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Comparison of Serum Insulin, Leptin, Adiponectin and High Sensitivity
C-Reactive Protein Levels according to Body Mass Index
and their Associations in Adult Women

Mi Young Lee, Jung Hee Kim'

Department of Food and Nutrition, College of Natural Sciences, Seoul Women's University, Seoul, Korea

Abstract

Obesity is characterized by increased storage of fatty acids in an adipose tissue and closely associated with the
development of insulin resistance and cardiovascular diseases (CVD) through secretion of adipokines. This study was
done to compare serum insulin, leptin, adiponectin and high sensitivity C-reactive protein (hs-CRP) levels according to
body masss index (BMI) in Korean adult women aged 19 to 50. In addition, we examined the association of BMI, serum
lipids and Homa-IR with serum adiponectin, leptin and hs-CRP levels. The subjects were divided into 3 groups by their
BMI, normal weight (BMI <22.9, n=30), overweight (23.0< BMI <249, n=71) and obese group (25.0< BMI,
n=259). Serum levels of total-cholesterol, TG and LDL-cholesterol were significantly higher in obese group than in
normal weight group. LDL/HDL ratio and Al were significantly higher in obese group than in normal or overweight
group. Fasting serum levels of glucose and insulin and Homa-IR as a marker of insulin resistance were significantly
higher in obese group than in overweight group. Serum leptin level was significantly higher in obese group while serum
adiponectin level was significantly lower in obese group compared to other two groups. hs-CRP was significantly
increased in obese group. Correlation data show that serum adiponectin level was positively correlated with serum HDL-
cholesterol level and was negatively correlated with BMI, WC, TG, LDL-cholesterol, Homa-IR, hs-CRP and leptin. In
addition, serum leptin level was positively correlated with BMI, WC, glucose, insulin, Homa-IR and hs-CRP. These
results might imply that the regulation of key adipokines such as adiponectin might be a strategy for the prevention or
treatment of obesity-associated diseases such as diabetes and CVD. (Korean J Community Nutr 16(1): 126~135, 2011)
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of eJabd 194 o] A1l A5 2 HIvk Q1+ B&-2
30.7%= FA= 35.3%, A= 25.2% = YERST 512
=8 71 (FAF 90 em o), 917k 85 cm) & sl
8¢ A= 24.5%C1™ F2F 25.4%, oA 23.2%7F H-
Byt 2 ZALE Y Ministry of Health and Welfare
2009).

HTHS- B QL AR R 7R 13k tiA) ol 7}
2 AEE ulshy A2 G, Aeh oirtol i), vE
<, HEAA LS, AR < 5 WIS AR o iy
delog dyA| 11 ‘2}‘:}( i—Sunyer 1993). A f= A

2] A E TE o FH ol A
HZAT o7l (adlpoklne)O]EF =S Fhls)
L oFo] Y&H) 7|#o 7 IR 1) vt (Funahashi 5



1999;: Galic & 2010). AgAIEA A4 3L 2w = of
FAQl ofr]EF)Rlolli= plasminogen activator inhibitor—
1(PAI-1), retinol binding protein 4 (RBP4), tumor
necrosis factor—o(TNF—a), monocyte chemoat—
tractant protein(MCP—1), 1%, interleukin—6(IL—
6), AAAH, oft] 32 vEl Fo] gltk(Bastard s 2006;
Galic & 2010).

HIWE A| AAES] Fesh S7h= Ak il Aled
o A|2HLO) WSS 7EA| o) o}t 3E7IR1S) ] oS &=
shar o] & Qlsto] A28 Wargolut e A3, A
Al Ak 53 22 Agke] o] T8k TS sk Blo
2 4HA Stk (Yamauchi 5 2001; Kumada 5 2003;
Kadowaki & Yanauchi 2005). oFE]¥7|R1& v]gko 2 5
HEE = 1 A3 2 o] 9} Ay tiifoldES oA
71 Apgake) Abstel Gefal 5 A U oluA iAol =
T3t & shth(Kim 5 2005).

e A RRA| oA 1] 5] &= o} T ZFIRIO 2 W 2] A
shf-ell 2hg-sto] A1 832d 3 o] 4] F7HE Fate] A
A A= 7= 7HaL vk (Muoio & Dohm
2002; Galic 5 2010). Z18{4 AA| vt 5225 2 do
A e FA R Y 8] fARfel Aol IA
(Clement 5 1998) &% sixlo] =55} Fo|x] v]vk g
Eo] =4 YR o (Galic 5 2010), AFES] A= 5
el w57 BMIY AXWE (Cosidine 5 1996; Kim &
2005)7} g2 Al 9o Qe A (Fasshauer
& Paschke 2003) 7= 2] "zl it wheha] Ak
o] 75 si%l B0 % nvlo] B A opuzt | 8-
A ogolt Als dgsh= AAL o]do] H|vlo] AykE o]
Zck, B3 FES TNF—o A/ 3 tiAAaEe] d3kE =
dste] A5S FH8t dd WS TV 5 vk
(Bastard & 2006). <= 70l &Jshd siglo] 9 thek
SEARMEE Sato] AgAom AP S 29T
T Sl Ao tiApAsEE R leS AR
(Galic & 2010).

o 3HELE- 231 8] A kAol A 7h ol HH|E= AL
O|EFIRIS] SR il 2 Roln dF e gEk
3~30 pg/mL FEo]1 ke 2 | A|Wdo] golxd &
= =57} 9 JebdthHulthe 5 2003; Yatagai 5
2003; Choi & 2004). B3t AJHof we} 5 ofr]rdel
S50l Zfo)7} Qlo] o2t w@ApR T f-oJ8HA| o T o]
e A ZEEE] 93 W] witoletal stk (Corbetta
5 2005). o) el 1&d W] el AHH oz
2-8-& 35} (Yamauchi 5 2001) 7+ AT} 25
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AL AbSE o AlskaL 2] o] 85 STMAA
AaA171H deks W1 (Adamezak 5 2003;
Iwashima % 2004; Ohashi 5 2006) 14|85 4l 217
3= A8l (Kumada 5 2003) A8y AekS ope 4=
= A ow LAl QU webA ot YRl o] o] vk
oA ¥k, lEd A, s s 9 AE A dg 5
o] o] S7tel= Ao ® veh tiikeSate] A2 A
EZ oJAX 11 Yt} Matsuzawa 5 2004; Ryo %5 2004).

17 C—HESA whilA (high sensitivity C—reactive
protein; hs—CRP)+ ZtellA EA3=H A 538573 1t
<ol s W EH Yol S7lsh= @izl CRPE e
9} ANEE Fo] w2 W99 CRPE 2 JUERE 54
gk 4= 9lo] mA|AFRES-2] AR A SRt o} Y
A Y g BAS oS53 e AR ol8E
Atk (Ridker 5 2003). gt APA = 55 Fdshs
Alo|EFIRl1el TNF—a9) IL—62 FH|3lal AW
77 AAE B B S i 245 FHlehd ol 2 vE
o] FHli= WY OR i) ot el EAE dyto
E 7P TNF—oell &t 95 Rkg-2 To3 A8 A =
A<l NF—kB(nuclear transcription factor kappa B)
o] &3k= JAIsh= A &S st (Ouchi 5 2000).

Engeli 5 (2003) #1731 TS tido 2 Al
T, HAGT W HTREC R L] 5 ol 2RI S] s
9} 945 A #E TNF—a, IL—6 2 hs—CRPe] #aAdS&
Ag-et Ao, FF ol 2YE Fes) ofr] X UEIS] mRNA
ol A 2|2 v vt A AT ol vlste] tiAlA
O 2 v yeRt S0 AAIZE Sl Ao =E Barsel).
1831 9} hs—CRP7} 54 0% o] Evele] Jaks v
A= Aoz et

A zAof| A 8= ofr| 271 1A FF, v|vE Y
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oJAY ol AlE J-ESaL Q= et ), HE 5 ol
ol ek gl A5 w2 o) A Ht 671 ol
= WHo] 3l A5 7IeF Agks FAA A 9ler v
GapellA A Il tg A A &2
T &M el MRt 16085 HF A= AAsigint. 2
A7 AAA G et AAGAE AT 5 A2oizt

thelw o] Q1A A9 3] (IRB; Institutional Review
Board) 2] A AAFE Faet $of] A=,

2.MHHE X A

A AZAE o] &ato] SAsaL
Inbody 720(Bio—electrical impedance
analyzer, Bio—space, Korea) & ©]&3}%] BIA Bo—
electric Impedance Analysis) WO E A5, A2 ¥
42 3] /dge] el B] (WHR; Waist/Hip Ratio)& 5
Asidct. a8l sElEeE E4 olgste] 7 7he -
S @ 9 2 cm)E 23] Wi S7dslo] Bagke ARESISITt

Yo 103 o /P AHIE FAAK F A5 |
(TM—2655P)& ol&3fo] 757] et ole] Ed& 5
ATt

AR A

fatness

3. yaret YA

AL 12403 35 Al FAs Ao mlol A Afdstgle
o], ZAe A2ox oF 1A]7F =] g% 4°C, 3,000 rpm
of| Al 20337t 4] st S FeEeiith 221, F
FUAHE, S, HDL-Fel 28 g, X=d-2> A3let
HX17] (Selectra E, Vital scientific, Netherlands)Z ©]
435to] B495191aL, LDL—Fd| 2~ H &2 Friedewald 52
(Friedewald & 1972)< o]-&3fo] AF=33itt. 5973}
3R] (AL Atherogenic Index)+= ‘Al= (total choles—
terol — HDL—cholesterol)/ HDL—cholesterol’Z 7
A 2L k) B ]t SlEe) Al
Aol olslate] Aol RATGT. AR FE S
Modular E170(Modular Analytics E170, Roche,
Germany) & o]€3t9om, oft)Tuela} el e —
counter (COBRA 5010 Quantum, Packard, USA)E
o]g3lo] =453tk hs—CRPE= AoH]ERH (Adiva 1650,
Bayer, Japan)& |83l #4191, lad A&

Ehj+= A %2 Homa—IR (homeostasis model assess—

ment for insulin resistance)& A3t} ‘Homa—IR
= fasting glucose (mmol/L) x fasting insulin (mmol/
L) / 22.5°9} o] Axlekdtt (Mattews 5 1985).

4, REEN A FHANE

TAY 2E 2}E= SAS (Statistical Analysis System
ver 9.1)& o]&-3fo] B AHelsaltt. Be S A= Bt
+ FFAAR BAE oW, BMIO w2 F 4] v
ANOVAS} Duncan's multiple range testel 2J3] 2143
= A% (p <0.05)= AASIITE A, Faevka A1,
ATAE D o) ZIRRIEZEe] A= Pearson's

correlation coefficient® A2 HZ3F ).

a4 4

1. 2N DAY MAH S W B

B ATto] g 1k 1941914 504191 160782] A3
o] J o= teknnists] opr|ot—EF YA A3 ] A=
A4=(BMI, kg/m?) ] whe} < 23.0, 23.0~24.9, = 25.0
O] Al o= o] tidate] ARk B4, dF A4, G
A A x g A9 A3 A EE vl AT BMI
22.90 o]&tl AT 301, 23.0 o1 24.9 o]}l 7}
AT 717, 25.0 o141 HlvkE 59903t tldRke]
o 2= 200 1309 (81.3%), 30tH 147 (8.8%),
40th 157 (9.4%), 50t o]%d 17 (0.6%) = thi-2] tf
2A7F 20091 Aoz ZARE Q]

ZAF aPdAke] BMIof| uhs ARk B3} AAAISA =
Table 191 #A|AI&}3ITE BMIol whe} A -0 2 LFro] Bl
st A3} AlE, S2lEdl 2 waist/hip ratiow B]TRrlA 7+
7} 71.70 kg, 83.87 cm ¥ 0.87% Ugkon A Ft
53.97 kg, 68.85 cm, 0.78R.t} #72]4 072 =] LFERLC.
] Al AAASA G B AT 2 vkl
Kol 1183

F57] At} o]ehy] dete A AlEatell Al 106.09
mmHg9} 67.59 mmHg® #AZ=7 102.55 mmHg9}H
64.08 mmHg, BWH* 106.80 mmHg®} 65.32 mmHg2}
Hlwato] ALl LRttt

2. HITHEO) M2 HFAIY U AYH YA

BMIel| wh& t’dzte] 324 9l A A Agk 3]
Ztel] tigt Av}E Table 29 AAEIGITE S22 EHE, &
‘474 9 LDL—ZIAHES Al v]vkrella] 44
Aol Bl oA o7 =9kom, HDL 28|~ H &2
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Table 1. Comparison of anthropometric characteristics and blood pressure in the subjects according to BMI

BMI (kg/m?)

<22.9 (n = 30) 23.0-249(n=71) >25.0(n = 59)
Age (years) 20.83 = 0.19'° 24,73 + 0.87° 28.31 £ 1.25°
Height (cm) 155.45 £ 5.20° 161.13 £ 0.66° 159.94 £+ 0.73%®
Weight (kQ) 53.97 £ 1.02° 62.36 + 0.56° 71.70 £ 1.24°
BMI (kg/m?) 20.86 £ 0.30° 23.99 + 0.07° 27.97 £ 0.37°
Waist? (cm) 68.85 + 0.93° 75.14 + 0.40° 83.87 + 0.92°
Waist/Hip ratio 0.78 + 0.00° 0.82 + 0.00° 0.87 £ 0.01°
Systolic BP (mmHgQ) 106.90 + 2.30™ 102.55 £ 1.09 106.80 + 1.58
Diastolic BP (mmHgQ) 67.59 = 2.05 64.08 £ 0.89 65.32 £ 1.15

1) Mean = SE, NS: not significantly different among groups
2) Waist circumference

ab,c: means with different superscript letter among groups are significantly different at p < 0.05 by Duncan's multiple range test.

Table 2. Comparison of serum lipid profiles and hs-CRP level in the subjects according to BMI

BMI (kg/m?)

<22.9(n = 30) 23.0-249(n=71) >25.0(n = 59)
Total cholesterol (mg/dL) 172.90 £ 7.73'° 186.09 + 3.31° 188.81 £+ 3.90°
Triglyceride (mg/dL) 60.11 + 3.14° 80.00 £ 4.92° 90.28 + 5.86°
HDL-cholesterol (mg/dL) 69.96 £ 2.28° 56.40 + 1,29° 51.49 + 1.52¢
LDL-cholesterol? (mg/dL) 90.92 + 7.36° 113.69 £ 3.12° 119.27 £ 3.25°
LDL/HDL ratio 1.34 = 0.11°¢ 2.12 £ 0.09° 246 £ 0.11°
Atherogenic index® 1.52 £ 0.12° 243 £ 0.11° 2.86 £ 0.15°
hs-CRP (mgy/alL) 0.17 + 0.08° 0.83 + 0.31%® 1.93 + 0.50°

1) Mean £ SE

2) LDL-cholesterol : Total cholesterol - (VLDL-cholesterol +
3) Atherogenic index :
4) hs-CRP: High sensitivity C-reactive protein

HDL-cholesterol), VLDL-cholesterol: TG / 5 by Friedwald equation
(Total cholesterol - HDL-cholesterol) / HDL-cholesterol

a,b,c: Means with different superscript lefter among groups are significantly different ot p < 0.05 by Duncan's multiple range test

A TlA 69.96 mg/dLOE FAlF 56.4 mg/dL
S HIRRE 51.49 mg/dLell HIIA f2ld 0% =] ekt
LDL/HDL ratioi= H]¥HrellA] 2.46, TllgrellA] 2.12,
83 A ZFE oA 1.34% BMI X7} SV
LDL/HDL ratio’} 42|40 & Zolx= 7 o7 epdt}.
3 SR AT vkt 2.86, IAIFTT 2.43, 71
23 A AEE 1522 gPdAke] BMI 571l whef 7214
O 7 FHNASLITAGTTL oA & A OE FAR T
AFA| oI AHPA Agh YRR dEA = hs—
CRP9] HEx= H|uktolld 2 557F 1.93 mg/dLeE &
A 0.17 mg/dLell BIsiAl 108 o) Z71skeltt. vl
7} A-S=E hs—CRP 59 S7F J57) 2

3. HOtEo| M2 %’, Cladl I olsEl MY AH
7‘/‘} gk &
= Table 39

2y

17 mmol/I1Z ZAAFTT 4.84 mmol/IHt} f-2& o2
(p < 0.05) =8t} 35 d&d 5% H|[TR~2 8.34 pU/
dLE FH%F 5.79 pU/dLECE 58 02 2=9ky1 Ak
S0 dF Qled FEE 7.45 pU/dLE 7 29 304
E9th Homa—IR% B]9RAS 1.92% A5l vlsl] -+
OH O T FE AOT AT

4400 IE g3 #ME
R ol ¥ dEl FE= 7.09 ng/mlE AT
9.71 ng/ml¥} FAE 9.60 ng/mld} Blw3iA F2) 7 o
9 YERgTH(Table 4). 22U H]wkre] el s e
15.15 ng/mlZE o)== FGA+A|Ea 9.17 ng/ml, ZA =+
9.59 ng/ml B} o) 0= =7 vhebsitt, webA d5d o}
HIUE 5Es BMIZF sobdars asiiar 99 55

= BMIF 57k 5 oAt

Ol OjC| HUIE| =
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(Table 5). %7& 0}1‘4 el

P<0.0D)$ 38Ed (r = —0.303, p < 0.01) &} 594

Table 3. Comparison of glucose, insulin, and Homa-IR in the
subjects according to BMI

BMI (kg/m?)

<229 23.0-24.9 >250

(n = 30) (n=71) (n = 59)
Glucose 484 + 008" 501 £ 005° 517 + 0.06°
(mmol/l)
Insulin (WU/dl) 7.45 + 0.54° 579 + 0.34°  8.34 + 0,58
HomaIR?  1.62 £ 0.13%® 1.30 £ 0.08° 192 + 0.14°
1) Mean £ SE

2) Homo-IR : Fasting insulin (uU/dL) x fating glucose (mmol/l) / 22.5

ab,ab : Means with different superscript letter among groups
are significantly different at p < 0.05 by Duncan's
multiple range test

Table 4. Comparison of adiponectin and leptin in the subjects
according to BMI

BMI (kg/m?)
<229 23.0-24.9 >25.0
(n = 30) (n=71) (n = 59)
Adiponectin ¢ 1 4 ngge 960 + 0.49°  7.09 + 0.40°
(ng/mli)
Lepfin 917 + 0.49° 959 + 0.48° 1515 + 0.97°
(ng/mli)
1)Mean + SE

ab: Means with different superscript letter amnong groups are
significantly different at p < 0.05 by Duncan's multiple
range test

}5 224
Q1 &2) AUAE Wolr. B A ste] ey B4

FAA(r = -0.323 p<0.01) %
LDL—ZAHZ(r = —0.187, p < 0.05) 3= 22| A+
7, HDL—Z AH = (r = 0.434, p < —0.01) 3= F
OJAQ1 ko] A E BT B3 57 (r = —0.208,
p <0.01) Hole] I (r = —0/163 p < 0.05)3E &
O] AAIAIE BT} 35 P lEdEEs BM,
g, I T w29 WAX*CQ(P <0.01) <] %
##HA), HDL -2 EHE 559 =9 33, 57]
gl o]eb7] k= o] Al E YeRIT ql&d A
g 39 Homa—IRE &35 <l&d 558 7o) BMI,
s Ed s oo AadA 53] sl Edets
(r =0.727 p < 0.01)¢] 15 Fo} EHu|u7} 1
e sk A o® F5H) S| moluA L
A5k 2J3deiAE &% hs—CRP %= BMI, &
e U Y FAAALT FHA (P <0.01) 2] 43t
¥, HDL—Ze A= (R = —210, P < 0.01) 3= 29
S HERGITE 9% 9 =% BMI(r = 0.470,
p <0.01), 3= (r = 0.455, p < 0.01) &} k<] At

AE Y1 S A8 E, LDL-ZHUAEHE, 3594,
T57] 9 &) AAIAE HERAIH

O]—I;]Elgﬂ]%_ ZE] hs—CRPﬂ— Qe %3 )o] Al AF
#A3A| F2412 Table 69 AAIEIITE oft] ¥ UlEl2 3 &
AEH = (r = —0.297 p < 0.01) 9} A& AP A%
¢l Homa—IR(r = —0.302 p < 0.01)3} F-2]A¢l 59 A+
HHAE YeRRLAL 9% A3 hs—CRP (r = —0.210,
p <0.01)8} leptin (r = —0.188, p < 0.05)T% oAl

=9 AHEAE UL 95A%] hs—CRPE &
Q& FE( =0.342, p<0.01)Y Homa—IR( =

JFI

Table 5. Pearson's correlation coefficients among anthropometric measurement, serum lipids, Homa-IR, adipokines and hs-CRP

Adiponectin Insulin Homa-IR" hs-CRP Leptin
Age -0.147 -0.152 -0.092 0.046 -0.024
Weight -0.154 0.262%* 0.289%* 0.207%** 0.47 7%
BMI -0.281%* 0.266** 0.298%** 0.302%** 0.470%*
Waist -0.303** 0.318%** 0.727%** 0.284%** 0.455%*
Waist/hip ratio —0.319%* 0.069 0.125 0.21 7% 0.254%*
Triglyceride -0.323%** 0.257*x* 0.286%** 0.226%** 0.070
Total cholesterol -0.120 -0.033 -0.003 0.073 0.173*
LDL-cholesterol -0.187* -0.025 0.004 0.107 0.199*
HDL-cholesterol 0.343** -0.179* -0.194* —0.210** -0.083
Glucose -0.118 0.156* 0.308%** 0.044 0.186*
Systolic BP -0.208%** 0.254%** 0.377** 0.136 0.185*
Diastolic BP -0.163* 0.204* 0.324** 0.028 0.149

**% 0 significantly correlated between measures af p < 0.05 and p < 0.01 by Pearson's correlation coefficient

1) Homao-IR :

fasting insulin (uU/dlL) x fating glucose (mmol/l) / 22.5
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Table 6. Pearson's correlation coefficient among leptin, adiponectin, hs-CRP and Homa-IR
Adiponectin Insulin Homa-IR" hs-CRP Leptin
Adiponectin 1.000
Insulin —0.297%* 1.000
Homa-IR —0.302%* 257 %% 1.000
hs-CRP -0.210%* 0.342%* 0.337%** 1.000
Leptin -0.188% 0.437%%* 0.457** 0.224%* 1.000

**% 1 significantly correlated between measures af p < 0.05 and p < 0.01 by Pearson's correlation coefficient

1) Homao-IR : fasting insulin (uU/dlL) x fating glucose (mmol/l) / 22.5

0.337, p < 0.01) # 4RI k2 3atAlE vept.
FA leptin EE % hs—CRPg} o] 83 =
(r =0.431, p<0.01), Homa—IR(r = 0.451, p <0.01)
I o] A R1 ke A AIHAIE el A A o= B o}
txrdel S 83 SAXE 2 HDL—Fd 2 HE v 43
“do] a1 fRlE Qe A3 O Aol szof Bk,

kr

1oz

2 ATrellx] BMIZF 25 o)/l vlvkrelA Alg, sl2lE
gl W waist/hip ratio 7} tF& T 7o B3l Fojd o=z
=431 53] waist/hip ratio”} 81 0.87=2 WHO (World
Health Organization 1998) 2] tjAlSS1 FHek7] 5ol A]
ERHEE7]E1 0.85 ooz vsttl. ey vlvkre] 3
7 SlElEds 83.87cmE 2 f-2lue) B nint FelE
g 7] 85 cm(Ministry of Health and Welfare,
2008) °lli= ¥k mx]=] Z3813ict.

HIRES 3189t Axdo] Jlar A ZF A8 T71e ©
F o] S oln] &Rl Aot (Hsueh &
Buchanan 1994). 72t} 2 A tdzte] ke 292
H|vkre] =571 9l o]¢hy] ot 4|7} A/ 9ol 313
o} o= BHIREET) 575 o] Ak e A
(Mallamaci % 2002; Adamczak 5 2003) 3= ge] 2
AreM= =k 47 #deliA] 160 mmHg/100 mmHg
ool a St AL -5 T AR A A2 A B]vE
2] FHat BMI 47} &5 A5l vls) A4 o= 5]
wjizolebal AzbElnt, BiRk Al 5 oft] Y w27} At
Qlofl vlaf w2 F2|E Holal ™SS 7H Ab-Ee AlA
T 55 Bt (Adamcezak 5 2003; Iwashima &
2004). & A7 Aol M = ofr] 2Rl Fieof 5] It
gl o]¢k7] "o {2l ARl 52 AHIAIE Kol n|vto R

%

Q15 THGHE ofelLUE 51e0] 98]

p

=

AL = =
AR
2 QA A3} wjRkreld] SZelaHE, S04 9 LDL-

FZHAHE FH7) FoF 07 =1 A A3k 9l
A2 427 LDL/HDL ratio®} 974818 2|57} #-2]
Ao % A VR vlvte] Al Y vl s
7332 f13le] Hrhs the A2l 47} (Lee & Kim 2010)
9} Ax|sh= Zl o7 AYzieET) ey vt Hek A X
A Fe B 7Sl gl e ol wdat AR 9k
of| A Ay eAfo 1 Y SR A eJste] vlwA]
7S MRS o2 a19l7] Wit o & AlR ).
AR Al S7Feh Ada A3k 2S5 5 )
= A2 hs—CRP2] FEk HIRkrelA] A Al v
3lo] 108l oV T71etelct. v+ 3] (American Heart
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ahH 0.1 mg/dL mIRIR1 9= A v gke] #2913 (low
hs—CRP), 0.1~0.3 mg/dL2 $5% 99 (Intermediate
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oNAN it AT E s 283 AlFS A sk o
-5 sl AR SRl JEke Tl S
= AAskaL wRAAIE SSAFI O R oUA Al E
A1t (Muoio & Dohn 2002; Rahmouni & Haynes
2004; Kéner %5 2007). T3 Ele dast 53
(Considine & 1996)& S7H 7= & it} sidle]
gk - 2; EAHo 7k sV |l =E-A]|of] o] o]
oAl Felof| tish vizio] Wolx] HE w27t A2
A &2 07 A S F7IA BNk ek o2 A
Z+EtH(Clement 5 1998; Steinberg 5 2002; Galic £
2010). Heymsfield 5(1999) 2 recombinant =H&l-S
g Fo s uf oA AFHE oA AT 7%
Ot oA Al 7| EoiAbkell= ®E §llthal gk

TSl 3 Lol A I recombinant HES Fo S o 4]
£ Ao oy &bl F7HA71A] skt
(Westerterp—Plantenga % 2001). o] ¢ :€12] %3}
dol Ao ® GAdo] E IS5 oA dolds omgt
th 53] 5349 19 A3 F ol A v vleRleAA
IA 2o)5 FFYS v oWt} (Steinberg & Dyck
2000; Steinberg %5 2004). ¥ ¢1toflA Qe A}
2El olt]FuEl hs—CRP 25 22l AHiAdo] Qlglar
71 FollA #E FE (e = 0.451, p < 0.01) 2k] Ao
7P =9k

o e v el T O E AT
w3} ofr] FdlEl 9l IR ko] NS FARSE AelM e
Felo] Frt Asebd Qade] Mert AagE Kol
Fol ¥ A5-9] A}l FAFekATH Gannage—Yared &
2006).

ot Ulel e =7 X|WlFZ of|A] Bu|E] o] gallof a3}
= Z13 g% ghlzloltl, Motoshima 5 (2002)& v]2k
Tt =2 AR S WA oA o] 9|l Fa) )
28-S ST Ay vinkro|A] ol ZulEl

7} FF o7 TR F ol vl v o2 el
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S UASE, A28 Jay 9 A d dEks w
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Ehjo] A A0 M-S AR Sk vk (Ahn &
2008).

o] A3 A4S &8l 5 ot 2R oA
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= Ui W A A Aol 571291 Q1xkglo]
w515t (Berg 5 2001; Matsubara & 2002; Matsu—
zawa 2010). ¥ AGM T G5 ot E I e] FLrt ub
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}(Jo & Baek 2006). Hulver 5 (2002) 2] A=
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Slar ol WEl F57) 46% SV Elekar e, Bk 2
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