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The Relation of Serum Adiponectin and Resistin Concentrations with
Metabolic Risk Factors
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ABSTRACT

Background: Adiponectin is a fat cell-secreted cytokine, which has been reported to improve insulin
sensitivity and have antiatherogenic properties. However, it is still unclear whether resistin plays a significant
role in the development of insulin resistance in humans. The aim of this study was to investigate the
relationship of the adiponectin and resistin concentrations with insulin resistance, metabolic markers and
adiposity in healthy and type 2 diabetic subjects.

Methods: Eighty-three type 2 diabetic and 139 healthy subjects were studied. Blood samples were drawn
after fasting to determine the fasting plasma glucose, insulin, resistin, adiponectin, total cholesterol, triglyceride
and HDL-cholesterol levels. The subcutaneous and visceral fat areas were measured at the umbilical level
using computed tomography.

Results: The serum adiponectin concentrations were significantly lower in the diabetic (6.7 £ 2.3 ug/mL)
than in the obese (8.2 + 2.4 ug/mL, P <0.01) and non-obese subjects (9.9 + 4.5 ug/mL, P <0.01). The serum
resistin concentrations were Similar between the non-obese, obese and type 2 diabetic subjects. From a
multiple regression analysis, the fasting glucose, HDL-cholesterol and HOMA-IR were found to be
independent determinants of the log of the adiponectin level in the diabetes group. In healthy subjects, the
gender, BMI, HOMA-IR, visceral fat area and HDL-cholesterol were associated with the log of the
adiponectin level. However, the log of the resistin level was not associated with the markers of insulin
resistance and obesity.

Conclusion: This study showed that the serum adiponectin concentration was closely related to the insulin
resistance marker in both healthy and type 2 diabetic subjects. However, the resistin concentration was not

associated with the markers of insulin resistance and/or obesity (J Kor Soc Endocrinol 20:444~451, 2005).
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20031 5UFE] 2004 5Y7HA] FrEAI N HiEIW
Soll g1t A 23 Pur BAe} ARAAAAENE HE
YA o elgich wMEe ARFAGTL 25
ke/m” o291 795 AdielglT, BT AR e
7R sAkE olgEle A8l thiazolidinediones (TZDs)
Alde] oFes Adshe 75 Alefsliich. w3k Ak
F7} 25 kg/m® vlgkelwlA] o2 Aglo] gl A7t 95
izt (ruehh o2 AAsielc. g4 Aol sk 739
U A71s Ak EA Zaleteld > 1.3 mg/dL), 171 el
(alanine aminotransferase[ALT], aspartate aminotransferase
[AST], % el X7} 84 d3kx|] 2n) o)), 318
sk (83t >140/90 mmHg = &8sk oF 58 ), 94
A B A (New York Heart Association class III ¥ IV) 5
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24| (visceral fat vs. subcutaneous fat area ratio, VSR)E

A9k

2) SHZHAL
EE W2 104171 F43 Aol 35389,

h=4
FTUE, FHAY, TREATY FoLHEE 54
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9337, HOMA-IR (Homeostasis model assessment of insu-
lin resistance)< HEA] ¢l&E®l EFE (IU/mL)x3Edd
(mmol/L)/22.52 Zelste). ek IS 80 CollA Bk
% enzyme-linked immunosorbent assay (Komed, Korea)
Yo ofelZulels) disle ZAsigieh obrl Eujgle)
intra-assay HEAFTE 2.72%, inter-assay B EAKE 4.63%;
IR 2619 intra-assay HEAK~= 3.73%, inter-assay H5-
ARG 5.6% 120k
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A9l 242 SPSS 10.0 (SPSS Inc, Chicago, Tlli-
nois, USA)E ol8sl9la, BE 247k ¥ + F73%
2 ZARIgIEE Al #7ke] vlZE One-way ANOVAE A}
8519131, Scheffe’s A v]EAS Aedsigich. &4 o}
vzl 9l gz 2gld} ok wgeete] AshAle slofs
ABEAE ol 839l ol |l A 2"el 71t
FEe T IAE Z719I8l cE3] 714 (entered multi-
ple linear regression)e Ale¥slrt. EAKQ Folam

PZko] 0.05W|RFeE sl3irt

RIS =T, vivhE: B JiTo® vbre] sl
S A AEAES vlazsigick kIS ¥ 222
] o]aL FFAE 40 + 1164190 FiollA] S 49
+ 122412 71 =gkonm Ha Jdav)7ke 4.3 £ 1.81d0]
ek ZrellA] dATA vlE visssislen, Al 28 i
WEA= A ARG} 25.7 + 3.7 kg/m’ & B]THE2] 29.0
+3.3 kg/m’ W} ggkon} updAmlyslsiA vl 0.6 +
028 23le] oA WA wuk 4738 Holrt
(Table 1)
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Table 1. Baseline Characteristics of Study Subjects

Non-diabetic subjects Diabetic

Parameters K

Nonobese Obese subjects
Number (man/women) 55 (19/36) 84 (27/57) 83(30/53)
Age (years) 37.3+10.3 358+ 122 49.5 + 12.2%"
Systolic BP (mmHg) 112.6 £23.3 124.4 + 12.1% 126.7 + 15.3*
Diastolic BP (mmHg) 70.1 £ 16.7 744 +£93 79.3 £ 11.1
BMI (kg/m®) 21.8+1.8 29.0 + 3.3 25.7 +3.7%"
Waist circumference (cm) 81972 93.5 + 8.7* 91.8 £9.3*
Fat mass (kg) 139 +3.7 26.4 +7.3% 21.0 £5.4*
SC fat area (cm) 185.5 £33.3 307.9 £ 93.0% 1983 + 82.5
Visceral fat area (sz) 395+173 76.8 £37.6 101.1 + 39.3**
VSR 02+0.1 03+0.1 0.6 + 0.2+"
Total cholesterol (mg/dL) 172.2 £ 28.8 190.4 + 342 207.9 +39.1*"
Triglyceride (mg/dL) 83.4 £51.5 126.8 £ 78.7 172.2 + 83.4*
HDL-cholesterol (mg/dL) 619+ 172 63.5 +20.2 61.2 +20.3
HOMA-IR 13405 24+13 32423+
Fasting plasma glucose (mg/dL) 919 +83 95.6 + 8.8 149.7 + 48.7%"
HbAlc (%) 79+1.5
Plasma insulin (uU/mL) 5623 99+53 8.3 + 5.4+
Free fatty acid (uEq/dL) 457.2 +205.2 516.6 + 246.6 647.4 + 3347
Uric acid (mg/dL) 43+1.6 47 +1.6 45+14

Results are expressed as the mean £ SD. *P <0.01 versus nonobese subjects; TP <0.01 versus obese subjects;

¥ P <0.05 versus obese subjects. BMI: Body mass index, SC fat area: subcutaneous fat area, VSR: visceral fat vs.

subcutaneous fat area ratio, HOMA-IR: homeostasis model assessment of insulin resistance.
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Fig. 1. Serum adiponectin concentrations in non-obese, obese,
and type 2 diabetic subjects. Serum adiponectin conc-
entrations were significantly lowered in diabetic subj-
ects than non-diabetic subjects. Non-obese non-diab-
etic subjects showed higher adiponectin concentrations
than those of obese subjects. * P <0.05, ** P <0.01

2. MACHAZ0IA 28 OfCIZHEIRt XA
9| Hlw

g ol Euel e Wi 6.7 +2.3 pg/mL, BHTHE 8.2
+ 2.4 pg/mL B tZT 9.9 + 4.5 pg/mLE FagollA] 713
g tizaelld 7P =9kem, Zh FollA] Qw9 Kol
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Fig. 2. Serum resistin concentrations in non-obese, obese, and
type 2 diabetic subjects. Serum resistin concentrations
were not different among non-obese, obese, and type
2 diabetic subjects.

ng/mL, HWHE 4.6 + 2.8 ng/mL, ZT 6.0 + 4.3 ng/mL
o7 7} ol uiglE Hel7h §igicl (Fig. 2).

3. €& OICIZHEIn} CHAtY USRIl M2

Fax)3kE ¥4 o] 2dlel > HAgAAlA] o], 4
W gpgNe BARE 52789} (1 = -0.169, P < 0.05),
fat mass (r = -0.299, P < 0.05), S-S ARMAA (r = -0.413,
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Table 2. Multiple Regression Analysis of Anthropometric, Metabolic Factors as Predictors of Serum Adipo-

nectin Levels

Diabetes subjects

Non-diabetes subjects

Variables
Beta P value Beta P value

Age 5.64E-02 ns -1.67E-02 ns
Gender -1.37 ns 2.51 <0.01
Systolic BP -8.42E-02 ns 1.52E-02 ns
Diastolic BP 7.91E-02 ns 2.48E-02 ns
BMI 5.19E-02 ns -0.231 <0.01
SC fat area -3.22E-03 ns -1.55E-04 ns
Visceral fat area -2.05E-02 ns -3.16E-02 <0.05
Total cholesterol -1.08E-03 ns -1.65E-02 ns
Triglyceride 4.43E-04 ns 1.37E-03 ns
HDL-cholesterol 0.13 <0.05 4.61E-02 <0.05
Fasting glucose -2.63E-02 <0.05 -6.57E-02 ns
HOMA-IR -0.232 <0.05 -0.549 <0.05

BMI: Body mass index, SC fat area: subcutaneous fat area, HOMA-IR: homeostasis model assessment of insulin resistance.

total r=0.273, p=0.02
* man

"women

HOMA-IR
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Fig. 3. Association between logarithmically transformed adiponectin concentrations and HOMA-IR (A) or BMI (B) in all subjects.

There were negative correlations between HOMA-IR, BMI, and log adiponectin. Correlation coefficients and P values

were calculated by Pearson correlation.
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Fig. 4. Association between logarithmically transformed resistin concentrations and HOMA-IR (A) or BMI (B) in all subjects.

There were no correlations between HOMA-IR, BMI, and log resistin. Correlation coefficients and P values were

calculated by Pearson correlation.
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Table 3. Multiple Regression Analysis of Anthropometric, Metabolic Factors as Predictors of Serum Resistin

Levels
Variables Diabetes subjects Non-diabetes subjects
Beta P value Beta P value

Age 3.78E-02 ns 1.67E-02 ns
Gender -2.40 <0.01 -1.01 ns
Systolic BP 6.46E-02 ns 5.09E-02 ns
Diastolic BP -0.10 ns -9.09E-02 ns
BMI 1.61E-02 ns -0.138 ns
SC fat area 9.14E-03 ns 4.31E-04 ns
Visceral fat area -2.84E-02 ns -2.76E-02 ns
Total cholesterol 1.80E-02 ns -6.32E-03 ns
Triglyceride -5.14E-03 ns -1.69E-03 ns
HDL-cholesterol -4.09-02 ns -2.17E-02 ns
Fasting glucose -1.09E-02 ns -1.53E-02 ns
HOMA-IR 1.08 ns 2.34 ns

BMI: Body mass index, SC fat area: subcutaneous fat area, HOMA-IR: homeostasis model assessment of insulin resistance

P<0.01), Z8ED(r=-0.285 P<0.05), SAAY =
-0.352, P<0.001), AUE ZH=EE (r=-0.184, P<0.05),
HOMA-IR (r = -0.273, P < 0.05), AR (r = -0.224, P
<005 39| 4H/AE HIAI (Fig. 3), el
B (r=0.324, P<0.00)I= k] ASaAIE Bk

3R daaelde 35389, HOMA-IR, &L
e FeEldlEge], ndngolis A, AdEAE 553
WAAEA, s ZHEl2EHlE 2 HOMA-IR®] 5514
o F olt|FulEle|| gk wX|= WE UERITh (Table
2).

U

=
(=]

4. 83 Y XA} CHAIM 2

2ax3kE G A" FAERARIA] Lo, A,
daeTs BARe us el AEE (r=-0.193, P<
0.05)7 &2 AAAAS Hylor A FAS, HOMA-IR
S ARRAIE HolA kit (Fig. 4). vhgs]FEAlell
A= Gl Awnte] eu|9iA] oJgkS uIX]& WA
om, H|dEFolE A=A, HOMA-IRS

ol e XA o=

ST

CIXIQO| Al

gl
BEE W

Ao g2 e} (Table 3).

il

M2k

Az21L wkes] olode] oUAE ARt Akart
ohe} AAIE 28] EAEE BHlsted QlEwl #ga
AR Rershr oA, W7l dsnks, EabHa) Eqkg
A 9 AA7s SOl Fedt AL slar e WS
oz AEA A= UeH12]. o]HA] AAIZEAA] ]
e SAES olEvRIeolEla st tEAQ] ol E
lelo 2= e (leptin), %] AF1A}-q (tumor necrosis

factor-a, TNF-a), o}t]EWEl  ©lE]$71-6 (interleukin-6),

F-2]AHHAL, plasminogen activator inhibitor-1, #A| X%l 5

o] glek

5 GF o Tl st Fasshe A oFF 7ol
S| gkort TNF-a9f 22 E4ell o3k AAE-go] <
< 7oz AzEla QleH13]. B3 Qa7 ARAle]
71 ARE FxrEsielA e ofrEdidle] Zhaw]
olgen Q4w 7HtaFe] shiQl TZDs A4 olelE
delo] S7bsl=d] o= obEdRl F7Alel] peroxisome
proliferators-activated receptor response element (PPRE)7}
ZAslo] PPAR-vY agonistQ! TZDsell 2J3l o] Eulgle]
promoter activity, mRNARH, 5557} Zsl= Zle
2 A Sleh14,15]. ot Eulele) dle Zulazie] 714
= 7 5ol AR 2Rgsto] dad AHE MAATIE
Ao FEEH[16~18], 7Fsdt 7Rz Wt T5ollA
adenosine monophosphate-activated protein kinase (AMP
kinase) & #4d3)s}o] acetyl CoA carboxylase (ACC)E <
Aol A ABHE FXlskar 7he] 2 Al w4l
phosphoenolpyruvate carboxykinase2} glucose-6-phosphat-
ase®] HHAS olARkelE Ao] AXET ek gl Aol
SalsAgke] RS SRR tiFE T

gl 5194 AdeAl, Jud Saks FellA
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of ZMIRl-2- vo], A, T W% & S|
WhH 2 (1=-0.413), BMI (r=-0.224), HOMA-IR (r=-0.273),
FAAY (r=-0.594)57 e 2] AWHAlE,
5= ZHIZEE (1=0.442) T oFo AAlE VeRcE
o] thg3l|FEAeAE Biagdt vy ErellA <l
2 AdA9] #13E9 HOMA-IRe] 53z og &3 of
e} AALE vEeblek Nishizawa 5{19]2 A3 2
Eo| ol ZullEle]] mX|= oJeke Hasigied], WAl A
T odAoll wlall BT olEdlel Firt sl U
androgen®] of]Eulgle] ZhAE fHbslar o] 213l WA
oA Fizrd 3l AdakAgto] ool vlsl Frksh= ol
9 shvtE Awsigict B oA Fanfrell dglo]
ol AdelA] g Het =2 ol el X5 VERHCH (8.0 +
3.4 ug/mL vs 6.9 + 3.1 pg/mL).

3P Steppan[7] -5l B[uHE HollA] dF A2 F=
7} 7Rl QA Qs Aol Sle A FollAl allxl~
S L B N e RS e B L ) A | M B
of] gJel] &Ao] ¥l S Harslod, #X|xElo] ulukz} ol
A AT E AR AztEo] ghet. ey o]
o] Kol #A A T} Qg T JAP AE A
Hk S Hola glrh8~11,20]. =lellA] #A 2l
g7l AT IAIE A7 HaE A EE, #21]
o RNl vlEl ARE 2 FlellA B alA~El
o] Z713l 9ot mluke] A1} HOMA-IRZ} AhtAlE
HolA] okokrkar slgick w3t A22] 55 Al 23 dast
Aof|A] Rosiglitazones 67149 AR89t ol &5 x|~
glo] zhasiglon), #x|x¥lo] Hlvtoll}l HOMA-IRZN=
Ao] Fo& Harslgleh B odellA= &A #lx|=glo]
HlehE, iz, aela ARy BirollA ougle Xlol&
UehHA] okl B3t o3l AellA] dlx] 2’7 HO-
MA-IR, AAFAF, SRANHA G AAlE Kol
A bobA] Qlawl At dx|klo] AbiAPE gle
HolFolr) dRsele ARllld F2 uarAESe] 9%
AlZollA] F2 %] 31[23~26], &7 Ao vkt
o] e AAZelA = AA| W=7 uiifel] TR
dollAl 9] #Ix|2~Ele] AeFhe s Ao FEE A gk
3]Zoll Reilly[27] o Biz-f-roll Ad3igle] €5 A=
o] @FTIEAA B WFEW A3|siel AAIE Ko
C-reactive protein?} F-ZkslA] F473381=0l4 9] AZAE
9] 7hsAdel 5 Harslodrk whi ellx]2Elo] adiposity
oF Qe AT IS HolA] g5 Harslad
=8

B dte] AR, ATtk 7t Aar Dol
Aol vlall Aglo] Eokem A% oAl S wE E5s
2] ¢ek7] wiiiell o|Zle] Aol FekE wiHE 7FsAdol

Siehe Aelek

ZAEHOF B Ao EF ol TRl lswl A9t
Ao] she v FangollA] thztell vlsl] ZHaz=lo] 3l
om, il Agle] HOMA-IR©] o] Zulgef] o
S nxE S99 HEE Yepd] ofol] vl "% #|
A28 ARzl 2] oles Zlel7} glodem, Qlasl A%
Aoy HRa|a) 22 adiposity § £ FFHIAIE Ho|

A gEgket.

OITHHA: op el wRk 6l QlEwl
om, diitel, A5, FSE S SHHY
IS Hole Zor U#A Slek ofelbzl] AlgtellA] @
Azrle] Aeld Aol tielixls oA THEIA] ok
delfolet. olel] & adeld= Bt ARY gk
oll4] opr| il gl slxlx=gla} g7l A&, adiposity,
A 1A Skl BRIAlel el okarzt sigivk

W 2 e ARIAE S e 8392 29
Fargsiatel 13999 A4S tidem whi® d7E
Algslgict. thdQlEel 71, Ag, ARSRE A8l
< FEl=ElE, SAAY, aEE A ZElEE S,
ol xdle 9l #Aadls A Ed] AL &
5 dEsld d9E 343 HOMA-IRY 2 ARl
SRS slo] SRR} WA

A

Zah: of el ol 7Pt dar tizellA
TollA SJu|9lE XolE Hck ofdl] vt
3l BA =S 7 FollA] vl X)E vERel 21 of
Yz o], AW, dufFE 8% & F3718qt
(r=-0.169, P < 0.05), ARG (r = -0.224, P < 0.05), &
AR E A (r = -0.413, P<0.001), ZEE(r=-0.285,
P <0.05), HOMA-IR (r = -0.273, P <0.05), =AA4(r =
-0.352, P<0.001), AL%E ZEl=HIE ( =-0.184, P<0.05)
7 3o AWIAIE Hda, aEE FuElAE1E (= 0.324,
P<0.00)T= e AHAAE Hedck o3 EAd
FhaolAE FEEY HOMA-R 9 wd% Fd|2~eE
o], HlFnTolld= A, AR SRR,
HOMA-IR ¥ 3% Fa|zHlEo] S3% o7 dF ol
FHlE] Fiof] S vXE ZoF Uil oloks
2 gRA2Ee % FEl4E1E (r=-0.193, P<0.05)
7 3o AIAIAIE BEolow AEZEAT, HOMA-IRG
T WIS HolA oiskck

AE: dF oyl Jhfret Adgle] dE7IA
9] A EQ] HOMA-IRZ} 52 A& vebon, &
A=wl AEAAA 9 v Ee} FHAIE VeR)

- 449 -



— ehpEa|eks]R): A 20 A

= U

ror

1. Tsao TS, Lodish HF, Freubis J: ACRP30, a new hor-
mone controlling fat and glucose metabolism. Eur J
Pharmacol 440:213-221, 2002

2. Weyer C, Funahashi T, Tanaka S, Hotta K, Matsu-
zawa Y, Pratley RE, Tataranni PA: Hypoadiponect-
inemia in obesity and type 2 diabetes: close assoc-
iation with insulin resistance and hyperinsulinemia. J
Clin endocrinol Metab 86:1930-1935, 2001

3. Cnop M, Havel PJ, Utzschneider KM, Carr DB, Sinha
MK, Boyko EJ, Retzlaff BM, Knopp RH, Brunzell
JD, Kahn SE: Relationship of adiponectin to body fat
distribution, insulin sensitivity and plasma lipoprot-
eins: evidence for independent roles of age and sex.
Diabetologia 46:459-469, 2003

4. Hotta K, Funahashi T, Arita Y, Takahashi M, Mat-
suda M, Okamoto Y, Iwahashi H, Kuriyama H, Ouchi
N, Maeda K, Nishida M, Kihara S, Sakai N,
Nakajima T, Hasegawa K, Muraguchi M, Ohmoto Y,
Nakamura T, Yamashita S, Hanafusa T, Matsuzawa
Y: Plasma concentrations of a novel, adipose-specific
protein, adiponectin, in type 2 diabetic patients. Arter-
ioscler Thromb Vasc Biol 20:1595-1599, 2000

5. Mallamaci F, Zoccali C, Cuzzola F, Tripepi G, Cutr-
upi S, Parlongo S, Tanaka S, Ouchi N, Kihara S,
Funahashi T, Matsuzawa Y: Adiponectin in essential
hypertension. J Nephrol 15:507-511, 2002

6. Kumada M, Kihara S, Sumitsuji S, Kawamoto T, Mat-
sumoto S, Ouchi N, Arita Y, Okamoto Y, Shimomura
I, Hiraoka H, Nakamura T, Funahashi T, Matsuzawa
Y: Osaka CAD Study Group. Coronary artery disease:
Association of hypoadiponectinemia with coronary
artery disease in men. Arterioscler Thromb Vasc Biol
23:85-89, 2003

7. Steppan CM, Bailey ST, Bhat S, Brown EJ, Banerjee
RR, Wright CM, Patel HR, Ahima RS, Lazar MA:
The hormone resistin link obesity to diabetes. Nature
409:307-312, 2001

8. Mcternan CL, Mcternan PG, Harte AL, Levick PL,
Barnett AH, Kumar S: Resistin, central obesity, and
type 2 diabetes. Lancet 259:46-47, 2002

9. Kim KH, Lee K, Moon YS, Sul HS: A cystein-rich
adipose tissue-specific secretory factors inhibits adi-
pocyte differentiation. J Biol Chem 276:11252-11256,
2001

10.

11.

12.

13.

14.

15.

16.

17.

18.

- 450 -

A5 % 2005 —

Way JM, Gorgun CZ, Tong Q, Uysal KT, Brown KK,
Harrington WW, Oliver JR, Wilson TM, Kliewer SA,
Hotamisligil GS: Adipose tissue resistin expression is
severly suppressed in obesity and stimulated by per-
oxisome proliferators-activated receptor a agonists. J
Biol Chem 276:25651-25653, 2001

Savage DB, Sewter CP, Klenk ES, Segal DG, Vidal-
Puig A, Considine RV, Orahilly S: Resistin/Fizz3
expression in relation to obesity and peroxisome pro-
liferator-activated receptor- an action in human. Dia-
betes 50:2199-2202, 2001

Ahima RS, Flier JS: Adipose tissue as an endocrine
organ. Trends Endocrinol Metab 11:327-332, 2000
Maeda N, Takahashi M, Funahashi T, Kihara S, Nis-
hizawa H, Kishida K, Nagaretani H, Matsuda M,
Komuro R, Ouchi N, Kuriyama H, Hotta K, Nakam-
ura T, Shimomura I, Matsuzawa Y: PPARgamma
ligands increase expression and plasma concentrations
of adiponectin, an adipose-derived protein. Diabetes
50:2094-2099, 2001

Phillips SA, Ciaraldi TP, Kong AP, Bandukwala R,
Aroda V, Carter L, Baxi S, Mudaliar SR, Henry RR:
Modulation of circulating and adipose tissue adipon-
ectin levels by antidiabetic therapy. Diabetes 52:667-
674, 2003

Combs TP, Wagner JA, Berger J, Doebber T, Wang
WIJ, Zhang BB, Tanen M, Berg AH, O’Rahilly S,
Savage DB, Chatterjee K, Weiss S, Larson PJ,
Gottesdiener KM, Gertz BJ, Charron MJ, Scherer PE,
Moller DE: Induction of adipocyte complement-related
protein of 30kilodaltons by PPARgamma agonists: a
potential mechanism of insulin sensitization. Endocr-
ionology 143:998-1007, 2002

Berg AH, Combs TP, Du X, Brownlee M, Scherer
PE: The adipocyte-secreted protein Acrp30 enhances
hepatic insulin action. Nat Med 7:947-953, 2001
Fruebis J, Tsao TS, Javorschi S, Ebbets-Reed D, Eri-
ckson MR, Yen FT, Bihain BE, Lodish HF: Proteo-
Iytic cleavage product of 30-kDa adipocyte comple-
ment-related protein increases fatty acid oxidation in
muscle and causes weight loss in mice. Proc Natl
Acad Sci U S A 98:2005-2010, 2001

Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota
N, Hara K, Mori Y, Ide T, Murakami K, Tsuboyama-
Kasaoka N, Ezaki O, Akanuma Y, Gavrillova O,
Vinson C, Reitman ML, Kagechika H, Shudo K,



19.

20.

21.

22.

— A 9] 291 T o Xl Bl aXARl FEe g slddAele] kA

Yoda M, Nakano Y, Tobe K, Nagai R, Kimura S,
Tomita M, Froguel P, Kadowaki T: The fat-derived
hormone adiponectin reverses insulin resistance asso-
ciated with both lipoatrophy and obesity. Nat Med 7:
941-946, 2001

Nishizawa T, Shimomura I, Kishida K, Maeda N, Kur-
iyama H, Nagaretani H, Matsuda M, Kondo H,
Furuyama N, Kihara S, Nakamura T, Tochino Y,
funahashi T, Matsuzawa Y: Androgens decrease pla-
sma adiponectin, an insulin-sensitizing adipocyte der-
ived protein. Diabetes 51:2734-2741, 2002

Lee JH, Chan JL, Yiannakouris N, Kontogianni M, Est-
rada E, Seip R, Orlova C, Mantzoros C: Circulating
Resistin Levels Are Not Associated with Obesity or
Insulin Resistance in Humans and Are Not Regulated
by Fasting or Leptin Administration: Cross-Sectional
and Interventional Studies in Normal, Insulin Resist-
ant, and Diabetic Subjects. J Clin Endocrinol Metab
88:4848-4856, 2003

Youn BS, Yu KY, Park HJ, Lee NS, Min SS, Youn
MY, Cho YM, Park YJ, Kim SY, Lee HK, Park KS:
Plasma resistin concentrations measured by enzyme-
linked immunosorbent assay using a newly developed
monoclonal antibody are elevated in individuals with
type 2 diabetes mellitus. J Clin Endocrinol Metab 89:
150-156, 2004

Jung HS, Youn BS, Cho YM, Yu KY, Park HJ, Shin

23.

24.

25.

26.

27.

- 451 -

CS, Kim SY, Lee HK, Park KS: The effects of rosig-
litazone and metformin on the plasma concentrations
of resistin in patients with type 2 diabetes mellitus.
Metabolism 54:314-320, 2005

Fami JN, Cheema PS, Bahouth SW, Lloyd Hiler M:
Resistin release by human adipose tissue explants in
primary culture. Biochem Biophys Res Commun 300:
674-678, 2003

Yang RZ, Huang Q, Xu A, McLenithan JC, Eisen JA,
Shuldiner AR, Alkan S, Gong DW, eison JA: Comp-
arative studies of resistin expression and phylogeno-
mics in human and mouse. Biochem Biophys Res
Commun 310:927-935, 2003

Patel L, Buckels AC, Kinghorn 1J, Murdock PR, Hol-
brook JD, Plumpton C, Macphee CH, Smith SA:
Resistin is expressed in human macrophages and
directly regulated by PPAR gamma activators. Bio-
chem Biophys Res Commun 300:472-276, 2003
Kaser S, Kase A, Sandhofer A, Ebenbichler CF, Tilg
H, Patsch JR: Resistin messenger-RNA expression is
increased by proinflammatory cytokines in vitro. Bio-
chem Biophys Res Commun 309:286-290, 2003
Reilly MP, Lehrke M, Wolfe ML, Rohatgi A, Lazar
MA, Rader DIJ: Resistin is an inflammatory markers
of atherosclerosis in humans. Circulation 111:932-
939, 2005





