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o A7AEE &E5 a1 9 tHCenters for Disease
Control and Prevention Vital Signs, 2012). 1|=

&t ~¥ 20|83 (American  College of Sports
Medicine: ACSM, 2009)& A3l A4 SdES

SEAI7IA ok AEd Ag g A3 gy 2
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32 v oAkl e nE ol &5 ot 4
AgdsFs /M7= 53% &tﬂ &
% aga Ve 28
AdE F9en, A% & 1°ﬂ Tgol Hrfa B
(Besser & Dannenberg, 2005). ZA2 A7z
AR F2ote AR dogrt A7 A 79
T EEFE T 5 & NEFY AAEES 5}1
2 Bu¥9eH (Brockman & Fox, 2011),
3 Aw7Feol dgngs olge] FTEAS &ﬂﬂ
2 W 77]ef 7Y A8 W & shveta
A9 tH(World  Health  Organization: WHO,
1999). diFnse o] &3 A7 Sxld #at dgd+=
MacDonald et al.(2010)< = North Carolinas
o $l= A1l Charlotte X199l 244 /& A5 A
R ’\]Zﬂ:r“Hi A8t a1 2% BAE e
of wa} A& #A<=(body mass index: BMI)7} 24
B9n, Hmo] F EEo| 81% 7Ad oz Lehy
t}. Hoehner et al.(2012) 9A] v]gF, 18} a2l
i N dEnse ofde] 344 J&E v
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AR A o aA FuEE WaBEo] AABEY
& 2/NAYa Ras. dEase) oeg owd
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(Nishlda et al., 2001), Pl=3= s = A28 &
W ogAke] Ag-, 79 3~54 9] A 52 Botd
700~2,000 kcal®] olUAE ARsfof bl 441
214-& A8 tH American Diabetes Association:
ADA, 2012). €& F4ta &89 By Iy &
A7F 72 flel ¢ %L T Adrhs ollA w5 dAAQd
o, AAE F8 ouA] ARFS DAsH|d A
otot FElE W v}, EEA 5(2007) 2 A28 B
W Ao Al gt FA e e Azl wet AT A
T4 700 keal® 2R F e 59 Fo= F49
AS- HE d507 H4 25E/4E 25004, 18]al
49 A% 308/4E 33,0005 3 ATt
By gFd dSrTr A7) e Aos desth
HETTE Hwhe] 7]Q18te] tiAbg Aol i = 7}
Aol oA W (Hamer & Stamatakis, 2008), A
54 AR interleukin-6(I1L-6) 9} tumor necrosis
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(Mean+SD)

AE BARD
15) (n=15)
38.29+7.27 35.07+7.136 40.40+10.58 .236
A (em)  175.96+5.41 175.97+5.69 173.52+5.68 .397
A5 (kg)  81.73+8.67 78.89+11.20 76.01+10.49 .534
BMI(kg'm?) 26.39t+2.50 25.41+2.80 25.24%2.39 .559

P

A% (A

54 dut AAA (Samhwa, 3H) 2 &3
L, AT A AAAHE(CAS-150kg, DW-
150, 3=hH 2 =F9t. BMI= A% (kg) < 214<]
AF(m?) ez ol Adaisi.

#}-$-= otz e A (TKK 5001, Takei, ¥¥) =

=28 Ak FYAE FHOR 120
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cm A5 T AAST o] tsto] Azt E el
7], TR EA], gopsladegws]r], 2 S
[e) =

AT WAL 1240 o) B2 AU 4Y B
A 84 el A =R slel 3087 S A3

—

antecubital vein)ol|A 13]
19] E9d& 283l plain
tubedl|] Fol 30F o] A& & ¥ 3,000 rpmoZ
+ FE& st ()N
SJEAT FAE Tt o] AFlA EA g &
dHlE ded AT} FHsk] HbAle, FFI2,
a3 9l&#olla, HOMA-IR (homeostasis model
assessment of insulin resistance) < tha-2] A4
o2 A=t (Matthews et al., 1985).
@ HOMA-IR = [ZF52(mmol -1, )& (U !))/22.5
ASA| 2o} TSI TNF-¢, 11-6 2 CRPE, 183
153 B AST, ALT 2 7-GTE #4319t

N
Rl
N
il
o
ofo
ol
£
-
o 1=
8

2 Lifecorder(Kenz, 4¥)& =434
o, td2e] Q8% slg] 9l (wiF A7 F
)oll 288l 3k}, Lifecordere] wlolE +4&
&5 A d A9t o] F 53Ut B3
tom, FHT AR ATt #ES 81

>

¥ 2 2% mzIo| 14
— eENE  eEE LEALF
i 20 =
WS A Ty (umrr) ()

1 3 40~50 15~20

27 oA 2 3 40~50 20~25

3 3 50~60 20~25

4 3 50~60 25~30

5~17 3 60~70 25~30

gy A 8~10 3 60~70 30~35

11~12 3 65~75 30~35

2. MEElct

ETFdo g AHEE o] 48] 2 tdAtlA dF

Wz AT st 1AE(2009)9 AT+E
Zastnh 1259 AR 717 Bt 7 oAl Al of
FUnlt}t WEIEE AFE] dFuE S o &3leE
AL, wEIE SHoAE Bl o] WIS E9ls}
F}, ek A A G7kA], agla Gol| A FH 2|7t

219l A7t 7Wke] Heggo] FEA &2 A% FH4
08 ALE slo] B2 A 51T HA 2089 B3
< FEaT €2 E25H F2Y M £ 10

3ol 24 gFu%ss o4 s oy, Fode

A7HE o] &o] hEeteE o9

.2 HT ollR|MF =

(Mean+SD)

3
At 45 8 125 p

& 16938535813 1660.13+331.57 1693.58+449.31 e+ 612
78 1586.26:244.03 14358430393 1607.26+397.11 Ak 298

BA 17T2.83:278 58 1639.964227.21 1637.43:251.38 Feh<Al 741




AI2A 2] wh [

o] AToM de& AZZ SPSS PC (version AW R Rtz AL A5 ago] frola)
21.0)2 BAslgth 2 JatoA] do F&uol] /)& A GeA ekgkou kel Faapt ol skl vebs:
EA S H1t(mean) ¥ EFA 2} (standard deviation Q2 9 AAE™EEH Y], Alol=A®l a8
of mean: SD)& AAsAth. A Ak 7+ agln gopslE o2 w37l 7 AT BFoA frest
A} 7F 2290l 9] o] 2 HlE o]ﬂagatw(repeated Al R on 53] A deH 7|9 ekolslm e
measures two-way ANOVA)C.& 7=t 8 Ewdl7le F AAREAM FARE #E22(p(.01)
7w AaAgo] Soja AL EAAA ) A A 7 AT, dE 9, FHueEAr], gl Y
Fpol= AUWMBTEA (one-way ANOVA) o2, aelm 7V #eAEANT frofetd FE=ATHE 4)
Y Ad W F @A 7 Aole T5 t-H 5 (paired

_ olaal MatMX|E
t-test) 2 FHAGT. BE BAH felrE(ae  AEE HBYXE
0.052 2dsat. Jgd A3 Y wE AN Peat A4x)
o] Az Ago] folst yehdA ggkoy et
HOMA-TR®] 22.68% 7HA¥ Q1 Aotz AALe] 435
AT A3} Ago] folat 20| 714 (p=.125) A& A4
o] NAYE A HATHFE 5)
4. A=He| vist (Mean=SD)
B R R RER 4% D
con o | EE 44.23:6.19 47.28+7 31 6.90 qe 709
*L(I: )ﬁ B % 42.8546.40 45.896.76 7.08 ** A 000 +++
£ =7 43.48+8.03 43.97+6.65 1.13 A=A 107
o or 2% 46.65+7.56 49.31+7.05 5.70 w e 1393
N A 45.726.20 47.82+6.13 4.59 A} 001 ++
g 27 44.25+6.66 45.13+6.79 1.99 AebdAl 376
ey TE 194.44+22.01 207.52+22.20 6.73 " e 896
em) A3 193.88+20.67 201.41421.98 3.89 w At 000 +++
27 197.3316.90 200.18+18.86 1.45 AebAAl 133
P CE 25.62:20.38 36.24+23 62 41.44 * e 485
meuay] A 26.06+20.02 35.60+36.33 36.62 A4k 008 ++
(%) A 92.18+15.43 92.44+20.09 1.20 AdA 170
our % 23.91£21 47 35.62:31.17 48.98 * A 762
wrmeeay] A 24.06+15.32 34.07+37.82 41.62 At 007 ++
(%) £ 23.46+18.06 24.05+23.32 2.51 A=A 191
Aol= s 2% 30.00£4.51 33.57£3.72 11.90 e 195
@ A3 32.47+4.47 35.40+4.63 9.03 * A} 000 +++
24 31.27+3.47 32.20+3.69 2.99 Aebdar 121
golglEdon  F 7.8128.99 10.19:8.79 30.35 * e 827
247] A3 8.99+6.02 12.6346.07 40.50 “ Ak 002 ++
(cm) EA) 10.11+11.03 11.23+11.71 11.07 AedAL 355
guoos  TE 19.29+3.56 21.79:3.02 12.96 * e 829
S (F;) A 18.73+5.35 20.40+5.40 8.90 AAL 041 +
E4 19.87+7.26 20.27£2.99 2.01 A=Al 496

P05, *TPC0T, *TPCL00T:

EEREREEEEEED)

+PC05, ++P(01, +++P(001: Rold a3} £ 4



40 duE 9

¥ 5. o=l MEAX|FEe| HEt (Mean*SD)
Rl EE: A A 4% D
HbALe ¥ 5.39+0.34 5.26£0.34 -2.25 At 422
%) A% 5.17+0.56 5.09+0.59 -1.55 A} .068
B4 5.29+0.34 5.29+0.41 0.00 AebgA 381
— &5 98.64+9.48 96.6+9.61 -2.03 ek 747
?m;-dlé"; Ag 95.80+11.51 94.5+10.79 -1.39 ZAL 622
B4 94.93+10.24 96.2+12.93 1.33 AebgA 599
I &5 9.55+5.06 7.60£2.43 -20.42 Ak 506
(O/TIUEH) A3 7.45%4 57 6.76=2.20 -9.22 A .098
S 7.55+3.99 7.71£3.48 2.03 Aeb@A 226
&5 2.35+1.28 1.82+0.63 -22.68 ek 426
HOMA-IR A% 1.74+1.01 1.59+0.55 -8.37 AL .106
B4 1.80+1.05 1.89+1.03 4.73 Aebgi 125
H 6. HSX|Ho W} (Mean+SD)
R A A A 4% D
. &5 0.76=0.60 0.670.63 -12.04 At 710
Intfmg‘iﬁff)ﬁ A 0.88+0.34 0.84+0.51 -4.83 A% 494
EA 0.77+0.38 0.78+0.49 1.47 AebgA 781
— 5 2.13+0.96 1.43+0.73 -32.56 * ek 666
(pg-nl)) A% 1.92+0.89 1.410.68 -26.62 * A .001 ++
5A 1.97+1.00 1.89+1.06 -4.02 AebgAl 129
CRP &% 0.94£0.77 0.7920.60 -15.27 At 547
(ng-40-1) A% 0.89+0.87 0.75+0.71 -15.67 A} 237
ol 0.65+0.47 0.610.62 -7.14 AebxgAr 887
PCO5, TPCOT: e ol AR 7] frolgh ato]. ++P<.01: Fele FEY Ee oA
E 7. 27159 wist (Mean+SD)
el ek Apd i 4% P
&5 23.8£7.0 20.6£3.3 -13.21 At .103
(ﬁsf,l) A 23.246.3 20.144.3 ~13.53 Art o1+
B4 25.946.6 24.626.0 -4.90 AebAl 643
&5 26.9+13.5 24.4+10.4 -9.28 A 797
(a1 A% 24.7+10.3 21.6:9.7 1244 " A 048+
SA 25.210.5 25.1¢11.6 -0.26 HAebgdAl 371
- &5 27.4£12.9 27.0£11.5 -1.56 At 619
(1 01) A% 30.714.0 29.6:18.3 -3.48 AL 877
B4 31.9:15.0 32.5£16.2 2.09 AebA 920
AST: aspartate transaminase; ALT: alanine transaminase; 7-GT: glutamyl transferase
*PLO5: AT W) A gkel fel@ Aol +P(.05: fold FEIN B FEAE
E 8. ¢ Edliol iz} (Mean=SD)
Hel ek 45 8+ 125 p
€5 5216.96+2031.97*  5825.55+1418.36a  6101.18+1833.93a ek 003 ++
dod Wa(s]) A 7426.24:2383.18"  8766.41:1821.13b  7714.36+3259.65a A 141

BAl 4917.19+3407.81*  5473.77+2656.62a  4787.1544214.35b oA} .670
Tp(01: ROIF FEH E= JEAE. a, b, ¢! T2 AT A7 ) AW 9] Felw Ak e el

ol



of\
rln

AzAEe BAH BE WA 93} A4S 2
E3go] felahrl vehiA) gsieh. TNF-a9] 49 3
el FEL el vebsker, £54901

]_
B

o

;N

I A (pC.05) RIFA A s
CRPE +EHH-15. 27/)4 ZL

Hl = ez AAaEATHE

,]
15.67%)°lA

2H7]

olr

Wl B8 2E 0 e 43
Aol felabl Uehd @ster AsT 9} ALTAIA
AAe a3} et ALTE 2S¢ A8
W frolels) a8 Aoz et A 4 £
Aoz oo 2otor), £53 4 o]

7

7t 13.21%, 13.53% #2=ATHE 7).

ol
=

ne

Eas

dd HeFoa oz} HALe] e z-go] fostA
UERA] okout Aol 837} frefshAl YRt
g ee] et v F HeET ol %S
M 99 FiF o 30005 ¢ A Aoz ey}

= o

A2io| s}

o] AFolN LENT A 1277ke) Ao vk

& ot (p(.001), 94 ok (p.01), ARel=e]
p(.01), 988 ETe9A7](p(.01), D ¥

*%ﬂ( <oo1 ool &

SIS rlru
mﬂ:

2
(o]

HU.E/—\
Tl 12
o >
L NN
Q
S
(@]
—
e
>~
-
K

do ™ opx 2 o pe o B fo
o |
ok,
X
%k
or g
4,
PO
o
i

ol K
&

ot

X,

o A, ded AP, AR B Wsd vAE dF 41

TAASEE XS 27 :LX]:rLE:Ur %04“ o| felst
S Aot dA|
A7) A= rﬂ*hi 24T7¥ 70~80%
55 A% Karacan (2010)¢]
AFAME A7, 28, aga FAXo] FofsHA
el o ]5}°3dr Thekgt 717t

A AAG Ak gol Age] gl AL J3
4= 9lom o] AFoA] 1253t A4
S JAY A g

DO
=X
)
1o,
- O}m
rl
=
L
=

ol = o o diE R

St upe} 9.%%
(p.01), Alel=
10171( Con7E . ole

S A7HEA dEgasoz A7 A B
o 57}5101 ‘JrE‘r‘ir Azeta A

i)

(e}
o,
N

El oft 4 [o 4B
o o rf ju

ofN mt

o
o
fu
M
i
offt

4 elie] o, 121 A
B%0] Z7H9 3, M)
e Ao AN 5 r

S UFREOR ARG A3 23§40l

ta Hag 7&*&%(2009)91 A7

tlo Bl it
IN
_\|‘_4
oo
il
[
nﬁ
_’EL
:{o
[
B o
o
off ®
b
B3
82
X

i
=)
o
mo
i
o
g L

=
Y
o
o,
ofl
o
= 4
oS
=
o
re
oX,
=2
Jo
lo,
ol
b
oSt
ox
L«

o S -

F—J—o}'AAJ— A2 5(2010)& 1% =)
oz 1253t A7 ¢5s A
79, aela Faxe] folsH 71
on Purath et al.(2013)& =9
ko] Heghs Ax| A3 24
S7HET L Baste o] A
o] ¢} ## st Morency et al.
o] gste I Fol 9 e FHFS
‘4101]/‘19] ol %, 11”4.1— 74]‘”’} oj& =

3o

@
i)
12

2

o

Sl

)

£
_?LF_LJIOEEQ

o

P
o

o e
ofl

S

S ox

= |0

o
g
of N
-

= 3R

-4 rlo
~ o 4
ﬂl}‘._ﬂ
A=)
1o,
o
>~
_OrlL
4%
v

Handman(1997) @71 ot A7k f<dA o
‘5“0}9 T ‘”ﬂm_ EJ-O}OjD} b o FuE o]§ Al
259 e 9sto] FALREE
e A o] Yehd Aoz g 4 gl



7HA 7]

=

o

CER
Aegs A2

42

-8.37%)°]

E..*;_AELD]
~o NS W W H S
o B E .iﬂzmwglwgﬁjod
AﬁrWLno = 5 % o o of
e B EE 2 K o)y Mo oX TN W W N
O#AMﬂqu:ioEuMqM, ﬂaO) 1r;ﬂ01rﬁ7ﬂ|ﬂ|cl_ew_u
1r7L —_ ) —_— ;01r7ﬁ < K T AR
Ao@ruw_woﬂo_%met Wrmmwﬂ? ;moiﬂh%éaw@r_»V“Aﬂwwxz?ﬂLé
SEriERT ITRECEE znzittaceafedsiiiny
oEl,_Idﬂ PJLM .73%@@ ea7ﬂua7ﬂv Ne]]xoﬂroﬁﬂee,uﬁa |
ﬂﬂAmﬂ%é%wmr% = o N ﬂmxfﬂ%éo@}xO%fr%ﬁ% T T
i5mﬁa%&%myﬂ%%io_e %@2%%}ﬂﬂzﬂﬂﬂﬂgwxr%ﬁioﬂ
® N I or 2 EEN o] % LllD{%%AT@E no%zc:fﬂ
e M%q ﬂuilruu_moaﬂnn MﬂaﬁummlzTﬂ«O ﬂﬁ\otio}lMﬂﬂ -
CriFipyrdzsics Maglmgﬁm%ag@%@qu%;
B41]ﬁfaaot1%7Am.._Ur mﬂ%o ﬂNdzTAMn_wm\_ ﬂ,w‘_NﬂoLmﬂée ﬂumoooHoMAl,mu
W 3 s R o g W = W3 % g - o TR SN S e s
Bl r s o EE R aL.meOo4 B %o - S A Sy
3.maﬂoﬂ_dv1m,|v_oﬂro1_].lﬂ;o S {SNca AdOH oW7o¢l:.L@L1 ™~ po ,,Edﬂ.ﬂoe)
> Ly 7o B o.quoaAﬂ oS @ N = T o <
S o o »or W 7o oF g i 2 ED SR iﬂ%gs%x S op —
N _/\_HLI N Llﬂ.ﬂ e I~ ﬂnOwalL ﬂ\ul [}
N%OEH_EW,?%; o g im%ga ,g%smxxﬁeﬂAxﬁi%na
mﬁofi. om_,T ML70_MW_.JUdﬂ ol mEﬂﬂnafﬁ]ﬂurw.;‘_ﬁﬂcmo lmEmﬂogoEH
aﬁim‘ %wg%%@%l@r& uom%wo%mEﬂﬂuﬂ%ﬁ%mmﬂn%\&ﬁwa
:AET WC..#OJI\_,I]_ JAW;OL 111!0;001[ vﬂNO]ﬂAI X — 55 +
qowgmmqﬂazmo%%uoﬂﬁ mmofﬂmgﬂfrmwmmg%mm%m
ATmﬂﬂHiﬂlo_uo#aﬁﬁoimﬂmﬂemﬂﬂnmm%%ﬂimEDIummo_aAwMovM mw__ofl.ﬂum; =
%%ﬁ?%“ﬂx%?lx%é% A_n_s%MérJ%r 4dF=xF
q@a%@ﬁ%%%mw%Mm@oqw@inmwxm
W T A o T mﬂogovr%iﬁ
qomﬂﬂ#_oljl _ 5ok TR N R g ™ S ol X
M@&%WEM ol H zﬂgﬁﬂo%gm%%é
swm$ﬂA%‘% G e KT W
TREiIuceiEtacal e s
7%aaoﬂH@wLwL;Lﬂ@qmﬁﬁT a«mrm%m.mhﬁl.,gﬁ
Mﬂt%ﬂomﬁﬂ&?,ﬂ Wy = F R RN ® R Mo ® s
oUe@wuﬁLﬂf@LﬂLﬁﬁm%iﬂ% %%%nﬂﬁ_ﬁﬂzotﬂlﬂ %Wﬂ%
- 3 ~< ~ e jtis <5} ) —
T m&ﬁi?ﬂroww R M%Hﬂﬁimﬁ = L%Z.O_HM
W o S .%o_ﬁﬂmqﬂlwr;.o{ﬁ xﬂ%imys 3 AR _dvi2
S oo e = 2o 5% SO 5 SIS TR B % g of L
Sd © NI Eo —_ < O\m R B! ~ Eo - ‘ﬂa =} 3 2
m o 5 W _/n_we7szo vy T ot st zﬁolajﬁwro > ﬂkaexﬂmﬂ
¥ Ew L ﬂssoc%mﬂli & X SR TSI B
iﬁerCA%%mﬂ%ﬂégmbﬂ@ ﬂ%éﬂ%ﬂw%xﬂn@%%]
O# _ZT ‘_law\_ Lt = =) Pl < OM} ) i ,_dﬂ‘l.l o HT — s a KA v e lo ,O
™ Egde V%96.o1r0nmhu ’ o Tk i.aiﬁﬂm»% oo
RagAwe =z, SERES 4Ty ) DX g 28 g ook I
oyoiimﬂﬂlﬂwoov o AT o U ) e
T ~ X o~ m W bo 7% ) 1 [ ® o o 5 T oo E < Ko S =
xﬁﬂﬂﬂdo%mﬂﬂ(% o _ KoK - A%ﬂumamo =
w ‘Dl;o = =0 plo s TE o) B o jo ol =0 3 ol _,AOO#U%EO ol 5@%%0'
_££1mﬂ%}% » X e B mE H R G AR MmN
l%.LIaEXEoL_Lw@L}mW7LﬂL% H e T B ofo;ﬂﬂ7;|
110_MuHNM‘MHMOOEOT_‘&IMMOWH_WAOouﬂdﬂ_oi .”..Ao WolduWL,ﬂoﬂAlwmoﬂﬂ%ﬂAAeo,mﬁuai
woqo%ﬁa%%i%o,aw@mw%ﬂ?&o 5 = ,ﬂm%@%i,ulomvwekaW%E
ETa:TmLTﬂﬂ%a b EEL X e el R RS
T BT i oﬁa_@oc o o Mo o 2w ﬂ]driﬂ%#ﬁz‘f%
" iTievrezdax & a%azyo}asmfﬂeﬁﬁ
LTEvEr 8 mkm:f)wﬂ,v e T A
= ol OH%%@B%@&_/%@A%O
_‘aeﬂeiwlogoﬂﬂoz?]__/l]%9‘_t
o2ot§0 [S) ™
225_“% 1;&%
1] A

-9.22%)7 HOMA-TR(-22.68%

A 7Had

[}

. 22]3 HOMA-IR®] 9|

=
e v

T

o A8 $(2012)



ol mA|

=
[e)

, GEAE 9 17

T

ks

ojm

3

A

1
o

E[l_

HEH Hamedinia et al.(2009) & H|

A

2531

3l 2

A3 2% CRP7} 9]

ol

o] AFoA 3

Ad,

CER

A
7} ¢

]

et

i
—t

o°

59

A3} CRPAA
, TNF-a¢} IL-6%F 98 ZAaFdtn B

o] o] Q] Azhsh At

9|

s

o
FE5S A

4

1o

;OT
o0

o
Fe

kit o] d7llA CRP

9

5

+

=

whebAd CRPE) A 37t b2 A ekt

o

14 CRP| 49

9|

—_

o

ol
H

Klo
8l

o] CRP

=
=

e ol g Bt

Hs7F et e
FEol FE e

g

=%
=

IQl TNF-a

RS

Aol 27}

Al

}3, TNF-a

A

ol

2012), o] 37149 AFAE
#eo] 9Jth(Baumann & Gauldies,

(Libardi et al.,

H
o

3

UehtA] gskon], ol tidate] CRP 0] 3%

91(0.0~5.2 mg/ L)l YA7] WEolet

=

=}
L

ol ofste] Yehr] o

A A

(Gregor & Hotamisligil, 2011).

Roth et al.(2011)¢]

2012).

127043k

o
L

(2010)

T3k Beavers et al.

kit

9|

A ZAaEa, 1L-69

3

(p.05)M TNF-e % 2

kil

&

St Ws}e] A

TNF-2 & §9

.

o
o

)

371 b

Ty



44 o 9

AL fFste o AgAfels dA

A %1 e AR, o]& i@%ﬂgj} A 2]
AA o A= T theddt g0lozRE S
w ol gl AL ET A% Pl
2 Al S 2\ A8 Esposito et al.(2003) ]
Ao waw A7|zte] AlAdFFe F7) IL-69
FEe 3

<7t

o o3

S
=)
_\‘i
e
P

ofr
o
2

=

¢

)
&
r
poc)
o
b
S
o
o,
offt
¥
o2l g
o
oftt
of,
>,
E
offt
ol

lo
N

N
N
HE

o
u\l
b o
i
i
N
2
,
i
pacy
o
fiu
r"
T
il
i)
o3
N
=L

1o,

2

i

N

Y

-,

(U
rﬂ,
L
ot o

4
%0,
o
(IS
wy [o

offl

N

S
f”
Ho
>
[

)
e
fu
)
L off
o,
T
i)

)59 AR F AST= A4, 1t =4, a8ln
T el 2 EAlstH, ] A

o &4 Bo] YUrh(W , 2006). ALT=
Aol 7t o] o] ‘}l% “H oA Fo A Tk A&y
01 1;04 ]}\L—‘ xr/}s uﬂ oum o= ”H _g_'o‘]- k3
2o]th(Ryder & Beckingham, 2001). 7-GTE Al
X o e BARA AXE o gasgd Fast
A shH, 53] 7ol Bo] Fxste] A E4E
AAE| 2] %‘7}?‘5}1’/} Messier et al., 2010).
% e HAF, BlE dE g

o] A7|AY 7“1]357} 73

shH, 717 %E‘ EGAA T TS f
ATH(Liu . 2014). 8k of g} Zhef

Ao A A2 %ﬁ" vk ud
Arjato] 4 = A ]
A A9 vk JTH(Younossi et al.,
dE 9d 89S slAdsy] A &ulE Aol 8 &%,
ag]a FAAS A EEo] s JtH(Kistler et
al., 2011).
sy AR IAE FHS ATE A
o

~

HEH Baba et al.(2006) & 4w FAAEES
A 455, F 53], 2073 AAIg A3 SEH A
AWy} 244

ASTSF ALTZ} frefabAl #Has o, 3 A
(2011)& 4% FA22ES 4Y 30~45%, W=
W 333 63], 1232 24F7 AN g A} ASTY
ALT7} o8 A Ata

al.(2008) & H4 3089 FAASES Tm 1274
é A A3l 6719 Al- oA ASTSF ALTZF <8t
A AAERT, 12718 AAdM e 671€ A-EYG o
et 7AE vt Btk uwaba o] ATt
*Ji%%g AAZE 1252 A3 lﬂ& s &
S WgE frarld ta A9 o2 HoEe
, 5o A7zt % AR E *E‘Alé}—t— T ATt
AE
3 1 Ao A ALTZF F28HA 4
o2 Vel ole EH T Hste] B}

S

L:o;'iﬁ:(oqo
o

oL

g

rOl

ua Z7be Ao L 7|0 (F 8 $2), 294E F
o AL AT RALEo] 228 Fol

33] AAlste fritaegol Hlgte] 117
ke 2ol & Z M 5 siet ols} 2

=
7P71% # 1—% Azrele W o RE 747] 2o 93
AAZEE %7}7} O Z3AQ Ao dddn

Promrat et a
4715 AN g Z—éﬂr ALTQ} ASTOM < ohﬂ g
Aok Baste] 1H7]5e] A gt Ar]e] a9E
A3 vk gioh

H

r°\‘



o WA= 9%

=
[e)

i

9FAE

Aad A,

o] T Hgel A,

(2010). A

wK
2]

AlS|HISEtS|X], 38(2), 1073-1080.

3|
er

19-24.

(2009). 43G9 Badzo] e

ol mAe 9.

18(1),
ol vl
Eil

q

A

HAl 2+

1717} <l

o

oA TNF- a7} 5]

A¥Qon 11-69 CRP7} 7§14 Agko] Uepyitt
to ATl A ALTZE frof st

°

I gopsledozy

s

o

7]
2
o)<} 23}

Ar

4.

[e]

7U

3 ®H,
Aded A

1

B

[¢)

=z =
=

o] el ZhA ol

&

l
S

2]

NJo
goia

T

q

& ARkl ek w7 # A

Ael 3 &

&

e]

B
)
il

K

X

ob

1415-1425.
o] TNF-

5|x|, 22(5),

3|
A2 (2011). 72

5

239-248.

Apelin®} Alo] E7}FQ

20(3),

Agtel] 3]

s A
gl
;O.ﬂ

A

o

s K

e

X
Ko
3o

A

49 A

(2012). 125 47

<,

853-862.
sk, A

=]
R

3|x], 20(1),
AR, olFA,
19-26.
213-222.
9(3), 499-509.

2|,

1-11.

44(2), 791-801.
4N,
St&|x|, 20(3),
, 16(2), 48-59.



46 v 9

gy A 44(2011). D= FAkaeEo| oA AES
=Rl e A 275 5 % CPK 244 1A
© 9% A=2SMEE(R], 7(3), 109-119

HoH, &7, A4, &4, T58(2007). H72 A, &
A A dSAE EF 7-GT MAE 4T
EH?JﬂPéQ—‘;?—W 13(1), 14-20

atdell, B74%, AHE(2000). B ZEAEAA 715 HAL
l"“\ﬁ‘ ‘?l* £ B acl. o olsts|x], 12(1)
59-69

ACSM(2009).  Guidelines  for  Exercise Testing and

Prescription. 8th ed, Lippincott Williams & Wilkins:
Philadelphia, PA.

Ahmadizad, S., Haghighi, A. H., & Hamedinia, M. R.(2007).
Effects of resistance versus endurance training on serum
adiponectin and insulin resistance index.
Journal of Endocrinology, 157(5), 625-631.

American Diabetes Association(2012). Standards of medical
care in diabetes. Diabetes Care, 35(1), 11-63.

Baba, C. S., Alexander, G., Kalyani, B., Pandey, R., Rastogi,
S., Pandey, A., & Choudhuri, G.(2006). Effect of exercise

and dietary modification on serum aminotransferase levels

European

in patients with nonalcoholic steatohepatitis. Journal of
Gastroenterology and Hepatology, 21(1), 191-198.

Baumann, H. & Gauldie, J.(1994). The acute phase response.
Imnumnology Today, 15(2), 74-80.

Beavers, K. M., Hsu, F. C., Isom, S., Kritchevsky, S. B.,
Church, T., Goodpaster, B., Pahor, M., & Nicklas, B
J.(2010). Long-term physical activity and inflammatory
biomarkers in older adults. Medicine and Science in Sports
and Exercise, 42(12), 2189-2196.

Besser, L. M. & Dannenberg, A. L.(2005). Walking to public
transit steps to help meet physical activity recommendations.
American Journal of Preventive Medicine, 29(4), 273-280.

Brockman, R. & Fox, K. R.(2011). Physical activity by stealth?
The potential health benefits of a workplace transport plan.
Public Health, 125(4), 210-216.

Centers for Disease Control and Prevention Vital Signs(2012).
More People Walk to Better Health. Centers for Disease
Control and Prevention: Atlanta, GA.

Colbert, L. H., Visser, M., Simonsick, E. M., Tracy, R. P.,
Newman, A. B., Kritchevsky, S. B., Pahor, M., Taaffe, D.
R., Brach, J., Rubin, S., & Harris, T. B.(2004). Physical

activity, exercise, and inflammatory markers in older

adults: findings from the health, aging and body
composition study. Journal of the American Geriatrics
Society, 52(7), 1098-1104.

Dandona, P., Weinstock, R., Thusu, K., Abdel-Rahman, E.,
Aljada, A., & Wadden, T.(1998). Tumor necrosis
factor-alpha in sera of obese patients: fall with weight loss.
Journal of Clinical Endocrinology and Metabolism, 83(8),
2907-2910.

de Gonzalo-Calvo, D., Fernandez-Garcia, B., de Luxan-Delgado,
B., Rodriguez-Gonzalez, S., Garcia-Macia, M., Suérez, F.
M., Solano, J. J., Rodriguez-Colunga, M. J., &
Coto-Montes, A.(2012). Long-term training induces a
healthy inflammatory and endocrine emergent biomarker
profile in elderly men. Journal of the American Aging
Association, 34(3), 761-771.

Esposito, K., Pontillo, A., Di Palo, C., Giugliano, G., Masella,
M., Marfella, R., & Giugliano, D.(2003). Effect of weight
loss and lifestyle changes on vascular inflammatory
markers in obese women: a randomized trial. The Jourmal
of the American Medical Association, 289(14), 1799-1804.

Fraser, A., Abel, R., Lawlor, D. A., Fraser, D., & Elhayany,
A.(2008). A modified mediterranean diet is associated
with the greatest reduction in alanine aminotransferase
levels in obese type 2 diabetes patients: results of a
quasi-randomised controlled trial. Diabetologia, 51(9),
1616-1622.

Giannopoulou, 1., Ploutz-Snyder, L. L., Carhart, R., Weinstock,
R. S., Fembhall, B., Goulopoulou, S., & Kanaley, J.
A.(2005). Exercise is required for visceral fat loss in
postmenopausal women with type 2 diabetes. The Journal of
Clinical Endocrinology and Metabolism, 90(3), 1511-1518.

Gregor, M. F. & Hotamisligil, G. S.(2011). Inflammatory
mechanisms in obesity. Annual Review of Imnumology, 29,
415-44s.

Hamedinia, M. R., Haghighi, A. H., & Ravasi, A. A.(2009).
The effect of aerobic training on inflammatory markers of
cardiovascular disease risk in obese men. World Journal of
Sport Sciences, 2(1), T-12.

Hamer, M. & Stamatakis, E.(2008). Inflammation as an
intermediate pathway in the association between
psychosocial stress and obesity. Physiology and Behavior,
94(4), 536-539.

Hochner, C. M., Barlow, C. E., Allen, P., & Schootman,



M.(2012). Commuting distance, cardiorespiratory fitness,
and metabolic risk. American Journal of Preventive
Medicine, 42(6), 571-578.

Karacan, S.(2010). Effects of long-term aerobic exercise on
physical fitness and postmenopausal symptoms with
menopausal rating scale. Science and Sports, 25(1), 39-46.

Karstoft, K., Winding, K., Knudsen, S. H., Nielsen, J. S.,
Thomsen, C., Pedersen, B. K., & Solomon, T. P.(2013).
The effects of free-living interval-walking training on
glycemic control, body composition, and physical fitness
in type 2 diabetic patients a randomized, controlled trial.
Diabetes Care, 36(2), 228-236.

Kistler, K. D., Brunt, E. M., Clark, J. M., Diehl, A. M., Sallis,
J. F, & Schwimmer, J. B.(2011). Physical activity
recommendations, exercise intensity, and histological
severity of nonalcoholic fatty liver disease. The American
Journal of Gastroenterology, 106(3), 460-468.

Libardi, C. A., De Souza, G. V., Cavaglieri, C. R., Madruga,
V. A, & Chacon-Mikahil, M. P.(2012). Effect of
resistance, endurance, and concurrent training on TNF- @,
IL-6, and CRP. Medicine and Science in Sports and
Exercise, 44(1), 50-56.

Liu, X., Hamnvik, O. P. R., Chamberland, J. P., Petrou, M.,
Gong, H., Christophi, C. A., Christiani, D. C., Kales, S.
N., & Mantzoros, C. S.(2014). Circulating alanine
transaminase(ALT) and 7-glutamyl transferase(GGT), but
not fetuin-A, are associated with metabolic risk factors, at
baseline and at two-year follow-up: the prospective cyprus
metabolism study. Metabolism, 63(6), 773-782.

MacDonald, J. M., Stokes, R. J., Cohen, D. A., Kofner, A., &
Ridgeway, G. K.(2010). The effect of light rail transit on
body mass index and physical activity. American Journal
of Preventive Medicine, 39(2), 105-112.

Matthews, D. R., Hosker, J. P., Rudenski, A. S., Naylor, B. A,,
Treacher, D. F., & Tumer, R. C.(1985). Homeostasis
model assessment: insulin resistance and 5 -cell function
from fasting plasma glucose and insulin concentrations in
man. Diabetologia, 28(7), 412-419.

Marcell, T. J., McAuley, K. A., Traustaddttir, T., & Reaven, P.
D.(2005). Exercise training is not associated with
improved levels of C-reactive protein or adiponectin.
Metabolism, 54(4), 533-541.

Messier, V., Karelis, A. D., Robillard, M. E., Bellefeuille, P.,

o A, ded AP, dsAR A W viAs 9T 47

Brochu, M., Lavoie, J. M., & Rabasa-Lhoret, R.(2010).
Metabolically healthy but obese individuals: relationship
with hepatic enzymes. Metabolism, 59(1), 20-24.

Morency, C., Trepanier, M., & Demers, M.(2011). Walking to
transit: A unexpected source of physical activity.
Transport Policy, 18(6), 800-806.

Morris, J. N. & Hardman, A. E. (1997). Walking to health.
Sports Medicine, 23(5), 306-332.

Nishida, Y., Higaki, Y., Tokuyama, K., Fujimi, K., Kiyonaga,
A., Shindo, M., Sato, Y., & Tanaka, H.(2001). Effect of
mild exercise training on glucose effectiveness in healthy
men. Diabetes Care, 24(6), 1008-1013.

Promrat, K., Kleiner, D. E., Niemeier, H. M., Jackvony, E.,
Kearns, M., Wands, J. R., Fava, J. L., & Wing, R.
R.(2010). Randomized controlled trial testing the effects of
weight loss on nonalcoholic steatohepatitis. Hepatology,
51(1), 121-129.

Purath, J., Keller, C. S., McPherson, S., & Ainsworth,
B.(2013). A randomized controlled trial of an office-based
physical activity and physical fitness intervention for older
adults. Geriatric Nursing, 34(3), 204-211.

Roth, C. L., Kratz, M., Ralston, M. M., & Reinehr, T.(2011).
Changes in adipose-derived inflammatory cytokines and
chemokines after successful lifestyle intervention in obese
children. Metabolism, 60(4), 445-452.

Ryder, S. D. & Beckingham, I. J.(2001). ABC of diseases of
liver, pancreas, and biliary system: chronic viral hepatitis.
British Medical Journal, 322(7280), 219-221.

Simons, R. & Andel, R.(2006). The effects of resistance
training and walking on functional fitness in advanced old
age. Journal of Aging and Health, 18(1), 91-105.

Steele, K.(2010). Bicycling and Walking in the United States:
2010 Benchmarking Report. Alliance for Biking and
Walking: Washington, DC.

Teoman, N., Ozcan, A, & Acar, B.(2004). The effect of
exercise on physical fitness and quality of life in
postmenopausal women. Maturitas, 47(1), 71-77.

Tomar, R. H., Hashim, M. H., & Al-Qahtani, M. H.(2013).
Effects of a 12-week aerobic training on glycemic control
in type 2 diabetes mellitus male patients. Saudi Medical
Journal, 34(7), 757-759.

Villanueva, K., Giles-Corti, B., & McCormack, G.(2008).
Achieving 10,000 steps: a comparison of public transport



48 &t 9

users and drivers in a university setting. Preventive
Medicine, 47(3), 338-341.

Wang, Z., Wang, L., Fan, H., Lu, X, & Wang, T.(2014).
Effect of low-intensity ergometer aerobic training on
glucose tolerance in severely impaired nondiabetic stroke
patients. Journal of Stroke and Cerebrovascular Diseases,
23(3), el87-e193.

West, J., Brousil, J., Gazis, A., Jackson, L., Mansell, P.,
Bennett, A., & Aithal, G. P.(2006). Elevated serum alanine
transaminase in patients with type 1 or type 2 diabetes
mellitus. An International Journal of Medicine, 99(12),

871-876.

Whitfield, J. B.(2001). Gamma glutamyl transferase. Critical
Reviews in Clinical Laboratory Science, 38(4), 263-355.

WHO(1999). Charter on Transport, Environment, and Health.
World Health Organization, Geneva.

Younossi, Z. M., Otgonsuren, M., Venkatesan, C., & Mishra,
A.(2013). In patients with non-alcoholic fatty liver disease,
metabolically abnormal individuals are at a higher risk for
mortality while metabolically normal individuals are not.
Metabolism, 62(3), 352-360.



Sho] T e A, dad AR, AR R el nAe 9F

Effects of 12 Weeks of Aerobic Exercise and Change to Public
Transportation on Physical Fitness, Insulin Resistance,
Inflammatory Makers, and Liver Function in Middle-Aged Men

Da-Som Heo, Yae-Young Kim, Won-Sang Jung, & Man-Gyoon Lee*
Kyung Hee University

This study was designed to investigate the effects of increment of physical activity for 12 weeks
through aerobic exercise training or change from own vehicle to public transportation for commuting on
physical fitness, insulin resistance, inflammatory markers, and liver function in middle-aged men. Forty-four
subjects, aged 30-50 yrs, were randomly assigned to either one of three groups, i.e., aerobic exercise training
group (TR: n=14), change to public transportation group (PT: n=15), or control group (CON: n=15). Subjects
in TR performed aerobic exercise for 30 min per sessions, three sessions per week, subjects in PT changed
from their own vehicle to public transportation for commuting, and subjects in CON maintained their life
patterns during the same intervention period. Physical fitness, insulin resistance, inflammatory markers, and
liver function were measured at pre- and post-test, and the data were analyzed by repeated two-way
ANOVA. Main results of the present study were as follows: 1) All variables related to physical fitness
improved significantly in TR. Right grip strength, standing long jump, side step test, and sit-and-reach
improved significantly in PT. 2) Although there were no significant changes in all variables related to
insulin resistance, the variables tended to be improved in TR and PT. 3) TNF-@ decreased significantly in
TR and PT. IL-6 and CRP tended to be improved in TR and PT; however, the changes did not reach
statistical significant level. 4) ALT decreased significantly in PT. AST and 7-GT tended to be improved in
TR and PT; however, the changes did not reach statistical significant level. It was concluded that the 12
weeks of change to public transportation as well as aerobic exercise training would be beneficial for
physical fitness and inflammatory markers. These interventions also would be possible to improve insulin
resistance and liver function. The increment of physical activity through change from own vehicle to public

transportation was found to be equally beneficial for health promotion compared to aerobic exercise.

Key Words: aerobic exercise, public transportation, physical fitness, insulin resistance, inflammatory maker, liver
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