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A AREAZ1F-(World Health Organization)‘ﬂ] u}
29, A AA ¢ 129 Ho] HAFe EEn
25%7F A2 vinte] &ap | wid 3%4 ZJJ—LE H]‘?}
&o| F7ketta Hasto] ARl A EA 9 Al o] 1z
1 JeH(WHO, 2009).

ZIALEAH O R of7] ¥ = H|T AElE Ao 7]
w}a} 2o A b Ay ety dRbA o
ad7lde e Aol apA W] Exsf 3
g Aol Fhgel| wheh ERAGH WA e
4 H]go] ZopAA HTK( Cartwright et al.,
2007). v HZde Aade] BFAe] st
€ Aoz ¥ 9lth Mindell et al. (2012)2 A
as 20"4 e AT A S EH(Wo)e F7he
o] AAAZAF(BMD) 9 7H& Kt lE7ﬂ VeSS
Chrzanowska et al. (2012)& 74 5343 H]“P
obse A eR 1547 FHATE AA A3 =

Nl‘[ro

RASY MR ol S 1547) HolE A luaE
o 1% Wit ohie} Jelo] HoIAE o R ooy
B%0] ¥01 waST EF, BRG] F4e o
NS, AJBE 287 S JHIBE Bl o} 2
sl BRAN £8E Felsof But.

A2 Ayt FUEY AL PAAH) A9PoE
A Aol R AL o

[¢)
JgFo] Aol F71¢F A wke]
2 9o wet g2A vepdtn AAE o
(Dimitri et al., 2012; Gilsanz et al., 2009;
Janicka et al., 2007; Viljakainen et al., 2011).
Dimitri et al.(2012)& oFg7]9] Bvke MAZFES &
ZHIAZIA R, A aadr]e] AR o] FE]Z (cortical)
FAE VA 2EAES ol 2E9 R FHA
e T Basilnt. 28y Aerlele ATt
2 Qg izl F7ket v ZwAE (bone turnover
rate) 2 Qlate], 4ol AA YA, =217]9f

HolEwA A w el FEZ v S7MA 243
ThEE o 93 vt Busiglth 59 A
a7 Mot F4%5ke 712 A AERAe A
A5 22 insulin-like growth factor-1(IGF-1),
2ERZA 5o AARE 328 B 59 4o uh
%3} AW 24 (excessive fat tissue) S A4HH 3
2E9 #H]E 938t (Roa et al., 2010), =49

i Bt

o] FUL olt]FAlo|EFIRIY FthAlA|E e BA 239

< =9tH(Clark et al., 2006). 23 & Aol
A2t HltolE2 Untopzol Hlg] Aol wEn
Shalitin & Phillip, 2003), =2&&H]9] 7= &
Aol a2 7}24 071 wizol A A 7 HaH
173 HE9A], & JAFo = Qo] Wl 7hefA| =

—~

o J

287} ol wg PeA S ek Fads] B9y
%43} gUne wAZ 2] 99 A7 Bed
Aot

AyzAe saEe Pk S99 YLy sHo.
2 el (leptin) T2 0]9] oft] ZdlE (adiponectin),
TNF-a(tumar necrosis factor alpha), IL-6

(Interukine 6), 183 A i‘ﬂ(1resistilr1)—‘:—3’qL e
olt] ¥Ato]| E7IC] (adipocytokine) = HH]3HH QA2
AZ AL FHodgt(Ahima & Flier, 2000, Zou, &
Shao, 2008; Kadowaki et al., 2006).

AWA| Z (adipocyte) & Z=A E (osteoblast) = multi
potential mesenchymal stem cellold ATA|HAE
(preadipocyte) & HAFZZA|E(preosteoblast) &8
st 3, AAIESE 23A 2 S HEoUY. 2y 3t
ZA|E (osteoclast) 9+ tl4A| Z (macrophage) & hemato
poetic stem celllA &8} =, APA|Eol|A FH] 5=
teFst ASAE(TNF-a, IL-1, IL-6, adiponectin,
leptin) = receptor activator of nuclear factor-kb
ligand (RANKL) S} osteoprotegerin(OPG) A=
(pathway) & A 24 A7 (osteoclastoge-
nesis) ol T3 Rosen & Bouxsein, 2006). 774
o 949 EF ddsEe OPGSE F443S o1,
TEAE] ARG S A3 AA 2T E
(Tenta et al., 2010), o}t xdel & = 5
(proliferation)¥ 3} (differentiation)dl] 2322
2 #oath (Luo et al, 2005). L3 & AgIM=
offf ¥xulel 2 AZHEE JAA7| L ZEAEE D4
g Al Bustdcth(Willams et al., 2009;
Oshima et al., 2005). 28]} Yang et al. (2009)
o AtelA BMIE E‘@%ko S W A ozt
8759 5 Ade AR RS} #Ho] gloa B
ko] A7) Fade] oft) ZAlo| EFIQIF FjAbe]
Al et A7 o & e Aol

= oAby gz o Ao AM Bdslel A
PRt 2348Y 255 e oF U= Atelrt 4

AR ARk o 2 opo] SthAL EAdo] FHard| =E o



=& 2% HA o] 2tkH(Dimitri et al., 2012).
Jadrlel uAlee] Ay A fe A 4
St AT FE&HA AHEE R gt Iy o
FuA&o] &gt Al7]= Tannerd A4 4% 2~3¢

1M 71 A vepd | dzls ozl BlE) 2 54
Szulc et al., 2000). A& wje}t =)
gz2A ey, Sd8E P 8 oA

=
.
Aol EEF ] ETH W2 TuAE FE B

Nis
)
v
=
ne
&

=2
=
oL
(2
-
rlr
=
]:l‘.lo\r
o
>
o
o
v

Mg ade] U, obf EA|EAY, B FUAM
£ WAE AR Qo

o] ATt A= A Fea 12~144
2, Dual X-ray Absorptiometry(Hologic, QDR~
4500W, USA)E 3743t AATE] 30% °3d
vl ad 1293 9k ad 12902 & 249o] F

3 obE-S B8 Bl gl
om AF7|HEe FAE A E A e UdAE 3
Ak AAd, gRE 9 gAREdA A3 543
WS SE0 Agstn, A F9E g5 F AT
£ A sttt AT IAEY AETA 5 Ao
£ 488 9lgke] TW3 ¥ (Tanner et al., 2001)

I 1. Anthropometry and skeletal maturity of subjects

Obese Normal

Chronological age (yrs) 13.9£0.9 145405
Bone age (yrs) 15.1£0.6 15.7+0.8
Body height (cm) 171.2+6.8 174.3+7.3
Body weight (kg) 85.1£9.7 66.9+105

Values are mean+SD

2 o golel 2AYSES HrlGom, UaRe AA
A B4 (& Dol ANE vhet 2}
53

24 A IS ZFEA PEe) Bl 3
23 A9 93, BE A K e 89
43} 3 Qe 93 WA ol Folzich. 4%

=2
2 %3 AAA(T.KK. Takei Scientific Ins Co.,
Japan) & o] &38t9 1, AF2 EF AFA (Seca, Co,
USA) £ o]&ate] sttt #dsEE Aty
AE5E Xray2 9 & CORUS(Y.C Growth
Well Co., Korea), TW3 4 (Tanner et al.,
2001)5 o]€3t RUS(radius-ulna -short bones)
A4g Hrhsta, Wuol & AbEstt.

AT FUE 479 (A4, 85, diE, dh=
Dual X-ray Absorptiometry(Hologic, QDR- 4500W,
USA) & o]&sto sttt 553242 Computed
Tomography(ECLOS, Hitachi, Japan)& ©|-43}%]
on 24 d EE UdAE g 85E4S Al At
7H R B0 R #Hd it FHFAE 8F 4~
5H AlelE 10 mm FAZ s}, Sz
% B5A924 (total adipose tissue; TAT), WA
2 (visceral adipose tissue: VAT), ¥3tA|5
(subcutaneous adipose tissue: SAT), 2|1
A W22 o) 9)skR) R 2 H] (VAT/SAT: VSR) &
o}, oft] ZA|E7RIH & AR EEA
dAE @A A W 9A] o] THE
fFABIH o, G oA 8Ad Aol At
WA 1318 FA7|E o] &35t 10mlE A
CFRE @92 3000 rpmeollA 1583 94

g Yol &4 Fejde Y ¥4 A7}
Bttt BelE 23S £94
AEfel| o5t FAaTh. e of
718 H A S (ECLIA) & A9
2= Mutiskan EX(Thermo, China) %
133 OCE erEgH g Z4H (CLIA) =
, immulite 2000 Osteocalcin(USA)E
15ttt 23847 %2 BALPY 254A
CTx, NTxe A7]3ehE3HdS4Y (ECLIA)
431 Mutiskan Ex(Thermo, China)& AH-
AT
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Az A2 2y

FH¥ 28 E SAS software version 9.2(SAS
Institute, Cary, NC) Z213& o] &3lo] Ay} &
THA e BT 2aHE ARESST Jd 3 Aol
A fetd 59 t-45S AAsigen, S5RA
ZA ol W o] ZALO| E Q1% % B ZARA| £
WAE AR 7] Yot Flol& A EFBA T (pearson
correlation analysis)E ©o|&stith. 3t HHEAH
2437 FEEe] #HA8E B 95k, thesl7]
X (multiple regression analysis)S A8t
o, BAA fFoFEe 062 st

F

£ el ggd.

I 2. Body composition and abdominal fat in obese
male adolescents

ZF HRade] 3R ol EAl| EFRQII SthARAI RS BA 241

HIRP ad 3 Ak ade] 39 Aol & Hla B4
g Adte (& el ArE Hbsk 2o AN 2R
p(001) S 8FEEE(p(.01) A= detado] H]
g adnn fros =7 Yebdth ey diE S
ot AAF oM T 253 @ Aol S HolA|
%3kt

I 3. Bone mineral density in obese male adolescents

Obese Normal t-value
WBMD (g/cm?) 1.02+0.05 1.13+0.05 490"
LBMD (g/cm?) 0.86+0.06 0.95%0.08 2.88™
FBMD (g/cm?®) 094009  1.02+0.10 198
FABMD (g/em?)  0.48+0.05 0.51+0.04 1.77

Values are mean+SD

#p< 05, #xpl 01, #xp< 001

WBMD: whole body bone mineral density, LBMD: lumbar
bone mineral density, FBMD: femur bone mineral density,
FABMD: forearm bone mineral density

OIC|ZAIO| EF IO} ZLHAIK|ZE

H T Ad sy dubAde] olt] EAfo| BRI} &
AR 322 Aol & vl w43 Aot (GE 4 AAIE
vio} 2t} g% e vvbdade] ARk adET
T8l =4 UERATH(pC(.001). 23y} oft] EdlEl &
T 257 723 Aol 7k YERA] @gkont dRbad
NAA T2 A BATh SYAA K9 osteocalcin,
BALPS FE55AES CTxe F 187 93 zfo|7}

Obese Normal t-value
Fat tissue (kg) 29.4+35 110454 9.95™
Lean tissue (k) 512532 51573 000 i 4. ﬁs‘igzzc;/’é(;insieanr;g bone turnover markers in
BMC () 22503 25203 il Obese Normal  t-value
PoBE %) B33 11085 90T Leptin (ng/m) 321165 67:53 481
TAT (cm?) 341.4+41.6 1126759 9.16™ Adiponectin (mg/L) 50£1.6 65+3.9 1.88
VAT (cm?) 46.2+12.6 14.2+12.8 6.17 OC (ng/mL) 9A.1+42.1 74.3+32.7 1.28
SAT (cm?) 29.3+38.9 98.5+64.8 9.02 BALP (ug/L) 74.3+24.6 61.3+22.8 1.83
VSR (cm?) 0.16+0.1 015+0.1 028 CTx (ng/ml) 1.8+0.6 1606 1.39

Values are mean+SD

#p<05, #xpl 01, #rxp< 001

BMC: bone mineral contents, %BF: percent body fat, TAT:
total adipose tissue, VAT: visceral adipose tissue, SAT:
subcutaneous adipose tissue, VAR: VAT/SAT

NTx (n/M)
Values are mean+SE
x p< 05, #xp<01, #xxpl 001
OC: osteocalcin, BALP: bone-specific alkine phosphatase,
CTx: C-terminal telopeptide, NTx: N-terminal telopeptide

531+2.0 43.2+10.3 256"
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0.31

0.45°
-0.24
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0.18

055"

0.17

0.56™

subcutaneous adipose tissue, VSR:

Leptin (ng/ml) Adiponectin (mg/L)
-057"

-0.20
-0.30
-0.31
-048
0.16
0.32
0.25
0.31

VSR (cm?)
Aot a8y diE

2064
-0.43°
-0.31
-0.27
0.09
0.37
0.19
043

SAT (cm?)

068"

056"

-0.35
0.09
049"
021
047"

VAT (cm?)
-0.44"

SHAl =7 UebsttH(p<.05).

9

g]

[e]

T

TAT (cm?)
-0.66™
-046°
-0.32
-0.31

0.09
0.39
020
0.44°

wr}
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Py
S

x

}
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in adolescents.

H

OC (ng/ml)

BALP (ug/L)
NTx (/M)

Values are mean+SD
X

5. Relationship between abdominal fat, adipocytokines, bone mineral density, and bone turnover markers

CTx (ng/ml)

LBMD (g/cm?)
FBMD (g/cm?)
FABMD (g/cm?)

WBMD (g/cm?)
=
=

forearm bone mineral density, OC: osteocalcin, BALP: bone-specific alkaline phosphatase, CTx: C-terminal telopeptide, NTx:

N-terminal telopeptide, TAT: total adipose tissue, VAT: visceral adipose tissue, SAT:

WBMD: whole body bone mineral density, LBMD: lumbar bone mineral density, FBMD: femur bone mineral density, FABMD:
VAT/SAT

x p< 05, #xp< 01, #kxp< 001
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I 6. Inverse predictor of Visceral adipose tissue for bone mineral density in adolescents.

A uegade] FUx ofr) Tale| EFRRI SUIAAES A

243

Parameter

Parameter estimate F ratio p R?
WBMD (g/cm?)
obese Intercept 1.097
VAT -0.002 1.4 0.204 0.16
All subject Intercept 1.149
VAT -0.002 1888 0.003 0.46
LBMD (g/cm?)
Obese Intercept 0.970
VAT -0.002 268 0.132 0.21
All subject Intercept 0.974
VAT -0.002 10.16 0.004 0.32
FBMD (g/cm’)
Obese Intercept 1.022
VAT -0.002 0.63 0.447 0.59
All subject Intercept 1.033
VAT -0.002 3.16 0.089 0.13
FABMD (g/cm’)
Obese Intercept 0.488
VAT -0.004 8.49 0.02 0.05
All subject Intercept 1.033
VAT -0.002 3.16 0.089 0.13

WBMD: whole body bone mineral density, LBMD: lumbar bone mineral density, FBMD: femur bone mineral density, FABMD:

forearm bone mineral density, VAT visceral adipose tissue

FH 9o, Wang et al. (2012)&
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A HEg e AN EES S99 9
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?IZ Rocher et al. (2008)& |
< o, H¥ of52 UnlolFH T}
Coulding et al. (2005)& H|
ade] vjel] 24 gEo] 24 o]
£ Silsta gl w2
2] 2EE T 2 AAGHS B
oQ(Bakker et al., 2003; Berenson et al., 2009),
FZ AFgME A7) AAdEY U X E A
Ao Ao gt A7 desivty Az
oft] ZALO| EFIRIE A A L2 HY FH|¥m thApx
Ao 238 Ad-S 3} (Alikasifoglu et al., 2009).
gild 2 dE e 28559 AuA] A 28
s, A GAGAE Bk 3 vkl A]
A Aol b whet e d%%‘-—zro] e =],
U bxA o] faw JAFE
o] #4E 7HH 2t (Galic et al 2010). o] A-olA
HIRbgAad o & L-’T‘%% dvbg adel| Hla = Ve
S Hof MPATel Ao}

’ -
N9 A8 B, om;z_»ﬂ e

Eozrixﬁo{lxr&
_,HH,_&FOFUO
EéAmHOH

» £

wmr?_
= b
r\-mmg ol -
;R‘.n

fre| A ke Ats)
Al Ebrom | g
I} BA4RE Hol B AFE St (Lenchik et

% FeaRs v e, doizdde

=
Mo
o
o R - A T

4 Bl g0 mam YA, okg A 4
AFZAIE0] HaE 1 glo] et 22 W7
HZ35tH Campos et al., 2013: Lenchik et al., 2003:
Morbeg et al., 2003; Mohiti-Ardkani et al., 2013: Peng
et al., 2008). A AolA] Hk Fade] ez 2%
7147 FA4HE B tH(Campos et al., 2012). &

)

FAF A& vlukg 2d o] mirhet 2Ele] Bu)yl S
A} BHE dA|sle] ZUEo} BAAAS Hol Aoz
Al ), @, Peng et al. (2008)9] d7olxe ARlE

ANFAEG JHIRE BT Hasged, o]
& @ge Aelo] Bl JHAOR Belsto] FAL

Ao e e BYES 04 ANA BUE
QA JFE 7] thRolgka Basgr @

2 ATl A Biver et al. (2011)2 AIAA A9} A
WEAS FHTOR 39S A ¢ AL 5YHc=E &
Aol Feo] gioler, Campos et al. (2013)& H|%F

Az d e dF AT U=} FHAAV) ¢l
o Btk et olyg} Liu et al. (2013)2
2RSS FHFCR 39S v el Z
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(Mohltl— Ardekani et al.,
9} Zro] Lo ATFE ]}\1‘— dege =xxhdog FUe
o FHA & Zol H7] §
g3 ZUwe A4S
a3},

Lenchik et al. (2003)< oltxddo] ZUEE
AR g dAadAga Hustgon, ot
APAFoe LEe F448E BHtH(Lenchik
et al., 2003; Jirimde et al., 2005; Jirimie et
al., 2008; Russell et al., 2010). 28y £ A7
A ol FE o AAFUE 9FFUE UL AA
43-E Bt Williams et al. (2009)& O}‘Qiﬂl%

ALl 2 H A 02 foste] gtEAxe]

ZEAE] S 243 ARt Basta 9\1

SR gk B AelA] ElS SUjAbA] 3
BALP, NTx% #2474 3o] Yepyttt, 2 eA] 4]
T OFe ol ZAlo| EFIRIE RANKL, OPG A=
53l Suirbel A A R #HodtH(Rosen &
Bouxsein, 2006). A¥x49] F7h= Rl #HE
S7HA718, OPGE HaAA EFFARE A
711, E94AREE Gl A A TH(Gimble
et al., 2006). &3, Hgtedole] &2 OPGSt +
A g Holn | E5FAEF 3R E HlE
AR F& HEo| Y & AFE st
(Dimitri et al., 2011). 2]y £ 23S B3l
oft] ZAlo| E7IQIH EhAA 9] BAIE AH sl o=
FEsin], F3ATE Bl vk ade] 'l oj] 2
delo] ojujgt ARE Foto] SAAI R Fg= v]A|
<AE ] A A7t A ofof g
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Relationship of Abdominal Fat, Adipocytokine, Bone Mineral Density, and
Bone Tumover Markers in Obese Male Adolescents

Hyun-Chul Jung, & Jong-Kook Song
Kyung Hee University

The purpose of the study was to determine relationship of abdominal fat, adipocytokine, bone mineral
density, and bone turnover markers in obese male adolescents. Twenty four male adolescents (obese: 12, normal:
12) volunteered to participate in the study. Anthropometry and skeletal maturity were measured. Body composition
and bone mineral density were estimated by DXA (Hologic, QDR-4500, USA). Abdominal fat with total adipose
tissue (TAT), visceral adipose tissue (VAT), subcutaneous adipose tissue (SAT), and visceral adipose tissue to
subcutaneous adipose tissue ratio (VSR) were estimated by computed tomography (ECLOS, HITACH, Japan). Blood
samples were obtained for and analysis of adipocytokines including leptin and adiponectin. Bone turnover markers,
osteocalcin (OC), bone-specific alkaline phosphatase (BALP) for bone formation markers and N-terminal telopeptide
(NTx), C-terminal telopeptide (CIx) for bone resorption markers were analysed. All data were analyzed utilizing
SAS 9.3 (SAS Institute, NC, USA). Independent t-test was used to evaluate the differences between obese
adolescents and normal adolescents. Pearson correlation analysis was applied to figure out the relationship between
abdominal fat, adipocytokines, bone mineral density, and bone turnover markers. Multiple regression analysis was
used to find out the factors of abdominal fat which influence on bone mineral density. A level of significance was
set at p<.05.

The results of the study indicated that fat tissue (p<.001), percent body fat (p<0.001), TAT (p<.001), VAT
(p<.001), and SAT (p<0.001) were significantly higher in obese adolescents than normal adolescents. However bone
mineral contents were significantly higher in normal adolescents. Normal adolescents have significantly higher
whole body BMD and lumber BMD than obese adolescents. Abdominal fat including VAT and SAT related
negatively with whole body BMD and lumbar BMD. Leptin related negatively with BMD whereas adiponectin
related positively with BMD. NTx for bone resorption marker related positively with abdominal fat. Visceral
adipose tissue was a predictor for whole body BMD and lumbar BMD in explaining 46% and 32% in adolescents.

In conclusion, obese male adolescents have lower whole body BMD and lumbar BMD than normal
adolescents. Abdominal fat including VAT and SAT related negatively with whole body BMD and Lumbar BMD.
And leptin and adiponectin were closely related with BMD. Finally, visceral adipose tissue was a predictor for
whole body and lumbar BMD in adolescents.

Key Words: Obese Adolescent, Abdominal Fat, Adipocytokine, BMD, Bone Turnover Marker KISS”



