g RsEs]| A A 15 A A 3 & 2006 s

R=)
I-'EI
H
=2
£
i
ﬂ
o3l
= .
o
=,
5=
N

CEELSIPEE LR EAINE RS ER EESS

Pancreas fS-Cell Function Impaired in Obese Normal Young Adults

Suk Chon™", Sang Youl Rhee’, Seungjoon Oh™", Sung-Woon Kim"™, Jin-Woo Kim""*,

Young Seol Kim™, Jeong-taek Woo

Department of Endocrinology and Metabolism”, Research Institute of Endocrinologyw,
School of Medicine, Kyung Hee University

o oF
i =

oI ER &gl FAIE A8l AFe] S71 Alelle APdellA ledie] B a7t Sviskcka geA
Ak FEUERe] A9 ARY P AoR YR Qo] Bt Fasgh Weles g Ao=R
AZTE, G oo A ddlgs DAl el Euley Hel 9 vigke] Q&Y ERlEol vxe FEkl
gk J7e FE3 Adeolth

g g Wgo] gle digS Ve R A7 I3 e A 3 vie BRgIrEe R g
S ERSITE HIRke] 71EL opxlol eE VIS AESTh AduEES Bl 117HE te=E <l
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(Disposition Index : AIR x WBISI), AIR/ZHOMARES ZA3}3Ch
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2 ZugRlA F7FI o Hivkrol A Akt (P = 0.055).
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offy, T 20053 1= ES] (American Diabetes
Association, ADA)SIA] AAIZE 7] wWel o3 2ol
SR

* ADAS] R} ol 7)

- 38 84 ¥ < 100 mg/dL: F4 FEET (NFG)
100~125 mg/dL: %ﬁ FOH (IFG)
- B3 2A7 @YEET < 140 me/dL: A 141 % (NGT)

- 3EYE I= > 126 mg/dL
T gt AR @ > 200 rrg/dL =4 (DM)
O

FolHA] A4 WS
(NFG/NGT)°IH, &5 €3 PoH?L (IFG), WA T
(IGT), B3 83l (IFG + IGT. Combined Glucose
Intolerance, CGI), =T ODM)CZ FE3F 4=

w

) Astst 3 LHEH| AAL

A ¥ hexokinase' o2 AFsEA17| (Hitachi,
Tokyo, Japan)Z 78381, & A& INSULIN
-RIABEAD™II (SRL, Tokyo, Japan), C-3JE]= C-peptide
Kit “Daiichi” III (SRL, Tokyo, Japan)E A3l IRMA

Mo Zysgc

m?&

HOMAR (homeostasis model
Agalgon e ¥

assessment of insulin resistance)E

42 olgsigck

FPI (uU/mL) x FPG (mmol/L)/22.5
FPI (uU/mL) x FPG (mg/dL)/405
* (FPI = Fasting Plasma Insulin, Fasting Plasma Glucose = FPG)

HOMAR

74/3¢] A F= Matsuda®} DeFronzo'” ol ]3|
I/ =2 o] FTHE Whole
Body Insulin Sensitivity Index (WBIS)E AFE-3}%]om
U S oSl

10,000

WBISI =
V/[FPG % FPI (uUfmL) x mean OGTTglucose * meanOGTT insulin]

*Insulin (uU/mL), Glucose (mg/dL)

(3) HEHIE 7159 A%
HEFA| 2] %7] E¥)55 (1% phase insulin response) #|

AAL 0FllA 30271X]e] ¥ st
gk Sl W] HIE 8% 34 USRS (Acute
Insulin Response, AIR)= ARESIATE HgE dF wWslo
gt C-HE= wskgY HE $4% 34 C-HEE ke
(ACR)Z | 4313 3 gk 7 X5,
l&d, C-HE= Hkg-e

1582 (Area Under the
Curve, AUC)ZE Trapezoid W'HOo 2

A,

Ay

%
AT
3L
h -
H =3

=
* Acute Insulin Response (AIR)

= Alnsulin (30min-Omin) / AGlucose (30min-Omin)
* Insulin (WU/mL), Glucose (mg/dL)

Total 150 subjects
(M:105, F:45)

| 75g OGTT |
Dataloss: 1
Normal Overweight Obese
(BMI <23) (23<BMI <25) (BMI =>25)
NFG/NGT 117 (78.5%) G 25 17
IFG 15 (10.1%) 9
IGT 9 (6.0%) 4
IFG+IGT 8 (5.4%) 6 1

Fig. 1. Study design and classification by OGTT and BMI. Data are expressed as number or
means * S.D. NFG, normal fasting glucoseNGT, normal glucose tolerance; IFG, impaired

fasting glucose IGT, impaired glucose tolerance.
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* Acute C-peptide Response (ACR)
= AC-pep (30min-Omin) % 1000 /AGlucose (30min-Omin)
* C-peptide (ng/mL), Glucose (mg/dL)

H|= 24341 (Hyperbolic
/3ol gk WiEbA|Z 2
(Disposition Index, DI)
olgste] TaATk =R
2 AIR/HOMARZE T

1=
g Erls

3. EAXz|

S o + XFHUAE FAEFHA ST, SPSS
(SPSS®12.0, Inc, Chicago, Illinois)< AME-3lAch 2+
7l A ALEwse] HI xlo]E one way ANOVASH
student’s t-testZ Bl&}HT) Hl&9] Zlole 7lo] A4S A}
|39tk AEre] FeE #AER Ze WA= A

+

rlo

7}

ZgR1ell A BIgk

o we

A WIEHE 7159 M-

AZ12 W3 T pearson FTHEA T tHF3| ARAS AF
Stk fre] 2 0.05 PIRECRE SI3iTh

!

o

% o 152% & 29
oA Aol A A9
(1/1-/\-1 105\:3 o:]
ot Hdvels

1499 =
84:35), ¥T&
(IGT) 99 (5:4), 3
2 A =g A

2 3oz A
HReon, 1
457)0]
3+ 3.
o
ol

o] X85 Fo]
He 277t AAE] 1497
|4 ZATgEet HAAE AlEa
SAATE
(NFG/NGT)S 1179 (o =
(IFG)T 15% (9:6), W35l
Hl el (CGDT 8% (8:0) 52

7} 21.5%00 NFEFATH (Fig. 1).

AL
57

26
Xé’z

Table 1. Clinical characteristics and OGTT data of NFG/NGT group by BMI

BMI (kg/m®)

Normal Overweight Obese
(BMI < 23) (23 < BMI < 25) (BMI > 25)
Clinical Characteristics
Age (year) 260 + 2.7 266 + 65 267 + 34
Sex (M:F)’ 41:34 24:1 17:0
Body Weight (kg)" 588 + 7.5 734 + 5.7 835 + 6.9
Height (cm)” 169.6 + 7.3%* 1754 + 6.4" 1765 + 63"
BMI (kg/m®)’ 204 + 1.6 238 + 0.7 26.8 + 1.0
AC (cm)" 738 + 7.3%% 829 + 7.3 90.6 * 6.1
FHx of DM (%) 353 292 35.3
OGTT parameter
FPG (mg/dL) 855 = 8.0 838 + 6.9 849 = 7.3
2hr PG (mg/dL) 1043 + 17.6 975 + 149 103.8 + 24.4
AUCglc (mg /h - dL)’ 2355 + 323 2180 = 28.6° 2545 + 36.5°
FPI (uU/mL) 54 £29 55+ 17 64 £ 1.7
2hr PI (uU/mL) 48.6 = 23.9 53.8 £ 273 622 * 40.0
AUCins (UU/h - mL) 1072 + 56.7° 1233 + 53.1 150.3 + 62.9
FPCpep (ng/mL) 0.59 = 0.77 0.40 * 0.38 0.63 + 0.54
2hrPCpep (ng/mL) 5.89 + 2.82 559 + 25 5.81 £ 191
AUCcpep (ng/h - mL) 9.56 + 4.53 9.01 + 3.29 1023 + 2.55

Data are expressed as number or percents (%) or means standard deviation.
* Significantly different between all groups by ANOVA (P < 0.05).
+,%,8, Significantly different from normal, overweight, obese group, respectively by post hoc test (Turkey’s

method) (P < 0.05).

t overweight or obese vs normal. ¥ obese or normal vs overweight. § coverweight or normal vs obese.
FPG, fasting plasma glucose; FPI, fasting plasma insulin; FPCpep, fasting plasma C-peptide; AUCglc - AUCins *

AUCcpep, area under the curve of glucose Insulin - C-peptide.
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Glucose 1
(mg/dL)

—O— Normal
—@— Overweight
—— Obese

Time(Min)

Fig. 2. Glucose concentration during OGTT according to degree of obesity.
Glucose concentration after OGTT 30, 60, 90 min are significantly higher in obese than

overweight group.

* P < 0.05 between three groups by ANOVA.
t P < 0.05 between overweight and obese group by post hoc test (Turkey’s method).

(A) 160 r

Insulin
(uU/mL)
—O— Normal

80 —B— Overweight

60 —l— Obese

40

20

0 I . )
0 30 60 0 120

Time(Min)

(B)

5
.

9l
C-peptide 8 [ —0— Normel
(ng/mL) 7 —@— Overweight

6 —&— Obese

5|

a4l

3l

o |

1

0

0 30 60 N0 120
Time(Min)

Fig. 3. Plasma insulin and C-peptide concentration during OGTT according to degree of obesity. A, Insulin concentration after OGTT
60 min are significantly higher in obese than overweight group; B, There are no significant difference in plasma C-peptide concentration
between three group by BMI Comparison between three groups were performed by ANOVA and post hoc test (Turkey’s method).

* P < 0.05 overweight vs obese.

25 (24:1), MRS 179 (17:0) °©|Atk

250o] YAt (P = 0.002). 3704 FE LD FH3}
UL vtz e SViEE A Biou 5AE
oL gtk AUCinse BlTkolA AR 23t
=7kl A (P = 0.023). 3 FEA C-HE= &
9} AUCcpepe 33t 2ko]7b QUIEHP = 0.449,
0.66, T=AUIZ).

vk w2 A pgsl] o3 g9 T w3} (Fig.

~
1l

3R gkkon) ke Axs B o)
vt w2 A st igk QlEdy C-HE = &
v, HvhFoll A RSl 6050 Hu XS How 1208
o)

7 e TR =30t JedEnle e £ 60

Al HlRre] el wis) oAl FUHEe Y (P =
0.034, Fig. 3A), C-HE|= EH]9] Qg2 37 7hol| ztol7}
gt (Fig. 3B).

A arelA Hivt=o] wet Qlad A3 7
A% HOMARS o3t o7l §lou (Fig. 4),
WBISIE A% Sl me} 7has]o] dtol vls) vivkr
oA FrolatAl ZAEHATH (P = 0.023).

HEMAEZ] e EulsS Wste AIRS AH|T
AN F7FEJ et (P = 0.02), BITHEM e astgdou
EAZ ou)= {Ith (Fig. 5). ACRE HH|vHroA =7}
Ha, vgkEede AnvkrRg 7hasigoy 5413 o
= Q95 (P = 0.119).

A& 7S B3 5 Y5 AE (D)= FH
T A vl ARG S7RE RS (3 AT
8.40, HHIgto|Tt 12.39, HITHE 7.29). AIR/HOMARS %
vt A AAGGe] BAA fFojdeg FUtEA (P =
0.079), HlvRFoN e AAERY 44E BIou EAF

- 150 -



rlo

2) Hd g¢

— WSl Bl e AdelA Hintze wE g HIEE 7)5e] W

. 14 *
25 12t
10
5 8
3 2 .
=} = 6 - /
T
4t / |
i / -
0 4|
Normal Over Obese Normal  Over Obese
Weight Weight

Fig. 4. HOMAR and WBISI in the normal, overweight, obese group in NFG/NGT.
A, There are no significant difference in HOMAR between three group by BMI; B, WBISI
significantly decreased in obese group compared with normal group.

= 0.023. Comparison between three groups were performed by ANOVA and post hoc test
(Turkey’s method). HOMAG, insulin resistance by homeostasis model assessment; WBISI, whole
body insulin sensitivity index.

5 140
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4 + * 8
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/ o5 |
oL = 0
Nomal Over Obese Nomnal Over Obese
Weight Weight

Fig. 5. AIR (Acute Insulin Response) and ACR (Acute C-peptide Response) in the normal,
overweight, obese group in NFG/NGT. A, AIR significantly increased in overweight group compared
with normal group, but there are no significant difference between normal and obese group; B, There
are no significant difference in ACR between three group by BMI.

= 0.02 Comparison between three groups were performed by ANOVA and post hoc test
(Turkey’s method).

A}k (P = 0.113, Fig. 6). %k 254.53, 7k 248.50) 2k fFolEkA wke 3
THOE W2 A Btk 35 32 s & e F
2ETolM BlEtzol e Sd EE 3 el Zol7}k YA, AUCInsE A3 (Bgk
Aunkra} Hinkt oA 71 Zo] A A e 108.3, Z31k 88.6)°l HIa| wIvk: (Hark 1503, X%k
2 Ayt B0 GFS E 5= o] A g9l 136.6)°4 Z7tElom AADLe] ou=

FA 831S ko 2 Hinlso) mE EAS A= BAEY 0.053).

A& A4 XEQ HOMAR-S 37 ol 2ho)7} ¢ld

3T o) zpolrt gldent, wE-S} 30, 60, o (P = 0571). UEH A4 AE WBISIE G

TRro A HIRRERTE folstAl WSka (P < (Hetzk 7.76, T35k 7.68) 3 AT (Bdgk 7.04, T

0.05), A% TR & Fgko] YATE AUCgle2 A 7k 7.09)0l 4 wIZ=Eig o), vkt (BEgk 5.35, %7&
19.65, 35k 213.50)0014 vlvkt (H gk 5.13)004 F2J3HA ZA3IATH (P = 0.038). AIR
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Fig. 6. Disposition Index and AIR/HOMAR in the normal, overweight, obese group in NFG/NGT.
A, Disposition Index significantly increased in overweight compared with normal group and
significantly decreased in obese compared with overweight group. There are no significant difference
in Disposition Index between normal and obese group. B, AIR'HOMAR borderline significantly
increased in overweight compared with normal group. However there are no significant difference
in AIRJHOMAR between overweight and obese group. Also, there are no significant difference in
AIR/HOMAR between normal and obese group.

* P =002 ** P=0043 T P = 0079 ¥ P = 0.113. Comparison between three groups were
performed by ANOVA and post hoc test (Turkey’s method).

0.05). AIRZHOMARS 873 A5 R} Aulnkrels Z7)a
O L, BIRRrlA dwRa st (3 111 (F
o gk 0.94), FMIRRE 171 (FR0gk 1.54), WIRkE 128 (F
7¥k 0.86), P < 0.05).

3.0 4

i)
>
!

3) BlBloA eleel 2aDt siEET S| Bof
Aol Qlédl 744 B WEME Jlse] BEAe
olr 7] 93 vk w2 AIR, WBISIE 2712 X3}
sl 1 S|FRAOR Aol dsw aeng A48

-Overweight

Acute Insulin Response

o
1

0.0 7 .
S e ST} (Fig. 7). T 7be] wALNS Hzsfshr] 9I3ked L}
—

:' ]5 . vv131s1|]5 . ” ol¢} o] TS TS o= FAEGTh HIvkE
2 olzrg] H/ul AIAS B 7o olZel7iA

Fig 7. Summary hyperbolic feedback curves constructed o me AEd A= RS HE, 2 T

2= p -
from men with NFG/NGT grouped by obesity category. ZdejollAe] vz wet A ey EHlso] AolE
Feedback curves were compared using linear regression in #AS = o) A AR Auvkto] FHd g 3
which the logarithm of the AIR (Acute Insulin Response) YelAe 621517 ¢l RAA o Z ol&dl Balyl 2715
was modeled as a function of the logarithm of the WBISIL R

; ; HWE 7} AlS)AE A} ThiijAde §-x
There was a borderline significant leftward shift (toward ™ (Shift to Righ), Y| F sl g e

IGT) from normal to obese in the insulin feedback curve. 7b Hu, B3 dEd Evle #Zass 23 (Shift to
Normal group, I’ = 0.383, P < 0.001; Overweight group, r* LefyE HAATE €W 488 BAske ded #ils

= 0.018, NS; Obese group, 1 =0.282, P = 0.051. AE (DI)94— BMIS] FAE 23} HHAAS o] 83 o T
3| ARSI (Fig. 8). DI AH|wietA| o] A A= 2|57}

ZatE Aunkrel A F718 o™ (P = 0.087), ACRS A= 3|8 BA4H #8l%o] BMI el wE S7H34S
7kt ot BAAR Zolzt gllaL, Blvktat ARkt Holoprl, of= SHAIX] (HIRE7IEe] T ool EH 23]

3

2 zpol7} itk Y aste 348 Bk
ol&d EHl%s XFE (D)E ABIvkEolA vtk e A

ARt 7MY (P 7.85 (F7Hk 6.40), AT

12.15 (F3tk 10.21), BIRRE 7.29 (SXMk 6.21), P <
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Fig. 8. Linear regression curve estimation by quadratic
method between Disposition Index and BMI in normal men.
Disposition index was showed increment according to the
BMI, but showed decrement after certain threshold of BMIL.
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ABSTRACT

Background: The development of type 2 diabetes
mellitus is characterized by both an impaired p-cell
function and increased insulin resistance. Obesity may
cause insulin resistance, impaired glucose tolerance and
T2DM. However, the precise mechanism of [-cell

dysfunction in obesity is unclear.
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The aim of this study is to evaluate the relationship
between obesity and the pancreatic B-cell function in
Korean young adults with normal glucose tolerance.

Subject and Methods: 75 g OGTT was performed in
152 young adults. The subjects were grouped as follows:
Normal (BMI < 23 kg/mz), Overweight (23 < BMI <
25), Obese (BMI = 25). In the normal subjects, insulin
sensitivity (WBISI) and HOMAR, pancreatic [cell
function (Acute Insulin Response: AIR, Acute C-Peptide
Response: ACR, Disposition Index (DI): AIR x WBISI,
AIR/HOMAR) were measured.

Results: The HOMARr was similar in the three groups.
The WBISI decreased in the obese group compared with
the normal BMI group at the NFG/NGT  status.
Compensatory f-cell functions (DI, AIR/HOMAR) were
significantly higher in the overweight group than in the
normal BMI group. Despite the NFG/NGT status, the
compensatory  pancreatic ~ f-cell  functions  were
significantly lower in the obese group than in the
overweight group.

Conclusion: Obesity is associated with a decrease in
the compensatory f-cell function to glucose stimulation in

young adults with a NFG/NGT status.

Key Words: Obesity, S-cell function, Type 2 Diabetes Mellitus

m
o

=t

1. KahnSE, Porte D.
diabetes mellitus. In: Porte D Jr, Sherwin RS

Pathophysiology of type II

(eds):Diabetes  mellitus.  Appleton and Lange:
Stamford 1996. p.487-512.

2. DeFronzo RA, Ferrannini E. Insulin resistance: A
multifaceted syndrome responsible for NIDDM,
obesity,hypertension, dyslipidemia, and atherosclerotic
cardiovascular disease. Diabetes Care 1991;14:173-94.

3. Kruszynska YT, Olefsky JM. Cellular and molecular
mechanisms of non-insulin dependent diabetes
mellitus. J Investig Med 1996;44:413-42.

4. Porte D Jr. -cells in type II diabetes mellitus. Diabetes
1991;40:166-80.

5. Mitrakou A, Kelley D, Mokan M, Veneman T,
Pangburn T, Reilly J, et al. Role of reduced
suppression of glucose production and diminished
early insulin release in impaired glucose tolerance. N

Engl J Med 1992;326:22-9.

6. Kahn SE. Clinical review 135: The importance of
beta-cell failure in the development and progression
of type 2 diabetes. J Clin Endocrinol Metab
2001;86:4047-58.

7. UK Prospective Diabetes Study (UKPDS) Group.
Intensive blood-glucose control with sulphonylureas or
insulin compared with conventional treatment and risk
of complications in patients with type 2 diabetes
(UKPDS 33). Lancet 1998;352:837-53.

8. Turner RC, Cull CA, Frighi V, Holman RR. Glycemic
control with diet, sulfonylurea, metformin, or insulin
in patients with type 2 diabetes mellitus: progressive
requirement for multiple therapies (UKPDS 49). UK
Prospective Diabetes Study (UKPDS) Group. JAMA
1999;281:2005-12.

9. Buchanan TA. Pancreatic beta-cell loss and
preservation in type 2 diabetes. Clin Ther 2003;25
Suppl B:B32-46.

10. Buchanan TA, Xiang AH, Peters RK, Kjos SL,
Berkowitz K, Marroquin A, et al. Response of
pancreatic beta-cells to improved insulin sensitivity in
women at high risk for type 2 diabetes. Diabetes
2000;49:782-8.

11. The Diabetes Prevention Program Research Group.
Reduction in the incidence of type 2 diabetes with
lifestyle intervention or metformin. N Engl J Med
2002;346:393-403.

12. Boden G, Chen X, Ruiz J, White JV, Rossetti L.
Mechanisms of fatty acid-induced inhibition of
glucose uptake. J Chin Invest 1994;93:2438-46.

13. Kelley DE, Williams KV, Price JC, McKolanis TM,
Goodpaster BH, Thaete FL. Plasma fatty acids,
adiposity, and variance of skeletal muscle insulin
resistance in type 2 diabetes mellitus. J Chin
Endocrinol Metab 2001;86:5412-9.

14. Hotta K, Funahashi T, Arita Y, Takahashi M,
Matsuda M, Okamoto Y, et al. Plasma concentrations
of a novel, adiposespecific protein, adiponectin, in
type 2 diabetic patients. Arterioscler Thromb Vast
Biol 20001;20:1595-9.

15. Kahn SE. The relative contributions of insulin
resistance and beta-cell dysfunction to the
pathophysiology of Type 2 diabetes. Diabetologia
2003;46:319.

16. Hirose H, Lee YH, Inman LR, Nagasawa Y, Johnson
JH, Unger RH. Defective fatty acid-mediated beta-cell

- 156 -



17.

18.

19.

20.

21.

22.

23.

24.

25. %

26.

27.

28.

compensation in Zucker diabetic fatty rats. Pathogenic
implications for obesity-dependent diabetes. J Biol
Chem 1996;27:5633-7.

Kuroe A, Fukushima M, Usami M, Ikeda M, Nakai
Y, Taniguchi A,et al. Impaired beta-cell function and
insulin sensitivity in Japanese subjects with normal
glucose tolerance. Diabetes Res Clin Pract 2003;59:
71-7.

World Health Organization Western Pacific Region,
International Association for the Study of Obesity and
International Obesity Task Force. The Asia-Pacific
Perspective: Redefining Obesity and Its Treatment.
Melbourne, Health
Australia Pty Limited: 2000.

Matsuda M, DeFronzo RA. Insulin sensitivity indices

Australia: Communications

obtained from oral glucose tolerance testing:

comparison with
Diabetes Care 1999;22:1462-70.
Reaven GM, Hollenbeck CB, Chen YDI. Relationship

the euglycemic insulin clamp.

between glucosetolerance, insulin secretion, and
insulin action in non-obese individuals with varying
degrees  of tolerance.
1989;32:52-5.

DeFronzo RA. Pathogenesis of type 2 diabetes

glucose Diabetologia

mellitus:

identifying diabetes genes. Diabetes 1997;5:117-269.

Ferrannini E, Natali A, Bell P, Cavallo-Perin P, Lalic

N, Mingrone G.

in obesity. J Clin Invest 1997;100:1166-73.

4%, 153, o], AAY, A3, AEY = 3

= AT ARE B FAelA HE Wik E

A% Eﬁﬁd-%hm?i} 2] 2000;24:

°ltﬂ9jr ARle}, AAE, W87] 5
wgs) o Q)

metabolic and molecular implications for

Insulin resistance and hypersecretion

B‘:
it
N
fo
ok
O
&
ok
oft
kr
of
_?lJ

Chiu KC, Chuang LM, Yoon C. Comparison of
measured and estimated indices of insulin sensitivity

and beta cell function: impact of ethnicity on insulin

o Mo]o]]}ﬂ =1h=l

o we

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

- 157 -

AG W Z 7)o Wal—

sensitivity and beta cell function in glucose-tolerant
and normotensive subjects. J Clin Endocrinol Metab
2001;86:1620-5.

Elbein SC, Wegner K, Kahn SE. Reduced beta-cell
compensation to the insulin resistance associated with
obesity in members of caucasian familial type 2
diabetic kindreds. Diabetes Care 2000;23:221-7.
Seltzer HS, Allen EW, Herron AL Jr, Brennan MT.
Insulin secretion in response to glycemic stimulus:
relation of delayed initial release to carbohydrate
intolerance in mild diabetes mellitus. J Clin Invest
1967;46:323-35.

Eriksson KF, Lindgarde F. Poor physical fitness, and
impaired insulin late

early response  but

hyperinsulinaemia, as of NIDDM in

Swedish

predictors
middle-aged

1996;39:573-9.
Lee Y, Hirose H, Zhou YT, Esser V, McGarry ID,

men. Diabetologia

Unger RH. Increased lipogenic capacity of the islets
of obese rats: a role in the pathogenesis of NIDDM.
Diabetes 1997;46:408-13.

Milburn JL Jr, Hirose H, Lee YH, Nagasawa Y,
Ogawa A, Ohneda M, et al. Pancreatic beta-cells in
induction of functional,

obesity. Evidence for

morphologic, and metabolic abnormalities by

increased long chain fatty acids. J Biol Chem
1995;270:1295-9.

Hirose H, Lee YH, Inman LR, Nagasawa Y, Johnson
JH, Unger RH. Defective fatty acid-mediated beta-cell
compensation in Zucker diabetic fatty rats. Pathogenic
implications for obesity-dependent diabetes. J Biol
Chem 1996;271:5633-7.

Ferrannini E, Camastra S, Gastaldelli A, Maria Sironi
A, Natali A, Muscelli E, et al. Beta-cell function in
obesity: Diabetes 2004;53
Suppl 3:526-33.

Shimabukuro M, Zhou YT, Levi M, Unger RH. Fatty

effects of weight loss.

acid-induced beta cell apoptosis: a link between
obesity and diabetes. Proc Natl Acad Sci U S A
1998;95:2498-502.

Ohneda M, Inman LR, Unger RH. Caloric restriction
in obese pre-diabetic rats prevents beta-celldepletion,
loss of beta-cell GLUT 2 and glucose incompetence.
Diabetologia 1995;38:173-9.

Shimabukuro M, Koyama K, Lee Y, Unger RH.

Leptin- or troglitazone-induced lipopenia protects



39.

40.

41.

42.

— tiEHEs)R): A 15 H A3 & 2006 —

islets from interleukin lbeta cytotoxicity. J Clin Invest
1997:100:1750-4.

Boden G. Free fatty acids and insulin secretion in
humans. Current Diabetes Reports 2005;5:167-170.
Stefan N, Stumvoll M, Bogardus C, Tataranni PA.
Elevated plasma nonesterified fatty acids are
associated with deterioration of acute insulin response
in IGT but not NGT. Am J Physiol 2003;284:
E1156-61.

Kashyap S, Belfort R, Gastaldelli A, Pratipanawatr T,
Berria R, Pratipanawatr W, et al. A sustained increase
in plasma free fatty acids impairs insulin secretion in
nondiabetic
develop type 2 diabetes. Diabetes 2003;52:2461-74.

Pelleymounter MA, Cullen MJ, Baker MB, Hecht R,

subjects  genetically predisposed to

43.

Winters D, Boone T, et al. Effects of the obese gene
product on body weight regulation in ob/ob mice.
Science 1995;269:540-3.

Seufert J. Leptin Effects on Pancreatic b-Cell Gene
Expression and Function Diabetes 2004;53 Suppl 1:
S152-8.

44. Cases JA, Gabriely I, Ma XH, Yang XM, Michaeli T,

45.

- 158 -

Fleischer N, et al. Physiological increase in plasma
leptin markedly inhibits insulin secretion in vivo.
Diabetes 2001;50:348-52.

Bacha F, Saad R, Gungor N, Arslanian SA.
Adiponectin in  Youth: Relationship to visceral

adiposity, insulin sensitivity, and B-cell function

Diabetes Care 2004:27:547-52



