercise 83.80+8.14 77.3318.36 4.514 .001
t 1.487 -374
p 154 713
dezds Ad g vus A A ALF RSOl fo 3 Aol 7k e
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2) 89

1257 €285 zzad A4 F Ea

==
o,

B3 £EGu

ru (
ofl
T
toly
rir
L
dlo

<Table 28>, <Table 29> % <Figure 14>¢} Zt}.

Table 28. The Results of two-way repeated ANOVA for Blood Glucose

after 12weeks

T SS DF MS F P
Group 216.225 1 216.225 1.278 273
Period 11.025 1 11.025 076 786

Group*Period 119.025 1 119.025 819 377

Error 2616.450 18 145.358

Total 2962.725 21
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o dukEH R M Azl Ao H(F=1.278, p=.273) ¥ A A 7] (F=.076, p=.786)°l
& Hgol N SAHCE Fog zolrt YEuA gen, oyt SHA T w
A A& gHE Folg Ao] (F=.819, p=.377)7} YEYA & okt).

Table 29. Comparison of Blood Glucose after 12weeks
Blood Glucose(mg/dl)
Group
pre post t p
Control 85.90+6.90 90.40+8.14 -1.524 162
Exercise 94.00+22.38 91.60+3.78 .341 741
t 1.094 423
p .289 .677
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Figure 14. Comparison of Blood Glucose after 12weeks
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<Table 30>, <Table 31> % <Figure 15>%} ZTt}.
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Table 30. The Results of two-way repeated ANOVA for Systolic Blood

Pressure after 12weeks

T SS DF MS F P
Group 384.400 1 384.400 2.948 103
Period 22.500 1 22.500 307 586

Group*Period 78.400 1 78.400 1.071 314

Error 1317.100 18 73172

Total 1802.400 21

ol dWtE WA A3 o 7HF=2.948, p=.103) ¥ A A 7](F=.307, p=.586)°] w
A

o)k vhebibA ergron, gust Z4A e w

2 o EA4oR fo@ &
HE o8 20| (F=1071, p=3147F FEA gk,

Table 31. Comparison of Systolic Blood Pressure after 12weeks

Systolic Blood Pressure(mmHg)

Group
pre post t p
Control 112.50+11.81 116.80+8.74 -1.050 321
Exercise 121.50+11.96 120.20+6.96 .368 722
t 1.694 .962
p 108 .349

g RAT A% SAYUS 2EYD REAA £99
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<Table 32>, <Table 32> ¥ <Figure 16>3 2Zt}.
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Table 32. The Results of two-way repeated ANOVA for Diastolic Blood

Pressure after 12weeks

T SS DF MS F P
Group 148.225 1 148.225 1.170 294
Period 30.625 1 30.625 617 442

Group*Period 42.025 1 42.025 846 370

Error 893.850 18 49.658

Total 1114.725 21
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Table 33. Comparison of Diastolic Blood Pressure after 12weeks

Diastolic Blood Pressure(mmHg)

Group
pre post t p
Control 68.90+11.38 72.70+11.72 -937 373
Exercise 74.80+6.71 74.50%6.40 162 875
t 1.412 426
p 175 .675
ofgh7] b A ghol waE I AR A ARF BFCA ot 2o vt
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Figure 16. Comparison of Diastolic Blood Pressure after 12weeks
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5) =4 AW (Triglyceride, TG)
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<Table 34>, <Table 35> % <Figure 17>3 zt}.

Table 34. The Results of two-way repeated ANOVA for TG after 12weeks

T SS DF MS F P
Group 2160.900 1 2160.900 762 394
Period 1020.100 1 1020.100 3.236 .089

Group*Period 2560.000 1 2560.000 8.120 011

Error 5674.900 18 315.272

Total 11415.900 21

o ANt W A Ay e 1HF=762, p=.394) B =74 A 7]1(F=3.236, p=.089)°] u
2 WA FAHeR Fo3 Aol7t yEyA fokoy, Hwd AT ubE

Feage g e Fo3 Aol (F=8.120, p=.011)7F WEFREH

Table 35. Comparison of TG after 12weeks

Group TG(mg/dl)
pre post t p
Control 69.70+41.90 75.60+36.62 -.981 352
Exercise 100.40+48.08 74.30£29.87 2.752 022
t 1.522 -.087
p 145 932

# Aol7h U
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oy, +EHGAAE FoHA A (t=2.752, p=.022)F A= YEET.
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<Table 36>, <Table 37> % <Figure 18>} ZTt}.

Table 36. The Results of two-way repeated ANOVA for HDL-C after

12weeks
T SS DF MS F P
Group 774.400 1 774.400 2.639 122
Period .900 1 900 025 877
Group*Period 12.100 1 12.100 330 573
Error 661.000 18 36.722
Total 1448.400 21

ojdubEw R A Ay Yk 1HF=2.639, p=.122) ¥ ZA A 7] (F=.025, p=.877) w
2 WA FAALE Fof3 o7t dEuA @kt A FAHAVA
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Table 37. Comparison of HDL-C after 12weeks

HDL-C(mg/dl)

Group

pre post t p
Control 76.20+12.56 77.60+11.42 -.643 536
Exercise 68.50+16.28 67.70+10.35 254 806
t -1.184 -2.031
p 252 .057
HDL-C: g% gt Wag & A3 Add A5 BRA @ o7k et
Aok
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Figure 18. Comparison of HDL-C after 12weeks
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dl ~H = (Low Density Lipoprotein Cholesterol, LDL-C)

1253 ¢85 = A AA T FARGY P LDL-C Wite o&
<Table 38>, <Table 39> % <Figure 19>3 7 t}.

Table 38. The Results of two-way repeated ANOVA for LDL-C after

12weeks
T SS DF MS F P
Group 2.025 2.025 .002 968
Period 93.025 93.025 685 419
Group*Period 65.025 1 65.025 479 498
Error 2443 .450 18 135.747
Total 2603.525 21

ok E M FEA A o H(F=.002, p=968) H FAA 71 (F=.685 p=.419)° w

kol 7b Wb UAl e gkrh. R SA A7

Table 39. Comparison of LDL-C after 12weeks
LDL-C(mg/dl)

Group
pre post t p
Control 109.60+31.61 109.10+£26.22 .095 926
Exercise 111.70+23.62 106.10+21.99 1.083 307
t 168 -277
p .868 .785

oA AQA-AF AolE BHE AW 5
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8) & Z# ~H E(Total Cholesterol, TC)
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<Table 40>, <Table 41> 2 <Figure 20>3 %t}

Table 40. The Results of two-way repeated ANOVA for Total Cholesterol

after 12weeks

T 5SS DF MS F P
Group 354.025 1 354.025 221 .644
Period 931.225 1 931.225 4.456 .049

Group*Period 455.625 1 455.625 2.180 157

Error 3761.650 18 208.981

Total 5502.525 21

ol FEA A3 Jd 7H(F=221, p=644)9] TAHoE fFF Ao]7t e
5 A A7 (F=4.456, p=049)9] w2 ®telA = Fod o7k Yey
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Table 41. Comparison of Total Cholesterol after 12weeks

TC di
Group (mg/dl)
pre post t p

Control 199.80+39.16 196.90+26.24 430 677
Exercise 200.60+29.26 184.20+23.24 2.657 026

t .052 -1.146

p .959 267

TCE A% 4 MuE @ A% AAR AT BEAA F9F Fol7 deA
% skt
e dolA AA-AF AelE BAR A3 BAREE £ Aol7t dEA
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Figure 20. Comparison of TC after 12weeks
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Table 42. The Results of two-way repeated ANOVA for Leptin after

12weeks
T SS DF MS F P
Group 163.216 1 478 478 498
Period 776.161 1 776.161 33.576 .001
Group*Period 314.721 1 314.721 13.615 .002
Error 416.098 18 23.117
Total 1670.196 21

ol YutE W FRA Ay Fk 7H(F=478, p=498)dl A H o7 F3 o7}t yE
A gokot, F4 A 7]1(F=33.576, p=.001)°] W& Wato] M= fod 2o 7} ey
o Ay A7 g2 Fadde addAE 93 o] (F=13.612, p=.002)7}

Table 43. Comparison of Leptin after 12weeks

Leptin(mg/dl)
Group
pre post t p
Control 25.86+£16.95 22.66+16.09 1.760 112
Exercise 27.43£10.72 13.01£8.21 5917 001
t .248 -1.689
p .807 108
AL AW gl MmE F A AR AFE ZRAA KT Aol7k hEhtA

52
%0,
Ku)
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<Abstract>

The Effect of Circuit Training on Health-related Physical Fitness,
Metabolic Syndrome Risk Factors and Leptin in Obese

Female College Students

Kim, Ji-Woon
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Supervised by professor Kim, Young-Pyo

The purpose of this study was to investigate the effect of circuit training on
health-related physical fitness, metabolic syndrome risk factors and leptin after having
obese female college students participate in the circuit training program for 12 weeks.
Among the 20 subjects, ten were randomly assigned to the control group and ten to the
exercise group. Circuit training program took 12 weeks with three 60-minute sessions
per week. The control group did not participate in any program. Health-related Physical
Fitness, Metabolic Syndrome risk factors and leptin were measured twice, before and
after the program, and the mean and standard deviation of the factors were calculated
using SASW ver.18.0. The study conducted two-way repeated ANOVA to verify the
difference between the groups and the period of program, paired t-test to verify the

significant difference of each groups before and after the program and independent t-test
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to verify the difference between the groups. The level of significant was set at a=.05 for
all hypotheses. As a result of this study, for the body composition, fat mass and percent
body fat increased significantly for the control group, whereas body weight, fat mass,
percent body fat, and BMI decreased significantly for the exercise group after 12 weeks.
Related to health-related physical fitness, the two groups showed significant differences
in muscle endurance, flexibility, and cardiovascular endurance after 12 weeks.
Cardiovascular endurance decreased significantly for the control group, whereas muscular
strength, muscle endurance, flexibility and cardiovascular endurance increased
significantly for the exercise group. For the metabolic syndrome risk factors, waist
measurement, TG, and TC decreased significantly, and blood pressure, blood glucose,
LDL-C did not show any significant difference, but showed the tendency of decreasing
for the exercise group after 12 weeks. For the leptin decreased significantly for the
exercise group after 12weeks. Considering these findings, the 12 weeks circuit training
positively affected obese female college students health-related physical fitness, metabolic
syndrome risk factors, and leptin. Afterward, if it is aimed at obese women who have

high levels of metabolic syndrome, circuit training will have much more positive impact.
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