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The Effect of Taekwondo Exercise on Body Composition,
Neurotransmitter and Brain Nerve Growth Factor
in Middle-aged Women

Dae Kyeong Seo

Department of Physical Education
The Graduate School
Pukyong National University
Directed by Professor Koun-Soo Shin, Ph. D

Abstract

The purpose of this study was to determine the effect of
Taekwondo exercise on body composition, neurotransmitter and
brain nerve growth factor in middle—aged women. For this purpose,
26 middle-aged women in Y city were recruited. They were divided
into Taekwondo group(TG, n=13) and control group(CG, n=13).
Taekwondo exercise program was applied exercise equivalent to
RPE 11~12(Week 1-4) and exercise equivalent to RPE 13~15(Week
5-8) and exercise equivalent to RPE 13~15(Week 9-12) 50 minutes
a day for 5 days a week in 12 weeks.

All date were analyzed by two-way repeated with ANOVA for
comparison between groups and interaction and the comparison for
within group change was paired t-test of SPSS package 18.0
program and significant level was set to .05. The results of this

study were as follows:



1. Body Composition

1) Weight was decreased significantly TG(p<.05) but increased
significantly CG(p<.01).

It was significantly different in terms of interaction effect by groups
and times(p<.001).

2) Quantity of body fat % was decreased significantly TG(p<.05) but
increased CG.

It was significantly different in terms of interaction effect by groups
and times(p<.05).

3) Quantity of lean mass was decreased TG but increased CG.
It wasn't any significantly different in terms of interaction effect by
groups and times.

4) BMI was decreased significantly TG(p<.05) but increased
significantly CG(p<.05).

It was significantly different in terms of interaction effect by groups
and times(p<.01).

2. Neurotransmitter

1) Dopamine was increased TG and CG.
It wasn't any significantly different in terms of interaction effect by
groups and times.

2) Serotonin was increased significantly TG(p<.05) and increased
CG.

It was significantly different in terms of interaction effect by
times(p<.05). But it wasn't any significantly different in terms of
interaction effect by groups and times.

= Vil -



3) IL-6 was decreased significantly TG(p<.01) and increased CG.
It wasn't any significantly different in terms of interaction effect by

groups and times.

4) Cortisol was decreased TG but no change CG.

It was significantly different in terms of interaction effect by groups
(p<.01). But it wasn't any significantly different in terms of
interaction effect by groups and times.

3. Brain Nerve Growth factor

1) BDNF was increased significantly TG(p<.05) but decreased CG.
It was significantly different in terms of interaction effect by groups
and times(p<.01).

2) IGF-1 was increased TG but decreased CG.

It wasn't any significantly different in terms of interaction effect by

groups and times.
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BDNF(brain-derived neurotrophic factor), IGF-1(insulin-like growth
factor-1), NGF(nerve growth factor) 5°] 1tH(Pencea et al., 2001).
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BDNFY NGF 53 22 Ad44Adxket 21 fdAe dde] S7ig o=
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2001; Weicker & Struder, 2001).
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1) A A 24 (Body Composition : BC) @ 21 AE FA3 = 245 2 719

SA4aR Tk WHeR AWy AxgEHer oidh= Wil
Ak o] (Rl 4, 2008).

3) AlZEY(Serotonin) : o - Ao
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4) IL-6(Interleukin-6): @2 A 27 AAsI= FHLAS Aelgdd &
et Cytokine &2 Tolsh-, v lab, 74 a7 5 dAXE &

S @43t A7)= Vles U4, 2010).

5) ¥ E(Cortisol) : A 9ol Sz s meke] FAIv oA e

6) BDNF(Brain—derived neurotrophic factor) : 2174 A&l x}= A v}k
3l & FAoA] AEEz= AR AMAAM R AAdY a3 A

7hagdel s8% S|t (H Y, 2010).

7) IGF-1(Insulin like Growth Factor-1) : A%< A& E3}le] 23
Aol A&, W 2 83 gE x2Ae Az Fadk Agh

S 483} Florini, Ewton, & Coolican, 1996).
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a39)at FAwa3Der FHAEARAL ddge dud 4o
<Table 1>3} 7},
Table 1. Physical characteristics of subjects in each group
Group Ages(yrs) Height(cm)  Weight(kg) BMI
(kg/m’")
TG 42.77£5.20 160.15+£5.50 61.76£6.28 24.11+2.48
CG 42.54+4.84 159.65+5.09 09.75+7.71 23.46+2.45

Values=Mean+SD
TG: Taekwondo group, CG: control group, BMI: body mass index
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4?12+ BDNF, IGF-1 o]t}
|5+ <Table 2>9} 2},

ZAET ¥ $EE

Table 2. Measurement tool and items

Measurement tool Model Made Ttem
Body composition Weight, Fat(%),
101 101 Korea
analyzer LBM, BMI
HPLC Alliance USA  Dopamine
HPLC Alliance USA  Serotonin
Microplate Reader VERSA Max USA Interleukin-6
COBRA _
r—counter USA  Cortisol
5010 QUANTUM
Microplate Reader VERSA Max USA BDNF
.. IGF-1
Liaison XL USA _
(Somatomedin-C)

Liaison XL
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IL-69} BDNF3= ELISA(Enzyme-Linked Immunosorbent Assay)®H-& o]
L3l BAM3HT. #FEEL RIARadioimmunoassay), IGF-1&

CLIA(Chemiluminescent Immunoassay)®'3-g o] &3fo] 2413t}

1) A4

12573k] A% FHo] FudAde] MAxGdHE AAHE B4 =3
9, AZEY, IL-6, ZEE, 283 HAAAZL AAHAA 2 1 #A 202
BDNF, IGF-1¢] of® d3&-& w|x=% Zolu”] 93] &5 Z=13& 4
A7l A AP ARz ZHARSE "ol FALE Aol AW wE S

4 " Ajdete] Basksit

2) & A%

AP E A HdE TR

t}. Borg(1998)9] AAIYS F314 FJ=(RPE : rating of perceived
exertion)E ©]& s, +EFAI R FEHAEE HF5A HFote] dEE
2 g3le] 1~45F% AZERPE 11-12)2 £5A7S 295 1082, 7=
&2 5, WAl 10+, A 10, BAAE 104, deles 5w s
F 50 o \ASATh 3 5~8FF U E(RPE 13-15)2 &5 A
H]

& O, 7]EE2F 5, W] 168, A 109, AF7] 168, AY¥

b

MN
Mo
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, 9~12F+ FHE(RPE 13-15)Z &

al

e,
5

—
o

B

, T A7) 158, EA 158, AF7] 20

<Table 3~5>%} 7t}

2O e

A

oAl Bd s

3) A

A

ANzEY, IL-6, ZHE, 1

olr 7] 9

=
=

BDNF, IGF-1¢] ®3}

92Tt

A 3]

Table 3. 1-4 week Taekwondo exercise program
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Table 4. 5-8 week Taekwondo exercise program
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Table 5. 9-12 week Taekwondo exercise program
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5. Az A ¥

oo zREFZ A= SPSS/PC(180ver) Programe ARE3le] vkt

N AFM) 2 EEAASD)IE AEF] thgat 2ol B A SR

D 2t e % A5 Aol HE2 paired t-test® 45T

2) ZF At A @) wE dosag aet Fwzte] zelAFe ol Yuk
= BARAYA(two-way repeated measures ANOVA)SO. & #2319
T},

3 EE BAAY FdFES p< 052 33T
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1) A=

Azel WilE <Table 6>, <Figure 1>3 Zt HAR 572 &
 61.7616.28kgol A & ¥ 60.7616.31kg o= 1.00kg #A3FRNaL, FAT
2 AP AAel A 59.75+7.71kgol Al AFE ARl A 60.42+8.03kg O =
0.66kg <713l T}

Table 6. Change of Weight (kg)
time
Group t—=value
pre post
TG 61.76+6.28 60.76£6.31 2.648"
CG 59.75+7.71 60.42+8.03 -4.046"
t=value 728 122

Values=Mean+SD
TG: Taekwondo group, CG: control group
#p< 05, #p< 01
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Az Hat 2ol AFe A wbESA o3 ojdwFR e b=

<Table 7>3 7t}

A% FFwollA FoF Aol 7 YEb oM (¢ := 2,648, p< .05), FAIL

2}o) 7t YRS CH(f12= —4.046, p< .01).

AA-E fo)dk xpol7t UEYA] @k o | (Fia= 677), AR HEt

g frod Az gt g Aow YR THE »= 16.307, p< .001).
T A SHIE A5 S AN Ay, S5 A E {28 2elv) v

EpUbA] koo (fipm= 728), 2% Fol® foldt Aolvt viehitA| gtk

(tiou= 122).

>
L
do
o
o
24

Table 7. Result of repeated measure ANOVA of Weight

Source DF SS MS F=value
Group(A) 1 18.007 18.007 178
Error 24 2424.905 101.038
Time(B) 1 372 372 677
A x B 1 8.972 8972 16.307"™
Error 24 13.205 550

wkkl p< 001
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HH##

62 7
®pre
B T _ post
Weight
(kg) 60 -
59 1

58

TG CcG

Figure 1. Change of Weight in pre and post for 12 weeks program
* p< 0B, ** p< Ol

2) AXYE

A AE2] ®W3}= <Table 8>, <Figure 2>9} #Zv} HdE 5
X

& A 31.04+352%°1 4 & F 30.45+3.83%F 0.59% #AstHaL, EAT
o

2 AR ARl A 30.3444.23% 00 A AFS- A AFoll A 30.54+£3.78% = 0.20%
7}k T}

Table 8. Change of Fat(%)

(%)
time
Group t-value
pre post
TG 31.04+£3.52 30.45+3.88 2.234"
CG 30.34£4.23 30.54+3.78 -.805
t-value 459 -.061

Values=Mean+SD

TG: Taekwondo group, CG: control group
*p< .0b
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AAREe] B Aol AFS AT WEHAH| ofF ojgFRe] 2

= <Table 9> 7t}

Fro)gt zpol7t YEb o™ (0= 2.234, p< 05), AT
o] 7} YERUA] ekt (ti10= -.805).
ol 7F VbR ko (Fia= 1.165), AR Azt
o= froleh Aaganrt g Aoz e tH(Fiu= 4752, p< .05).
T A SHIE AFS AN A, 25 ACdE {28 2elv) v
EpUbA] gkokom(fim= 459), 2% FolE foldk Aozt viehtA] gtk
(t102= —.061).

Table 9. Result of repeated measure ANOVA of Fat(%4)

Source DF SS MS F-value
Group(A) 1 1.200 1.200 041
Error 24 705.160 29.382
Time(B) 4 500 500 1.165
A x B 1 2.040 2.040 4.752"
Error 24 10.305 429

*: p< .05
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32 q

Fat(%) =T

post

29
TG cG

Figure 2. Change of Fat(%) in pre and post for 12 weeks program
*1 p< .05

3) HX|

A A Hree] W3l <Table 10>, <Figure 3>3 2t} HAR S5+
5 A 4247+354kgoll A & T 42.13+350kgo.= 0.34kg A AFFH AL,
AT AP AHAAVo| A 41.37+342kgoll Al A AR A 41.72+3.69kg =
0.35kg < 7}3F3i Tt

Table 10. Change of LBM (kg)
Group time t-value
pre post
TG 42.47+3.54 42.13+3.50 1.125
CG 41.37+£3.42 41.72+3.69 -1.749
t-value 807 .294

Values=Mean+SD
TG: Taekwondo group, CG: control group
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Han 25wl Fod ael7k vEbA] @to (= 1.125), AT
AME ol g Aol7f YERRA] U THte= -.805).

AAEE ol gk Aol 7k YERRA] @t (Fra= 000, AR ekl
= T SR EhA] ST 3.612).
A5 SHEE tASe AAS 2, Fdol= 7od Zolvt v
BhLbA]l koM (tip= 807), =& FollE 23 abol7f vehbA] ety
(tiu= 294).

Table 11. Result of repeated measure ANOVA of LBM

Source DF =) MS F-value
Group(A) 1 7.463 7.463 303
Error 24 590.538 24.606

Time(B) 1 .000 .000 .000
A xB 1 I_sY 4 1.523 3.612
Error 24 10.122 422
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42
Weight '
(kg) Hpre
post
41

40

TG CG

Figure 3. Change of LBM in pre and post for 12 weeks program

4) BMI

BMI®] ®3}E= <Table 12>, <Figure 4>¢} Zt} gd% 57 %
A 24.11£248kg/m’eI Al % F 2367£251kg/m’® 0.44kg/m” 74385 AL
BEATS A FHAlA 2342+245kg/mPAll A AFE AL A]
2358+2.43kg/m’ % 0.17kg/m* Z 718+ T},

Table 12. Change of BMI (kg/m?)
time
Group t-value
pre post
TG 24.11£2.48 23.67+2.51 2.695"
CG 23.42+2.45 23.58+2.43 -3.027
t-value 17 .087

Values=Mean+SD
TG: Taekwondo group, CG: control group
*p< .0b
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BMIS] 9 Aol A5& 913 M=ol o3 oAz Aue

<Table 13>¥ 7t}

A& feol gk zFol 7 e THE 1= -3.027, p< .05).
b apol 7 VERUA] ko m (Fio= 2.448), AR HTE
o= FYe A5 eEAI A AR YERGTHEF u= 12474, p< 01).
T A4S SHAEE (15 AN A 25 E fod zelst
EUA] ko (to= 717), &5 Follk folgh xol7t yEbbA eFskth
(t12:= .087).

Table 13. Result of repeated measure ANOVA of BMI

Source DF SS MS F-value
Group(A) 1 1.962 1.962 163
Error 24 289.482 12.062
Time(B) 1 236 236 2.448
A x B 1 1.200 1.200 12.474"
Error 24 2.309 096

skl p< 01

_31_



##

25 1
* *
B pore
kBMlz 24 - P
(kg/m?) post
23 T 1

TG CG

Figure 4. Change of BMI in pre and post for 12 weeks program
*1 p< .05
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=yl e] W3dki= <Table 14>, <Figure 5>9F 2t} "gd% S5+ &
5 A 37.32+11.88pg/mLol A 5 ¥ 42.86+12.52pg/mL % 5.54pg/mL %7}
3 I, AT A FHARel A 36.03+12.45pg/mLel A AR A}l A

37.392+9.29pg/mLE 1.36pg/mlL =7} %t}

Table 14. Change of Dopamine (pg/mL)
time
Group t-value
pre post
TG 37.32+11.88 42.86+12.52 -1.207
CG 36.03+12.45 37.39£9.29 =877
t-value 271 1.265

Values=Mean+SD
TG: Taekwondo group, CG: control group

50%7

40 A
, 30 -
Dopamine B pre
(pg/mL)
20 - post
10 +

TG CG

Figure 5. Change of Dopamine in pre and post for 12 weeks program
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BAE 2FwolA o Ael7k YEuA 90 W (2= -1.207), FAT
AME ol g Aol7f YErRA] U THtwe= -.877).
AAEE o7 Zpol 7l UERA] ko™ (I = 2.209), Al
o= o FEGaNTF A AT = T44).
5

A5 SYEE AL AT 23, SEANE fAF Hol7h v}

i

EhbA] ko (o= 271), & Foll: Fosh Xfol7f yEhbA] kTt
(tioa= 1.26D5).

Table 15. Result of repeated measure ANOVA of Dopamine

Source DF SS MS F-value
Group(A) 1 148.585 148.585 168
Error 24 4641.950 193.415
Time(B) i 154.733 154.733 2.029
A x B 1 56.702 56.702 744
Error 24 1830.061 76.253

2) AI2EY

MzEUe] W3li= <Table 16>, <Figure 6>3% Zt} HdALR 57+
& A 102.22+37.36ng/mL ol 4] 5 < 154.07£88.60ng/mL =
51.85ng/mL F7}alH 3L, FATS AR ARl A 116.59+39.18ng/mLel 4]

AR ALl A 128.32462.68ng/mLE 11.72ng/ml 5 7}8FSl vt

Mo
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Table 16. Change of Serotonin (ng/mL)

time
Group t-value
pre post
TG 102.22+£37.36 154.07+88.60 -2.376"
CG 116.59£39.18 128.32+62.68 -.845
t-value -.958 856

Values=Mean+SD
TG: Taekwondo group, CG: control group

*p< .0b
*

160 -

140 - _
Serotonin Hpre
(ng/mL) 1297

post
100 -+
80 T 1
TG CG

Figure 6. Change of Serotonin in pre and post for 12 weeks program

oAM= Fd Aol7f YErA U THt= -.845).
A2 ol gk zhol 7t yEF oW (Fia= 6.045, p< .05), A&t H ezt
o= o FEAEgaNTF YA AT 2.409).

>
jatn)
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8 AF SYRL ((ES AN 2%, LEANE FAT Fol7
EbUFA] o™ (fio= —958), &5 Fol% sk Aot vERUA] kTt
(t1oa= .856).

Table 17. Result of repeated measure ANOVA of Serotonin

Source DF 5SS MS F-value
Group(A) 1 420.662 420.662 081
Error 24 124360.253 5181.677
Time(B) 1 13136.582 13136.582 6.045°
A x B 1 5234.056 5234.056 2.409
Error 24 52152.498 2L 70,

3) IL-6

IL-62] ¥W3li= <Table 18>, <Figure 7>3 Zt} €A% 57 %
A 1.27+66pg/mLolA &% F 0.90+£37pg/mLE 0.36pg/mL 7439 a,
AL Abd AAbelAd 0.87+1.00pg/mLel A AFE ZlALe] A
1.05+1.28pg/mLE 0.18pg/mlL =7}3} %t}

Table 18. Change of IL-6 (pg/mL)
time
Group t-value
pre post
TG 1.27+.66 0.90+.37 3.356™
CG 0.87+1.00 1.05+1.28 -.386
t-value -.367 712

Values=Mean+SD
TG: Taekwondo group, CG: control group
*xp< 01
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16 -
12 A
IL-6 | ®pre
(pg/mL) 0.8 -
post
04 -
0.0 . .

TG CG

Figure 7. Change of IL-6 in pre and post for 12 weeks program
*: p< .05

L-69 BT Aol AFL 97 WEZA o5 oA BT Arpi

<Table 19>9} 7t}

A% FEwolA ol Aoz Y om (f= 3.356, p< 01, FA
A ok Aol b vEhbA] ek uh(s o= -.386).
ANAER Fo8 zol7t YERLEA ko (Fia= 149), A A H ezt
e o FoFg st YELR %%%EHFLM: 1.295).
T AT FHREE s AAT 2, eedds FY3 Aol
EFA] ko m(fp= —367), &% Folm F9a xoj7t vEA ek gk
(= 712).
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Table 19. Result of repeated measure ANOVA of IL-6

Source DF SS MS F-value
Group(A) 1 188 188 216
Error 24 20.829 368
Time(B) 1 d11 d11 149
A xB 1 964 964 1.295
Error 24 17.864 744

4) FAE|IE

FEZE9 W3lE <Table 20>, <Figure 8>3 #t} HA®E S5+

& A 567+2.89ng/dLol A #-F $ 5.44+2.70pg/dLE 0.23pg/dL A3k

i, FAEE AR FARA 10.25+3.62pg/dL el A

10.25+4.53ng/dL= A ¢ W37} glelo).

AE el A

Table 20. Change of Cortisol (ng/dL)
time
Group t-value
pre post
TG 5.67+2.89 5.44+2.70 810
CG 10.25+3.62 10.25+4.53 .000
t-value -3.566" -3.291™

Values=Mean+SD
TG: Taekwondo group, CG: control group
*xp< 01
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12 =
8 -
Cortisol M pre
(ug/dL)
post
4 -
0 . ]

TG CG

Figure 8. Change of Cortisol in pre and post for 12 weeks program

FEEe) A Aol AE L 9 MuSAd P olAWTEAe A

SEol Al frolgk Aolzh vERA] eE ko m(f10= 810), AT
% folek Aol 7h vErA ek ok th(t 0= .000).
SEH BAT Aol A= feof gk Zhel7b UERG o (Fyy= 13.232, p<
0D, A EE F93F Zol7F YepbA] 2o (Fia= 059), AR}
S = fo) ek Fu A8 FE Rt UERA ek th(F = 059).

v A% SHER (TS HAAg Ay, el 198 Aol 7t
ER o (= -3.566, p< .01), &% Follm= o3t o7t Vel thia=
-3.291, p< .01).

>
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Table 21. Result of repeated measure ANOVA of Cortisol

Source DF 5SS MS F-value
Group(A) 1 287.170 287.170 13.232"
Error 24 520.859 21.702
Time(B) 1 173 173 059
A x B 1 173 173 039
Error 24 70.984 2.958

skl p< 01

3. JARBAE AADJANA
1) BDNF

BDNF¢] H®3}i= <Table 22>, <Figure 9>} Zv} HA%E 572 &
5 A 14014.99+6569.14pg/mLel A S5 ¥ 15903.69+5728.08pg/mL %=
1888.70ng/ml Z7F3t A aL, FAT2 AR FHARo Al 19171.69+6428.98pg/mL

o A AR HAFel A 17849.82+5608.09pg/mL = 1321.87pg/mL #2433t}

Table 22. Change of BDNF (pg/mL)
time
Group t-value
pre post
TG 14014.99+6569.14 15903.69+5728.08 -2.585"
CG 19171.69+6428 .98 17849.82+5608.09 1.964
t—value -2.023 875

Values=Mean+SD

TG: Taekwondo group, CG: control group
*p< .0b

BDNF9] Hit xfo] AZFe A vbEFAo gk ojdwzie Ay
= <Table 23>3} #rt}.

BDNF& 7 e 2% 2-Fo 3 9eER aZe 4AF A%
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Had%s &l 723 Zol7h yebak 0w (4,2=-2.585, p< .05), A
A= o3 Aozt vrebbAl 2 kvh(ti= 1.964).
ANAEZ Fojet zo)7b JERUA] @k oW (Fia= 149), AR ezt
o7 YERGTHF = 10.446, p< .01).
A% SHIE (458 AN A¥, S5He= 9% Zolvt v
(o= -2.023), &5 Fol= FY3 Ho|7F YEbA] &4k
= .875).

Table 23. Result of repeated measure ANOVA of BDNF

Source DF SS MS F-value
Group(A) 1 163962754.079 163962754.079 2.304
Error 24 1707997390.760 71166557.948
Time(B) 1 1044223.579 1044223.579 326
A xB 1 33500199.843 33500199.843 10.446™
Error 24 76966641.729 3206943.405

skl p< 01
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BDNF
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14,000 A
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16

cG
Figure 9. Change of BDNF in pre and post for 12 weeks program
*1 p< .05

2) IGF-1
IGF-19] ®W3}= <Table 24>, <Figure 10>3 Ztu}l gdE 52

X

[e)

o
o

A 184.38+.36.50ng/mLel Al -5 $ 201.62+46.28ng/mL= 17.24ng/mL

FT7FskdaL, A AR ARl A 190.75£50.89ng/mLol A1 AR A ALl
A 189.59+39.54ng/mLE 1.15ng/mL #+43+ )t
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Table 24. Change of IGF-1 (ng/mL)
time
Group t-value
pre post
TG 184.38+.36.50 201.62+46.28 -1.650
CG 190.75£50.89 189.59+39.54 A17
t-value -.367 712
Values=Mean+SD
TG: Taekwondo group, CG: control group
220 A
180 -
IGF-1 ®Mpre
(ng/mL)
post
140 -
100 T

TG CG

Figure 10. Change of IGF-1 in pre and post for 12 weeks program

IGF-1¢] H4t o] AFE 93 vESHo] o3

= <Table 25>} 7t}

IGF-1€ 74 g9d 2% A-Fo 0e du ¢

N

w49 A

A

o

43t

SEERE

BAE 5ol o Ae]7k YERuA] 9k W (f12= -1.650), F AT
AME ol gk Apol7f vEbuRA] kTt 0= 117).

AR ok Apolk v @t o (= 1.251),
ell= 7o e FE2E 7 HEbA] SR 1.636).

v A5 SHE
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BhLbA] @tom (= —367), 2§ ol o3k Aol7f yEhbx| &t

(tiw= 712).

Table 25. Result of repeated measure ANOVA of IGF-1

Source DF SS MS F-value
Group(A) 1 103.889 103.889 033
Error 24 75400.530 3141.689

Time(B) 1 840.823 840.823 1.251
A xB 1 1099.400 1099.400 1.636
Error 24 16125.292 671.887
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