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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.
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Serum osteocalcin concentrations are
significantly decreased after exercise in control
and obese group.

Changes of serum ICTP concentration before
and after exercise in control and obese group.

Serum leptin concentrations are significantly
increased in obese group than controls before
exercise, but their differences between control

and obese group are abolished after exercise.

Serum adiponectin  concentrations are not
different between both groups before and after

exercise program.

Changes of leptin/adiponectin ratio before and
after exercise in control and obese group.
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ABSTRACT

Effect of Exercise on Bone Metabolism in Obese
Young Adults: Correlations to Anthropometric

Parameters, Metabolic Bio—markers, and Adipokines

Jang Gook-Chan
Advisor: Prof. Moon Kyung—Rye M.D., Ph.D.
Department of Medicine

Graduate School of Chosun University

Purpose : Although weight loss and exercise ameliorates metabolic
complications in obese adults, the influence of exerciseon bone
metabolism and mass is not clear. The aim of this study was to
investigate the effect of exercise induced weight loss on bone
metabolism and mass with various metabolic components in obese
young adults.

Methods : A total of 25 young adults (13 obese and 12 non-obese)
were recruited in the public health center of Chosun University from
January 1st to June 30th 2009. 8-weeks exercise training program
(60-90min/day, 3days/week) was performed in all participants. We
measured body compositions, serum lipid profiles, glucose, insulin,
leptin, adiponectin, and bone markers (osteocalcin and c-terminal
telopeptide of type | collagen; ICTP) before and after exercise. Bone
mineral content (BMC) and bone mineral density (BMD) of the lumbar
spine, total hip, and proximal femur were measured before and after

exercise.



Results : 1) Body weight (BW), BMI, body fat percentage, and visceral
fat percentage were significantly decreased in control and obese group
after exercise (/<0.05). 2) In metabolic biomarkers, serum insulin,
HOMA-IR, AST, and ALT levels were decreased in obese group than
control group after exercise (P<0.05). 3) Before exercise, BMC and
BMD on total hip and trochanter were significantly increased in obese
group than control group (P<0.05). And BMD on trochanter was
significantly increased in obese group than control group after exercise
(P<0.05). BMC on trochanter was significantly increased in obese group
after exercise than before (P<0.05). BMC and BMD of most areas in
both group tended to increase after exercise except lumbar spine. 4)
Serum osteocalcin concentrations were significantly decreased in control
and obese group after exercise (P<0.05). 5) Serum ICTP and leptin
concentrations were significantly increased in obese than control group
before exercise (P<0.05), but their differences were not significant after
exercise. 6) Serum leptin concentrations were significantly decreased
after exercise in obese group after exercise (/<0.05). 7)
Leptin/adiponectin ratio was significantly increased in obese than control
group, and decreased in obese and control group after exercise. 8) In
control group, changes of BW negatively correlated with changes of
BMC(r=-0.929, and r=-0.905) and BMD(r=-0.929, r=-0.881) on total
hip, and intertrochanter(P<0.05). Also changes of insulin negatively
correlated with  BMC on intertrochanter(r=-0.786, £<0.05). In obese
group, changes of adiponectin positively correlated with BMC on
femoral neck(r=0.629, P=0.028). And changes of HDL correlated with
BMC on femoral neck (r=0.629) and trochanter(r=0.608)(~<0.05).



Conclusion : BMC and BMD on some area in obese group compared to
control group were increased before and after exercise. BMC and BMD
on most areas in both groups tend to increase after exercise except
lumbar spine. Weight loss with exercise and changes of insulin related
to changes of BMC and/or BMD in control group. Changes of
adiponectin and HOL correlated with changes of BMC in obese group.
We need to further evaluation whether changes of leptin and bone

markers after exercise may influence to bone mass in obese group.

Key Words : bone metabolism, exercise, obese young adults
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10A12F Ol B35 = MEIH &Y, S2AAHE, SHXI(triglyceride),

Pul
ng
n
|
A
o
Jg
1
&
>
o
m

(low density lipoprotein cholesterol, LDL
cholesterol), Y& XA  SelAHE(high density lipoprotein
cholesterol, HDL cholesterol)2 s&& XS E4J|(Auto—analyzer Hitachi
7150, Hitachi Ltd., Tokyo, Japan)E 0|&3dt0d =HFoIRULCL =2 s&=

BFAFE S A AR (radioimmunoassay kit)S 01206t =& ot L

3. €& leptine s =&

10AI2E Ol&t B= = EDTADL SRE AIEZ0 EH2 MFGIH &H2
228 £ 70T YWs 22HoIRULCH. AE 2 Radioimmunoassay kit(LINCO

Research Inc., Missouri, USA)E 0I835tH LS 2 &A= SZSIRULL
a. M 1<

(1) 2324(0.025M EDTA, 0.008% Sodium Azide, 1% RIA Grade BSA, 1
2l 0.05% Triton X-1002 &%R& 0.05M Phosphosaline, pH 7.4)2
Nonspecific binding SE2(#3,4)0 300 yLE, Reference FE(#5,6)01 200
ULE, S8 (#7-22)2% S8 (#23-26), 1l EB(#27 0l4)0H 100 yLs I
s 0/=35tH ERUALt

ol 0.5, 1, 2, 5, 10, 20, 50, 100 ng/mLY =&2 HHME
HZE EYs FE#H7-22)01, Deln FHME M
Izt HEIQ| ERE =X SMUHs FE(#23-26)0 100 pL EACH

2 ULt

(4) =2 A P12 26 0121 HEl 100 Yl 2 EB0 =IIotRALC

S
>
g
o
oY
>
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o
im
|T
”
N
\,
o
_O'ﬂ
=
o
(@]
=
=

=
0

(5) oIzt #el & 100 plES Total Count §E(#1,2)2 Nonspecific
binding §E(#3,4)2 N2t 2 EE0 &IlotS L
==

(6) coverS M1 JIEIL MALEE JHEH S5 MM &S0 4THA 24
A



b. M 2¢
(1) 4C=2 228 HMH(Goat anti-Rabbit IgG Serum, 3% PEG, 0.05%
Triton X-1002 &%R8& 0.05M Phosphosaline, 0.025M EDTA, 0.08%
Sodium Azide) 0.1 mLE Total Count FE(#1,2)2t H2dtD L= FE0
& Jtot ALt

(2) coverg M2 JIEIL MHIUESE JtEHN S5 HA

& =0t B2GHRUL

ron

=1 4TO0A 20

(3) 2= [TEE 4T0HAM 202 s 24 =ZelotRUh
(4) &d 22l = 2 FE W 4SS MIAGHD Z0PI2H0AM 12 S¢t

.

Hetotod ArssteE! OIoIE &3 WES HAM ng/mL SIZ2 E S AN

=P
(=)

= EDTAJF &Rl AlEg20 €9 | 5HO4
2olst & -70TCH YHEs E2oIUCH. A E 2 Radioimmunoassay kit (LINCO
Research Inc., Missouri, USA)E 0I&05t LISt 22 &M= =ZoIUCH
a. Ml 12
(1) 2352(0.008% Sodium Azide, 0.1% RIA Grade BSAE & =& 10mM
Phosp—- hosaline, pH 7.6) 50 mLE &5 450 mL0Ol 40 1082 3|A ot
ALt
(2) 1082 3sI&E 2=M=2 Nonspecific binding §E2(#3,4)01 300 wL,
Reference SE(#5,6)0 200 pl, FSE#7-22)2 FE(#23-26), el A
H SE#27 0IaHMl 100 pLE TS 0I8otHd EAUACH.

(3) &2 HXE 2t OfCIZUEl HiolZol 1 mLe EF+5 40 200

o
i
ol
fuge
o

H



A2 08, 00 S 05mLE & Bl |20 €10 & 41, 1 & 0.5 mL
E M BN F20 €0 A28AM HAHH2Z SIHAI= YES Soll 0.78,

1.56, 3.125, 6.25, 12.5, 25, 50, 100 ng/mLel s&£2 H&E A= FHIGt
ALt

(4) SZ AXE QA2 OICIEUE BIOILH | mLol ZR4E 40| HE 8
S DISQUCH

(5) 0.78, 1.56, 3.125, 6.25, 12.5, 25, 50, 100 ng/mLS =s&=2 HHME ¢
7-22)01 100 pL& ERACH FAH
£ K8 X 8UE FE(#23-26)0 100 L

A EgATH

(6) eI2tel E& LHOIAM OtCIZHNEZ wg/mL == £ Z=MotXg 2 A8
JIEQ HEHel= 1-200 ng/mLOIEZ 22te] HHMSE 10 LY =3 H 4990
ULOIl SIS A4 1:500 HIE2 S4AsS HSALH sl ZH 100 g =

S(#27 ola)ol AT

(7) ERXZ A P12 2=5H 012+ OICIZHE 100 Yl 2E E20 &II6)

@
o
v
o
a
e
i
rm
il
S
(@)
=

LE Total Count §E(#1,2)2t Nonspecific
binding §E(#3,4)2 M2t 2= SE0 &IISC
(9) coverE M2 JIZIt HIHEEE I EE HM EED 4TOHAM 24

b. M 2&

(1) 30% ==2 E7 & 10 pyLE Total Count FE(#1,2)8 HMldtn 2
= FE0l EOtotRULt.

(2) 4C2 22& HMHU(Goat anti-Rabbit IgG Serum, 3% PEG, 0.05%
Triton X-1002 &%R& 0.05M Phosphosaline, 0.025M EDTA, 0.08%
Sodium Azide) 1.0 mLE Total Count §E(#1,2)2F Helot) LE FE0
EOtot AL



(3) coverE M1 JIEIL HHIES JHEH S5 MM &1, 4TOA
A

2= 52 W &3NS Hoictl, 0028 0HAM 12

O

OF 2 AGH0] RHSEHE CIOIE ¥ DS HAM HI Lf OICIZUE 22

=2 Alg20 E9s MFotH EFEs

= o

Ol

=
228t & -70CH d=s EBZoIUCH AES2 Radioimmunoassay kit
(BRAHMS, Germany)E 0I5t LSl 28 &AMZ2 SEGHALL
(1) polyclonal anti-h-Osteocalcin0l XMe2lgl SE20| Standard(O, A~E),
Control I & H&XH HME 282 HIISHC.

(2) EJI8t §E20l Standard(O, A~E), Control I,II ¥ HAX AMS 22

50 ul®l EHJIstCh.
(8) 2= ESZ( '*°|-labelled Ostecalcin tracer2 250 ul*! = J}5tC}
(4) E8 & 4 ~ 8COHAM 20 ~ 24A12t SO S25HC}

(5) EEOo Haes 2™ S2UdL D, washing buffer 2 mLZ §E2E Bt=

]

3

(ol

z

(6) FE22 HE=2 2d EYUdiD 2Z0III2HUNAM 12 S HAGHH Xt

S3E HIoIe & WHAES HH-H E& W Osteocalcin g2 H&HGHILC.

0

6. & C-terminal telopeptide of type | collagen (ICTP) =& =&

10AI12t Olat 2= = EDTAJL &=E Alg20 gHs M



2lgt & -70COH YWs S&oIFL. AEES2 Radioimmunoassay kit

(BRAHMS, Germany)E 0|25t Sl 22 =NZ2 SH5ILCL

(1) 22 Al BH= &8 AIE 302 & A=20 HUHsUACH
, 5.0, 10, 25 and 50 ug/L),

|E &tCt.

S
>
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>
[92)
O
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O
=
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A
=
10
S
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] (@3]

controls, X ZH & total EE0H H&s H
(38) 22to] EHYN 100 puL¥ EZE A2, control & 8HA AAES L=C1
(4) 2E S50 '%| labelled ICTP tracerE 200 ul® <=C.

(5) non specific bindingdt total §EE HAs Z2E SE0 ICTP

rn

antiserums= 200 pylL& 2 =C4.

(6) non specific binding 20 &5 200 yL €=Ch

(7) RE FEE vortexE 018d & 4A0I=S & = HictEl 2522 LSt
O 37 °COll 2AI2+ S0t 2 XISHCY.
(8) total E2E Mt RE &

= REEA FIEH 2 A0S 8t
(9) EEE vortex mixer2 & A2 £ A20A 3022 YXISHCH

(10) total SEE HAS ZE SEE 4~20 °CHIA 2000 x g (minimum)&

(12) ZOBI2E0AM 12 St HAMGHH AsSsteE Oole &8 UdsS HA
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(bone mineral content, BMC) ¥ =22 % (bone mineral density, BMD)E 015
AKX X-& ZE=8(Dual-energy X-ray absorptiometry, DEXA)E 0I&&t
QDR-4500 X-Ray Bone Densitometer(Hologic, Boston, USA)Z =&35tALCE.
Software version 9.0301 AtEEZIUCt. S & Al scan speed= 4 mm/secZ ot A

1, step distance= 5 mmZ ot 20, 322t =X G}ISL.

= HE0I0, XY 329 BIEE 250 HOCIEE ol YUY 2SI
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A HXES 25 &8 = AAASXS dlW

2= ® HME(ME2 67.87+0.84kg vs HIBHZ 89.13+1.16kg, P=0.0002),
HEZXS(HEZ  24.31£0.14kg/m”  vs HIBHZ  30.31+0.22kg/m®, P
€0.00001), MXZS(HEZ 26.35£0.38% vs HISHZ 32.4240.30%,
P=0.0008), =2XYS(HE2 0.84%0.00% vs HIZZ 0.90+0.00%,
P=0.0009)2t Sl2l/EE HI(WEZ 0.85+0.00% vs HIZH2 0.91+0.00%,
P=0.0067)= CHEZOl HIoH HISH20AM S2ABHH =QUCH

S 5 HE(WED 66.58+0.82kg vs HICHE 86.41+1.16kg, P=0.0004),
HEZXS(HEZ  28.86+0.15kg/m” vs HIBHZ  29.36+0.22kg/m®, P
€0.00001), MXZS(HEZ 25.374£0.34% vs HISHZ 31.18+0.29%,
P=0.0006), =2XYS(HE2 0.83+£0.00% vs HIZZ 0.89+0.00%,
P=0.0016)2t Sl2l/E% HI(WEZ 0.84+0.00% vs HIZH2 0.90+0.00%,
P=0.0042)% CHEZO0l HIGH HIZH2HM S2AGHH = UL

M0
o

HAXIES 25 = MAMASXS Beh 25 = MY MEZ X0t
(HEZ[67.87+£0.84 kg vs 66.58+0.82 kg (P=0.012), and 24.31+0.14
kg/m? vs 23.86+0.15 kg/m” (P=0.012)]11+ HIP+Z[89.13%£1.16 kg Vs
86.41+1.16 kg (P=0.003), 30.31£0.22 kg/m® vs 29.36+0.22 kg/m°
(P=0.003)] 20N S23HH SOIECHL =20 HIZHZOA HMXSE
[32.42+0.30% vs 31.184£0.29% (P=0.014)]1 =2 XIZHE[0.90+0.00% vs

0.89+0.00% (P=0.03)]01 R2IGtH O CHTable 1).
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B. X2 HIZ2S 25 &% HANESY HID



s &8

(s

P

Z20 HISHZUHAM 21&21(4.97£2.98 pU/mL vs 7.44+3.47
uu/mL,  P=0.025), HOMA-IR(1.08+£0.48 vs 1.67£0.8, P=0.022),
AST(23.67+£5.93 IU/L vs 29.08+8.99 IU/L, P=0.047), ALT(18.36+9.57
IU/L vs 34.25+18.21 [U/L, P=0.009)2t SMASIXI=(2.07£0.06 vs
2.96%0.06, P=0.003)7t =2IotH =ACt. HOL s&= UEF(55.92+9.71
mg/dL)0l HISH HIeH=(47.67£9.92 mg/dL)0IA =2laHAH = UCHP=0.026).

M0

28 FUZ HI20M AST(20.67+5.25 1U/L vs 25.67+7.36 IU/L,
P=0.034), TG(62.25+30.70 mg /dL vs 126.77+£62.61 mg/dL, P=0.002)
2 SUHSX=(2.04£0.07 vs 2.90+0.05, £=0.004)0t CHEZ0l HidH =<
SHA =%, HOL s&= WEZ(58.17£8.75 mg/dL)0Il  HIGH HIgt=
SIS = UACHP=0.023).

o
(@]
(@]
(@]
+
(@]
~
3

Q

~
o
C
=
x

HaNEL 25 8% WAL XIES2 HEh: dHIgZ0A 25 d0F "ot
o 28 = 2582(7.44+3.47 pU/mL vs 4.49+4.06 pU/mL, P=0.03),
HOMA-IR(1.67+0.8 vs 1.01+0.89, P=0.03), AST(29.08+8.99 IU/L vs
25.67+7.36 IU/L, P=0.02)1t ALT(34.25+18.21 IU/L vs 29.67+19.42 IU/L,
P=0.03)Jt R2GIH 2ATHACHTable 2).
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&8
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un
10
Mo
o
ol
o

S8R =29 Hlu

M, £3l total hiplt trochanter® Z=&=2H(33.7£20.68 g vs 40.58+0.90
g, P=0.048, and 7.82+0.17 g vs 9.76+0.25 g, P=0.043)1 =2%
(0.96+0.01 g/cm® vs 1.06+0.01 g/cm®, P=0.028, and 0.71+0.01 g/cm’
vs 0.81£0.01 g/cm?, P=0.01)2F HEZ0Il HISH SABIH =UACH.
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HOLt, trochantere =2<
0.01 g/cm? vs 0.82+0.01 g/cm?, P=0.025) 2 2l0il

=olst Xt0l= SiIRULCH

S
\,
N
-+
rir
n
HJ
>
=
=

D. 2= JdF UWAXE2 Z2XXNX, leptin, adiponection, ¢

leptin/adiponectin ratio® H|1

1. 83 osteocalcin s 9 B3}

: 28 ™ & osteocalcin s&£= X220 HioH HI2HZ20A =U2Lt
SHR K42 AqULH6.84£0.2 ng/mL vs 7.0£0.14 ng/mL). EH
osteocalcin === HXF(6.8+£0.2 ng/mL vs 4.3+0.11 ng/mL, P=0.002)
HI2t=2(7.0+£0.14 mg/mL vs 3.8+0.11 ng/mL, P <0.0001) 2F0HAM 2

s dEL 28 =0l |2ASH ZUACHFIg. 1).

N

g3 ICTP sk9 #st

25 8 €% ICTP skt= WX=Z0l Bloi BIEZ0A  S2AoH =RgACH

(4.1£0.12 pU/mL vs 5.5+0.13 pU/mL, P=0.02). 2= =0l E& ICTP =

C= HIBZ20M HEZ0 Hloh =AU & & AH012l |28 XH0l= 8
CH4.4£0.18 pU/mL vs 5.6£0.16 pU/mL). & & 250N 2= A HI



D23 M EZ0l Hioh HISZ0AM & leptin s&= |2AGHI =UACH
(6.15£0.32 ng/mL vs 13.16+£0.63 ng/mL, P=0.006). 25 = E& leptin
COF BI2F2(7.8+£0.51 ng/mL)AIA THEZ(6.2+£0.47 ng/mL)ECH =/}
LI |28 Xtol= QiU HIZZUAM E&F leptin s&IJt 28 dEL 2=
S0l ROSHAH MOEEACHT13.16+£0.63 ng/mL  vs 7.840.51 ng/mL,
P=0.018)(Fig. 3).

O

4. €& adiponectin s 2o B3}

fol

P 2s 8 WXEZQ #F adiponectin s&EJF HISZ2EO =g UL, & &2
22|58 X0l= AJACHT7.26+£0.36 pyg/mL vs 6.50+0.26 pg/mL). &
& 83F adiponectin sE= WEXZWA HZEO =U2LE K&
 —
=

A0l= AUCHB.09+0.36 pg/mL vs 6.81+£0.26 pg/mL). & & =2

5. leptin/adiponectin HI2 H3}

& & leptin/adiponectin  Hl=  HI2tZ2(2.
(0.98+0.06)01 HIGH =F2AGHAH =UACHAP=0.004). S F leptin/adiponectin
Hle BI2H2(1.19+£0.07)HA CHEF(0.79+0.05)01 HIoH =A2Lt 22 Xt
ol SARACE. leptin/adiponectin Hl= HA=(0.98+0.06 vs 0.7940.05,
P=0.028)1+ HICH=(2.244+0.06 vs 1.19+0.07, P=0.034) 250N 25 &E
Ct 23 = |20 MotE A}ACHFIg. 5).
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HEZUHAN 28 ®, & MZE Ha= total hip(r=-0.929, P=0.001)1t
intertrochanter(r=—-0.905, P=0.002)2 =&R 2 B3 Rlst S &z
A0l J/ULD, total hip(r=-0.929, P=0.001) Z intertrochanter(r=-0.881,
P=0.004) o BLTol H3I Rolst 5o A2AH0| JARULCH =25 &, & 2l
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adiponectin(r=0.629, P=0.028) £ HDL ©13H(r=0.629, P=0.028)2 S°|&t

UALCE. trochanterll =& R &2 H3l= HDLL H3I2t 22



Kl

V. 1

0H

o-

83
H
ol
00

by

n

i

0
0

o

stolLt

Al

UHE delsS0A A0

ol A

Sl

o1& 2l

ok

3

HE

=
=N

= Z50A A

|2t

a]

f

CHEZ 1

'.

A
(=}

RO
lop

A
K

OH

=z dAsS2

b

K]

Ot

ot |

H Z20tA2H, BI2Z0A M2 & =2 NS0 72

)

el=¢l, HOMA-IR, AST &

7T =<
=+ =

CH AR

o T

Ho

CHAL JH & Ofl

SO0l

o &=
—_ O

JFO
=]

b

=
e

ZA0tH, 8

i

1ol

=9 74

WSS

cc st

23).

CH(22,

J
1ol
n)
K
ol
P

<
A

JU
<

nO

ioll
=
i
i
)
Bl

ol
H
all
MU

Ju
o1

ot

I
H

HIE Ol

=
[

ol

B0
10D

UHALE &

ot

Ui

&l

=
[—

CH(24-26).

o
A

!

KK

ol
00
30

oJ
Rr
&0
o

tHAHOl =

e )
=

oD
Bl

rH

-

ol

Kl

)
Ud

)
Gl

o3
<+
ioll

o

b ZCHARS

=13
=}

ol

w0
ok
oD
A

X&geol

Jdedut



(29, 30), B2 ==

~

o1t 9

U

A0l UC

5l2l/E2 HIoF 2D 29

X0l

—

[—

O XFHOil A

&

5!
]

DH24) 2t SHOIIXIOIAM HIRH HEOl et

=l

=2

2

K0

J

Rl

o3
3+

ol

b

]

CHARS| XtOIDF LEE

Sol et X

1D
10

)

ok

Rl
Al

OF

R0

0
0

@»_E

no

Kto

iR

rJ
E
=]
180
=

ny

0
Rr

<0
ol

M XtOIA OFE

oro
[B= gy w—

=20 X0

UACH35, 36).

Z 0t

o1

!
l

J
KIo

Rl
Rl

KO
o

)
Rl

]
A

iy
70

20

o
iy

i)
Kt

i)

2H & X 8F,

Hs2 A0t

ol

0l

Ol
—

Ol==2

—
[—

2oL

(e}
DO:‘T

—
[—

s}
0

Jb =0, Ol TH

Ju

)

Alolol

38).

IO CH(10,

~

XIJt

=
[

ok

Kir
-

ol
ulo

{0

mil

J
™4

ol
i00

Rl

=
=)

dl

X

F

et

S

AOIZZE 2

0
—

st = CHALOI

ol

SO0l

=
=]

O

33

812t 0l A

0=

f



w0
Ok
00
Bl

1

e}

Rl

-
1o

CHZ= =20l

0H

_J
KIO
ok
Ho
0H

o]

=] B}

=
Kl

Ho
0H

0l
By
J
ic

D SUHAE Hd

[e]3
L

cHGHAl

X
o
<

ol
H

Bl
ok

a

0
ok
00
Bl

U

nO

CHAFOHI

=
=

BI2HRI 0l A

=2t

oD

(osteoclast)0fl 2|8t =9

= M=Z

F

I

0l
X0
B0

Hu

o3
3

@

ol

0l
Rl
RD

~J

BsS0XE2Z,

Y

LoE

&0

9]

H

A
(=}

&l

t

[y

S

9]

(osteoblast) 0l

1L
o

=O0kAl

o
gl

o]
Rl
KD
nJ

o

40

o
RO
KIr

X =E2

CH AL

Bl

Ot

o] 3
=

ol A

NI

el
=

}

=

0D

M

o)
RO
KIr

ol

C-terminal

collagen

1

X EZ hydroxyproline, pyridinoline,
type

=
=
CC =
T

el

i
=

T,

=
S

Bone specific alkaline phosphatase(B-ALP), osteocalcin, 1§
N-telopeptide

EIS S0l 0l

—

o—
|
=

2

IT
frand

Xl
ch2l

=2
=

2

deoxypyridinoline,

A
IS
I

Rl

telopeptide(ICTP)

I
i

180

43).
hip2l

—

[—

osteocalcint
Jt

ACHES,

=

[==)

ey

9]

¢ TS0
S XEC

)
=2 o

JOIU2M, =HA

=

[==)

C—terminal telopeptideJ}

Villareal S& HIZQIUIA 1 2t2] 2& X2

&

— o &=
— [RESYS—)

A =20l A

ISP

Gt CH(44).

21

ni

F

C

el

-
o 2

<

n0
W
Bl

i

osteocalcins &&=

JNEERel

dq
o

<

JHEOF,

=

P &

[¢]

o Rl

0

a]

CHZEZ2 O

—

[a—

ICTP

o
i)

A=

A
e

A0l

53
o3

<k
ioll

K-
Ok

oI
o

J
KIo

U
all
AU

ok
a0
OF

00
Au

oJ
E

X0
0
Al

ok

LHo
OH

1o
El

—_

=
il

LHo
OH



H

[—
=
[==}

osteocalcin

=

=

[m]

trochanter 2

of

0

Bl

CH =2 Ol

Bl 2t Ol A

b Ol 0l

1o
B

ol
Ul

=AH X2

e O

=<
o

A

0
ol

Ok
ok

Ho
O

trochanter 2 & R 0|

o0

JJ
=

ol
i00
30

A
all
Bl

oK
w0
ok
o0
A

0l

Ul

oJ

)

o0 =Z

oroO O

L

DN

i =&0l

0

o 2
HIZ0l 27-38% & Z=5{00

=
=)

—

[—

P

9]

tXl

Al J1HA ot
X

—/

A

o 28t =

=
=)

L, MSUAM X0l

2 H
=)

=
.
AN

o

= SLCH?27).

23

-

0
[ui}

JIHA Gts2=2

=30 CHE

sresol

X

i
=
Klo
ol

n0
Al

—

—
=

(=]

2Hl &
IAEZ2U, leptin

—

&2 B MZOIA

x|
3

&l

5229
Ol A

i1
o

P

=

e

i

1ot XIe Al

E|
[y

ERVEL
EES
0fl A

[¢

IT
o

[¢]
OlLE dlRIA

o <

gl
N

JIAHA
o

o

[—

—

CHAtE
adiponectin
Leptin

el
=

~

H
iy
ol
A

J)

.

=0

2 AMEEL lepting

ol
A

o

CHAHOH]

=
=

AN, leptinOl

—

[—
=<

al

A =20l A
el =3t

x|

=
A2

T o

leptin

(osteoblast) LY

il
p

Al

=20
= L

=

leptin S0 Al
=&

leptin

b

2
[=]

ob/ob micedl
leptin0l 12

S HIAl



ol 5

&0

BN

gd

A2

KA

K
all

b

leptin<

gtOolCt.

H

K= Ot

ilof
20

oJ
Rr
oD

I

oF

|
10!

il
o
Ho
O

R

& HIEHI0l A

HAANNE 225

=
[—

Io-

il

O

st

leptin

o

a

CH &2 0O

oJ

5
70
10
Bl
1

leptin

i
0V
sl

o

29 &

JF
(=]

osteocalcin

53
53

ol
X0
Rl
<0

ol

CHAL 2t

)
<
oJ
ol

%0

ct

Adiponectin2

HlE =

ZOAM =

N

leptin™ &

10
ol
oll
3r

)
Ko
70

00
=

S50t

(2t adiponectin

Z A0l

A20(16), M=

ZAE

adiponectinO|

AL, adiponectin s}

=

o0

ol

220 et adiponetin

7o)

s5E0t

adiponectin

adiponectins =0l

AL0A=

=
—

ol
00
70

il

~
Klo

il

Bl 2H0ll A

A0,

CHAFOII UL M Adiponectin

purm )
=

ULH.

ol A

SH
(=)

AHMAIZI L,

[}
AN E=

NI 2|

=
=

t

2 I

adiponectin

o)
ol

adiponectin2l



b

n 1 —2e)
ZHEg=s ¢

FJF femoral neck<

CH ALOHI

=)

=
=

il

c O
I =

[—

=
[==}

| adiponectinO|

AN

2 &= adiponectin
[e]

A

HI2F20f
leptin/adiponectin Hl

AN =

oIXtZ M HOMA-IR 2CH

KIr

o =
—_ o

I U2,

=

(=)

HAI

[¢]

off =2

0

El
9| leptin/adiponectin HIJF CHE=Z20 HI
= D250 A leptin/adiponectin H|J}

iy

O

=
e

t

—

leptin/adiponectin  H|J}
m]

Hi

53

I

0l
0

)
3

ol
oll

JrEl glgolu 28 g4

=
=)

. =g MEdol

0l
KI0
Lill

KOl A

£l

(==

Jtotd

=
=)

oD

gH O
= =

=

oD

2
=2

ds2&=

Z2HOll A 2

~

Ak

b

240l

o= A2

1ol

ALt

LEHEHCEH

!

KJ

ol
X0
£l
<0
ar

ot

H
Rl

HOMA-IROI

el=elit

Xz ol et

JHAIZ HIEte

AA0A BIEZS

=
[—

NP

Al
Ecl

2 E 0l A
HOMA-IR

3|

X
(=]

’

=gl
CHARDL

bl 2t

purm )
=2

O
iy

ol
sl

Ol

)
ul

oJ

ok

Kl

Ot

ol
RK

ol
X0
Rl
<0
ol
)
ul

oJ

oI

7o)

femoral neck2l

i

s

CH ALOHI

=
=

KIZ CH ALt

=22 S2AIL

o
e

o

R0

]

o)
ZI



CH(67, 68). B

< G

CHAHOI estrogenOl

e . R A A = ) W = i o gl =
0 = ~ = o i = = S L0
SIS T T = S w g Y2 H e o
Ho< g = Y o Aot
Ho_ = o oq_ﬁ gy — K W ®omo T o
w s g E a8 8o 5K Ws w2 58 X
X0 03 /R r T = ©° - = 2 ) K %0
Al o B w5 W X 2z © moo RS
2 B+ 25 oo M S S5 T w5 @
a7 MW m & = W W 8 _ o 5 8 5 o M
Fox I = I 2 3z T 0O S i © = m S WE m_r._ ok
W = w § = 5 T 5 o8 yp WA 5 O 20D
ol O mo . F ok A o i i el m._e W.\_ S ) B0 o
- T nowog By R '
W o= e & P W3 B x K oo = 9 om
= ] K4 % 0k 0K T <0 = &l ) i < _.HA_H - =
T [} + = = . - o) &) () = .Or__o _ 20 ] o_o
- ﬂ.ﬂ % o3 _H.,_ W __o_v or = _.._=._ < 03 Mu_l, M
e 0z -7 —
. ° H T = R = = = I o
o £ 0 o B om H - ©® 5 =z X RO
R S B L O TN
mw-S g W W = AR e g T ~
v — &z WX B 53 ol 3 e
3 U Moo omow o ow B W =z g
1l & = W W Uk mw i) R 16 N =
yo o2 m S s oo My R om T 5
N = = N bl mooa E
o8 W R O A m om s _om W oy Hoo O
W o o5 = m = mM 8l o = WT, 5 oW o E S
SR =~ o K - o = B _ 2
a o 0 w T g wm ¥ o2 s g X8
I - ~ =
w V2w A 358 5w h oW o5 o TS
= T D0 w K T o & g I o X of W OH B W
S ®m = M X % o M £ = M = M 5 3T B X

SItE Of

HAI

[¢]

C)Ol
TT —|

of

I 2 Ol
0

]

[ D1

S
CH=Z 0

6-8IH&
=]

=

=

}

—

[a—

2

Cl

—

[a—

T Eot
CHALSl H

=
=



Rl

ok

ok

a

0
ok
o0
Rl

ol

Hx=Z0iMde 230 T

=
=

0l

2L

M, HISIZ2 0 M= adiponectin & HDLSl B1§0}

Bl

ok

leptindt

Ul

(

Ho
d

0k

i00

110
o4
Ll



ok
iy
all
Rl
io)
)
Bl

<

nO

KK

—

=

ok
KJ

H0
OH

z

rH

oJ

ol
0

J

A2 XE
HAH XIES

Br

t 2t

A2

=

CHAF2E adipocytokine 2l

INES

ct
=< Oy

ol

= Xl

=

=

Al

Al

(=)
= &l

prn
=

un

]

-

Bl
<0

e}

Hlw

1228 20099 6E Xl

1 2009¢

[=3]
BMI 95

=

1l
od

(HO
OH

~nJ

KK
5
Kl

(HO
OH

33
19

o

-

<0

o

SFANLE,

HXSE,

=
S,

g, %

(&
EHOIA ZHE SN leptin, adiponectint

i
iy
Ho

KU

=gl

gg, 2

DA
S=o

ey

9]

Ok
ok

o3
JK

o

Ok
g

OH

0l

Al

5
Ok

lo-

H0
OH

| A

HI2F=0f

=
[a—

, HOMA-IR, AST, ALT

=g

ol
—

2)

(P<0.05).

oft

CHE=01

}

~
iy
all
Rl

=
0
Ok

o0
Bl

2= = trochanter? =YL TJF X200

FAl = ACHA0.05).
H HIZEZO0IA S2ASHAH = UkCHA<0.05).

o}

=2 BFOM, total hipdt trochanterll
=9

2 &
ol

0

of H

Uk
o

H0
OH

o

}

o

22 8t "W

Blo

1S}
ol

Ok

=}
ok

H0
OH

iy
KJ

H0
OH

osteocalcin® =2 Z 50

20

A2

M, HISFZ0lM trochanterl &R

iy
KJ

H0
OH

A

g3

IS CHPLO.05). 4)

H &

OOl
7T =

& HISZ0lA

. 5)
FA =10 (/&0.05),

23 ICTP= 2=

1(A0.05),

Lo}
= M

A

1)
ol

Ok

=}
ok

(H0
OH

| —

_=
o

[ ey
—_ O

leptin

o

?oE:Ii-I

[¢]

i =2l

(F<0.05).

0

HISFZO0IA CHEZ0 dI

leptin/adiponectin

6)

S RUCH

Al

1}
ol

Ok
iy
KJ

(H0
OH

1

=
ok



=}
ok

H0
OH

~
0%

HH

| 5t

(eNe]
TT —

oft

ratio= 2 d0l= BIZZ0A CHEZ0 Hi

gl
)

KJ

H0
OH

z
Uk
gl

rH
Uk

Ju

Ju
0}

I

D

K0

=

lo-

OH

0

A
<0

ol
olo

)

D

ol
H

Rl

o2t al
oTT o =<

— =
235
=

total hipZt intertrochanter2l

B3t 2t

DELo
=R

femoral neck2l

t=

&3

olzalg

ok
ol

H0
OH

E
53
o3

]

fulJ

HOl CCH

s
L+, adiponectin & HDLZ

il

[l

lo-

H0
OH

Ju

0o

=)

53

o
BA

o)

l= trochanter?

HOLSl H 3
Ct.

Rl

oll
Rl

ok

Y

w0
ok
o0
Bl

o1
il

ol

|
<

oJ
ok
<
nO

K0

=

w

(40
OH

JIJ
T

Mt
K1

Hu

B3Ot

HOLZS

0l Y2 M, HIHZW M= adiponectin &

2

CHARX

Hu

leptin2t

=
ju—

S0l T

OH
oF

ii00

)

OF ANZ

A
J
=

ol
ii00

CHALOI &

1o
od
]l

H



VI.

ke

Table 1. Anthropometric Measurements Before and After Exercise in

Non-obese and Obese Subjects

HEx2(n=12) | HI2+Z2(n=13) P value

2= A 67.87+10.11 | 89.13+15.05 | 0.00021
A= (ko)

s 5 66.58+9.08" | 86.41+12.42Y | 0.00041
MESERS =d 24.26+1.65 | 30.23+£2.67 | <0.00001
(kg/m® 2= = | 23.8641.768" | 28.35+2.26" | <0.00001

2= A 26.35+4.5 | 32.42+3.95 0.00078
HX S (%)

s & 25.37+4.07 | 31.18+3.91Y | 0.00057

2= A 0.84+0.05 0.90+0.00 0.00093
S22 (%)

2= & 0.83+0.05 0.89+0.007 0.00157

2= A 0.85+0.05 0.91+0.06 0.00671
5l2l/=8 Hi

2= = 0.84+0.05 0.90+0.05 0.00424

Values are expressed as Mean + SD. TP <0.05 compared between before

and exercise in each group.



Table 2. Changes of Metabolic Bio—markers after Exercise in

Non-obese and Obese Subjects

=z H|grz P value
SE M | 4.9742.08 | 7.4443.47 0.025
Insulin(uU/mL)
2= S | 4.3143.39 | 4.49+4.06" | 0.455
2= M | 87.92+6.57 | 90.31+2.81 0.121
Glucose(mg/dL)
2= S | 92.91+7.09 | 92.54+7.26 | 0.454
2= & | 1.08+0.48 1.67+0.80 0.022
HOMA-IR
2= = | 0.90+0.77 | 1.01+0.89" | 0.381
2= & | 23.67+593 | 29.0848.99 | 0.047
AST(IU/L)
2= 5 | 20.6745.25 | 25.67+7.36" | 0.034
2= ® | 18.36+9.57 | 34.25+18.21 | 0.009
ALT(IU/L)
2= = | 20.17+£11.60 | 29.67+19.42" | 0.080
2= M (175.17427.48|186.38+27.48| 0.159
Cholesterol(mg/dL)
=S 5 181.42431.76|190.85+22.04 0.197
(mg/dL) = = | 58.1748.75 | 50.00+10.14 | 0.023
LDL—cholesterol |25 & [104.08424.45 114.23+22.89  0.152
(mg/dL) 2= = [108.67+35.17/118.00+17.58| 0.202
_ _ 2= & | 86.00+46.94 | 134.46+87.59| 0.051
Triglyceride(mg/dL) —
2= 5 | 62.25430.70 | 126.77+62.61 | 0.002
2= ® | 1.80+0.52 | 2.46+0.56 0.004
Atherogenic Index -
2E 5 | 1.79+40.68 | 2.46+0.59 0.01

Values are expressed as MeanzxSD. TP <0.05 compared between before
and exercise in each group. Atherogenic Index; LDL-C/HDL-C ratio.

Abbreviations: HOMA-IR, homeostasis model assessment — insulin resistance



Table 3. Changes of Bone Mineral

Density before and After Exercise

Content and Bone Mineral

in Non—-obese and Obese

Subjects
hE=a gl o+t=2
) 2s ™ 33.7+20.68 | 40.58+0.90"
Total hip _
2 5 37.54+1.07 | 42.54+0.79
2 4.60+0.08 5.16+£0.09
Femoral neck —
23 = 4.66+0.12 5.32+0.08
2 7.82+0.17 9.76+0.25"
BMC(g) Trochanter - 1
2 = 8.16+0.21 10.12+0.26
zs ™ 21.31+£0.47 | 25.65+0.61
Intertrochanter —
23 = 25.83+0.97 | 27.11+£0.50
. 2s ™ 63.15+1.08 | 69.31+0.97
Lumbar spine —
23 = 61.54+1.27 | 69.69+0.91
) z2s N 0.96+0.01 1.06+0.01"
Total hip _
25 =7 1.00£0.02 1.07£0.01
2 ™ 0.88+0.01 0.94+0.01
Femoral neck —
25 =7 0.89+0.01 0.96+0.01
» 2 d 0.71£0.01 0.81+0.01"
BMD(g/cm®) |Trochanter — -
25 =2 0.72+0.01 0.82+0.01
2s ™ 1.13%0.01 1.23%0.01
Intertrochanter —
25 = 1.17£0.02 1.25+0.01
) 2= ™ 1.05+0.01 1.09+0.01
Lumbar spine —
25 F 1.03%£0.02 1.07£0.01

Values are expressed as MeanzxSD. TP <0.05 compared between before and

exercise in each group. Abbreviations: BMC, bone mineral content,; BMD, bone

mineral density
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Fig. 1. Serum osteocalcin concentrations are significantly decreased

after exercise in control and obese group. Each bar represents
mean+SEM. = P <0.05.
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Fig. 2. Changes of serum ICTP concentration before and after exercise
program in control and obese group. Each bar represents mean+SEM.

* P <0.05 compared with the concentrations of control group before

exercise.
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Fig. 3. Serum leptin concentrations are significantly increased in obese
group than controls before exercise(xP <0.05), but their differences

between control and obese group are abolished after exercise. TP <0.05
compared between before and exercise intra—obese group. Each bar

represents mean+=SEM.
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Fig. 4. Serum adiponectin concentrations are not different between both

groups before and after exercise program. Each bar represents
mean=+SEM.
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Fig. 5. Changes of leptin/adiponectin ratio before and after exercise
in non-obese and obese young adults. *P <0.05 compared between
control and obese group, T P <0.05 compared between before and
after exercise in both groups. Each bar represents mean+SEM.
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