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Regional Abdominal Fat Distribution in Lean and Obese Thai Type 2 Diabetic
Women: Relationships With Insulin Sensitivity and Cardiovascular

Risk Factors

Chatchalit Rattarasarn, Rattana Leelawattana, Supamai Soonthornpun, Worawong Setasuban,
Atchara Thamprasit, Apiradee Lim, Wannee Chayanunnukul, Natawan Thamkumpee,

and Thavorn Daendumrongsub

o determine the relationships of body fat distribution and insulin sensitivity and cardiovascular risk factors in lean and obese

hai type 2 diabetic women, 9 lean and 11 obese subjects, with respective mean age 41.7 � 6.3 (SD) and 48.0 � 8.5 years, and

ean body mass index (BMI) 23.5 � 1.8 and 30.3 � 3.7 kg/m2, were studied. The amount of total body fat (TBF) and total

bdominal fat (AF) were measured by dual-energy x-ray absorptiometer, whereas subcutaneous (SAF) and visceral abdominal

at areas (VAF) were measured by computerized tomography (CT) of the abdomen at the L4-L5 level. Insulin sensitivity was

etermined by euglycemic hyperinsulinemic clamp. Cardiovascular risk factors, which included fasting and post-glucose

hallenged plasma glucose and insulin, systolic (SBP) and diastolic blood pressure (DBP), lipid profile, fibrinogen, and uric

cid, were also determined. VAF was inversely correlated with insulin sensitivity as determined by glucose infusion rate (GIR)

uring the clamp, in both lean (r � �0.8821; P � .009) and obese subjects (r � �0.582; P � .078) independent of percent TBF.

AF and TBF were not correlated with GIR. With regards to cardiovascular risk factors, VAF was correlated with SBP (r �
.5279; P � .024) and DBP (r � 0.6492; P � .004), fasting insulin (r � 0.7256; P � .001) and uric acid (r � 0.4963; P � .036) after

djustment for percent TBF. In contrast, TBF was correlated with fasting insulin (r � 0.517; P � .023), area under the curve

AUC) of insulin (r � 0.625; P � .004), triglyceride (TG) (r � 0.668; P � .002), and uric acid (r � 0.49; P � .033). GIR was not

orrelated with any of cardiovascular risk factors independent of VAF. In conclusion, VAF was a strong determinant of insulin

ensitivity and several cardiovascular risk factors in both lean and obese Thai type 2 diabetic women.
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HE ASSOCIATION of body fat, particularly abdominal
fat (AF) and insulin sensitivity, as well as cardiovascular

isk, has been recognized in both nondiabetic and diabetic
ubjects.1-3 Several, but not all, studies, mostly in Caucasian
opulations, demonstrated stronger positive relationships be-
ween the amount of intra-abdominal or visceral abdominal fat
VAF) and insulin resistance and several cardiovascular risk
actors than that of total body fat (TBF) in patients with type 2
iabetes, particularly obese patients.4-6 However, since the
evel of VAF may differ among various populations, this rela-
ionship may not be observed or may be less strong in a
on-Caucasian population.7,8 Studies in Asian type 2 diabetes
lso demonstrated the strong inverse relationship of VAF and
nsulin sensitivity in obese patients.9,11 In contrast, Taniguchi et
l12 reported a stronger inverse relationship of subcutaneous
bdominal fat (SAF) and insulin sensitivity than that of VAF in
on-obese Japanese diabetic subjects. Therefore, it is perhaps
ossible that there is different association between regional AF
nd insulin sensitivity between lean and obese Asian type 2
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iabetes. Unfortunately, the study in a small number of obese
nd non-obese Chinese type 2 diabetic patients was inconclu-
ive.13 The objectives of the current study were to determine
egional AF distribution and its relationships with insulin sen-
itivity and cardiovascular risk factors in lean and obese Thai
ype 2 diabetic patients.

MATERIALS AND METHODS

Twenty Thai type 2 diabetic women, 9 lean and 11 obese, with
espective mean ages of 41.7 � 6.3 (SD) and 48.0 � 8.5 years, and
ean body mass index (BMI) 23.5 � 1.8 and 30.3 � 3.7 kg/m2, were

nrolled into the study. Seven patients of the lean group and 9 of the
bese group had type 2 diabetes, whereas the rest had impaired glucose
olerance by World Health Organization (WHO) criteria. One and 4
atients of the lean and the obese groups, respectively, were in meno-
ause. Five patients of the lean group and 6 of the obese group were
aking sulfonylureas and/or metformin prior to inclusion in the study.
uration of treatment of the respective groups ranged from 1 to 6 and
to 4 years. None was treated with insulin. Two patients had a history

f hypertension. All had no recent history of major intercurrent ill-
esses prior to study. Patients were studied for 2 consecutive days
etween 8 and 11 AM after a 10-hour fast. They were advised to not
ndergo strenous exercise and to stop smoking and drinking alcohol for
t least 24 hours prior to the study, as well as to stop their antidiabetic
nd antihypertensive drugs at the day of study.

On day 1, a euglycemic hyperinsulinemic clamp was performed to
etermine insulin sensitivity.14 On day 2, a 75-g oral glucose tolerance
est (OGTT) was performed. Blood was collected at before and 1, 2,
nd 3 hours after glucose ingestion via retained intravenous catheter for
he measurements of glucose and insulin. Fasting blood samples were
lso collected for the measurements of total cholesterol (TC), triglyc-
ride (TG), high-density lipoprotein cholesterol (HDL-C), fibrinogen,
nd uric acid levels. Sitting systolic (SBP) and diastolic (DBP) blood
ressure were measured after an at least 15-minute rest using a mercury
phygmomanometer (Baumanometer, W.A. Baumm, Copiague, NY).
BF, total AF, and regional AF were determined.
2003 Elsevier Inc. All rights reserved.
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Medicine, Prince of Songkla University. All patients gave written
informed consent to participate in the study.

Euglycemic Hyperinsulinemic Clamp

Intravenous catheters were retained in antecubital vein for infusion
of insulin and glucose and in contralateral dorsal hand vein for blood
sampling. A primed continuous infusion of regular insulin (Actrapid
HM, Novo Nordisk, Denmark) was given at a rate of 50 mU/m2 body
surface area/min from 0 to 120 minutes together with 20% dextrose
solution to maintain plasma glucose at the level of 5 mmol/L through-
out the clamp period. Blood samples were obtained every 5 minutes
from the hand vein kept in a thermoregulated box at 55 to 60°C for
determination of arterialized plasma glucose. Blood samples were also
collected every 10 minutes from 60 to 120 minutes for measurement of
plasma insulin levels. Insulin sensitivity was determined from the
glucose infusion rate (GIR) during the last 40 minutes of the clamp and
expressed as milligrams of glucose per kilogram fat free mass (FFM)
per minute.

Body Composition Measurements

TBF and total AF at L1-L4 level were measured by dual energy
x-ray absorptiometer (DPX-MD Lunar Corp, Madison, WI) software
version 4.7. TBF was calculated by standard software program of
machine, whereas AF measurement was undertaken by manually de-
fining the area of measurement from the top of L1 to the bottom of L4.
SAF and VAF areas were determined by single-slice computerized
tomography scan (CT; Tomoscan AV, Philips, Japan) of the abdomen
at the L4-L5 disc space level. Scanning was performed at 120 kV. Fat
tissue density was determined according to flexible attenuation ranges
derived from subcutaneous fat density of each individual, the method of
which has been shown to be highly correlated with and may be superior
to the conventional method using fixed attenuation ranges of �190 to
�30 Hounsfield units.15 SAF area was determined by subtracting the
nonsubcutaneous fat from total AF area. Nonsubcutaneous AF was
defined as intra-abdominal and retroperitoneal fat, including the ab-
dominal wall muscles, paraspinal muscles, and vertebral column. VAF
area was defined as intra-abdominal fat area bound by parietal perito-
neum excluding the vertebral column and the paraspinal muscles. The
retroperitoneum fat was included in VAF measurement.

The measurements of AF, SAF, and VAF were performed by the
same operator, three times in each subject, the mean values of which

were used for the study. The intra-observer coefficient of variation
(CV) of each measurement was less than 3.0%.

Biochemical Analysis

Blood for plasma insulin was collected in chilled tubes, cold spun,
and frozen at �80°C until analysis, all within 1 month after collection.
Plasma insulin was measured by double-antibody radioimmunoassay
(Diagnostic Products Corp, Los Angeles, CA) with an intra-assay CV
of 0.9% to 4.7%. Plasma glucose was measured by glucose oxidase
method (Synchron CX-3 Delta, Beckman Coulter, Fullerton, CA) with
an inter-assay CV of 0.9% to 2.3%. TC, TG, and HDL-C were analyzed
by enzymatic colorimetric method. Low-density lipoprotein cholesterol
(LDL-C) was calculated from Friedewald formula. The intra- and
interassay CVs of TC, TG, and HDL-C were 0.6% and 2.7%, 1.0% and
3.2%, and 1.5% and 3.2%, respectively. Fibrinogen and uric acid were
respectively determined by prothrombin time (PT)-derived fibrinogen
and enzymatic methods with interassay CVs 4.45% and 0.9% to 1.9%.
Areas under the curve (AUCs) of glucose and insulin were calculated
using the trapezoidal rule.

Statistical Analysis

Student’s t test was used to compare means. Data that were not
normally distributed were log-transformed prior to analysis. Correla-
tion coefficients were determined by Pearson’s product moment. All
statistical analyses was performed using SPSS for Windows version 9
(SPSS Inc, Chicago, IL). P � .05 was considered statistically signifi-
cant.

RESULTS

The clinical characteristics and body fat data of lean and
obese type 2 diabetic women in this study are shown in Table1.
Lean patients not only had lower TBF, percent TBF, and AF,
but also had lower SAF and VAF than obese patients, although
the ratio of VAF/SAF was not different between the groups.

In the lean group, AF (r � �0.7663; P � .027) but not TBF
(r � �0.0922) or percent TBF (r � 0.6007) was correlated
with GIR. With regards to regional AF, it was found that VAF
was inversely correlated (r � �0.7534; P � .019), whereas
SAF was positively correlated with GIR (r � 0.7023; P �

Table 1. Clinical Characteristics and Body Fat Distribution of Subjects in the Study

Lean (n � 9) Obese (n � 11) P

Age (yr) 41.7 � 6.3 (34-55) 48.0 � 8.5 (30-60) NS
Weight (kg) 58.8 � 5.8 (51.5-69.7) 71.8 � 10.5 (61-92.6) .004
BMI (kg/m2) 23.5 � 1.8 (21.4-25.7) 30.3 � 3.7 (26.7-36.9) �.0001
Diabetes duration (yr) 2.0 � 2.1 (0-6) 1.3 � 1.7 (0-4) NS
Fasting glucose (mmol/L) 7.4 � 2.2 (4.4-11.9) 6.4 � 1.4 (4.7-8.9) NS
SBP (mm Hg) 113.7 � 17.9 (86-145) 115.8 � 12.9 (98-138) NS
DBP (mm Hg) 70.8 � 10.7 (54-85) 70.9 � 7.1 (60-82) NS
TBF (kg) 19.8 � 2.0 (17.5-23.6) 29.6 � 6.6 (22.9-39.6) .001
%TBF 35.0 � 2.8 (29.2-39.3) 42.7 � 4.8 (36.5-50.2) �.0001
AF (kg) 2.2 � 0.4 (1.6-2.6) 3.8 � 1.2 (2.1-5.8) .002
SAF (cm2) 136.6 � 32.8 (109.0-204.0) 260.8 � 117.6 (94.4-430.1) .006
VAF (cm2) 46.4 � 24.1 (13.2-90.0) 98.2 � 41.1 (49.0-164.4) .004
VAF/SAF 0.37 � 0.23 (0.07-0.81) 0.45 � 0.34 (0.18-1.44) NS
GIR (mg/kg � FFM/min) 5.70 � 3.08 (2.68-12.90) 4.88 � 2.42 (2.4-9.31) NS

NOTE. Data are expressed as mean � SD (range).
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TBF, total body fat; AF, total abdominal fat;

SAF, subcutaneous abdominal fat; VAF, visceral abdominal fat; GIR, glucose infusion rate; FFM, fat free mass; NS, not significant.
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.035). However, the correlation of SAF and GIR disappeared
after one outlier was excluded from data analysis. VAF, but not
SAF, was still strongly and inversely correlated with GIR after
adjusted for percent TBF (r � �0.8821; P � .009). VAF/SAF
was also inversely correlated with GIR (r � �0.7274; P �
.026), but was less strong than VAF per se even after adjusted
for percent TBF (r � �0.7854; P � .036).

In the obese group, TBF, percent TBF, and AF were not
significantly correlated with GIR (r � �0.2419, 0.2891, and
�0.0245, respectively). This was also true with SAF (r �
�0.030), VAF (r � �0.3611), and VAF/SAF (r � �0.3697).
However, after adjustment for percent TBF, only VAF tended
to be significantly correlated with GIR (r � �0.5820; P �
.078).

Since the correlations of body fat and GIR in both lean and
obese patients were in the same direction, patients from both
groups were combined to study the relationships of body fat
distribution and cardiovascular risk. VAF was found to be
significantly correlated with DBP (r � 0.460; P � .041),
fasting insulin (r � 0.636; P � .003), and uric acid (r � 0.590;
P � .008), whereas SAF was significantly correlated only with
TG (r � 0.506; P � .027) in univariate analyses. Nevertheless,
as shown in Table 2, after adjustment for percent TBF, VAF
was strongly correlated with SBP, DBP, fasting insulin, and
uric acid, but SAF was not correlated to any of the cardiovas-
cular risk factors. In contrast, TBF was shown to have signif-
icant correlation with fasting and AUC of insulin, TG, and uric
acid. GIR had no correlation with any of these cardiovascular
risk factors after adjustment for VAF.

DISCUSSION

The results of this study demonstrated that VAF was a
stronger determinant of insulin sensitivity than SAF and TBF in
both lean and obese Thai type 2 diabetic women. The inverse
relationship of VAF and insulin sensitivity has been consis-

tently shown in obese subjects, both nondiabetics and diabetics,
the relationship of which is stronger than that of SAF or TBF
in most studies.1,4-6,9,16 It is known that the amount of VAF
plays an important role in the determination of insulin sensi-
tivity. Since the amount of VAF positively correlates with the
amount of TBF, the relationship of VAF and insulin sensitivity
may not be demonstrated in lean subjects, particularly in
women. The studies in lean, nondiabetic women by Tai et al
from Singapore,17 and our own study,18 also support this idea.
Most studies concerning the relationship of body fat distribu-
tion and insulin sensitivity in type 2 diabetes are performed in
obese patients; studies in lean patients are relatively few. The
current study confirms that VAF is the important determinant
of insulin sensitivity and cardiovascular risk not only in obese
but also in lean diabetic subjects. The correlation of VAF and
insulin sensitivity in obese diabetic patients is consistent with
several other studies. However, the strong inverse correlation
of VAF and insulin sensitivity in lean patients is in contrast
with the findings of Taniguchi et al in non-obese Japanese type
2 diabetic patients.12 They reported a stronger inverse associ-
ation of insulin sensitivity estimated by homeostasis model
assessment with SAF than that with VAF. An inverse associ-
ation of VAF and insulin sensitivity measured by a short insulin
tolerance test was also demonstrated in slightly obese Chinese
type 2 diabetic patients.13 This finding is in contrast with our
previous study in lean nondiabetic subjects,18 where association
of AF and insulin sensitivity could not be demonstrated. This
supports the important role of VAF in determination of the
insulin resistance observed in type 2 diabetes, even in lean
subjects.

It is interesting to note that lean type 2 diabetic patients in
this study had a degree of insulin resistance, indicated by low
GIR, similar to that of obese patients despite having less TBF
and AF (Table1). Insulin secretion determined by the AUC of
insulin after an OGTT was also not different (data not shown).
Of 9 lean patients, only 2 had GIRs of 7.96 and 12.90 mg/kg �
FFM/min, while the others had GIRs that ranged from 2.68 to
5.70 mg/kg � FFM/min, comparable to the GIRs of obese
patients. The higher GIRs and the lower degree of insulin
resistance corresponded to the smaller VAF areas in these 2
patients. This finding is in contrast to the studies in Caucasian
diabetic populations where non-obese patients were less insu-
lin-resistant or, in other words, more insulin-sensitive than
obese patients.1,19 However, although one may not be able to
extrapolate our findings to lean Thai type 2 diabetic women in
general given the small number of subjects in the study, the
current study does indicate that there is a subset of lean diabetic
patients who have insulin resistance as severe as obese patients.
This finding, if confirmed in a larger study, should have clinical
relevance. Treatments that improve insulin sensitivity, not in-
sulin secretion, should be considered as first-line therapy in this
group of patients. Although this study included few patients
with impaired glucose tolerance, we speculate it would not
influence the results of the study since patients with impaired
glucose tolerance have been demonstrated to have a degree of
insulin resistance and adiposity similar to that of type 2 dia-
betics. It is possible that the inclusion of postmenopausal
women may have had a somewhat deleterious effect on insulin
sensitivity and cardiovascular risk factors, particularly in obese

Table 2. Correlation of Body Fat and Cardiovascular

Risk Factors (N � 20)

Parameter VAF* SAF* TBF

GIR �0.7244§ �0.2406 �0.2270
SBP 0.5279† �0.0659 0.0800
DBP 0.6492‡ �0.1859 0.1830
Fasting glucose 0.4165 �0.1176 �0.2250
AUC glucose 0.4018 �0.1525 �0.1980
Fasting insulin¶ 0.7256§ 0.0975 0.5170†
AUC insulin¶ 0.3146 0.1404 0.6250‡
LDL-C �0.0011 �0.0579 0.1790
TG¶ 0.3964 0.3076 0.6680‡
HDL-C �0.4619 �0.1715 0.0040
Fibrinogen �0.1887 0.2634 0.3320
Uric acid 0.4963† �0.0774 0.4900†

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood
pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; TG, triglyceride; VAF, visceral abdom-
inal fat; SAF, subcutaneous abdominal fat; TBF, total body fat; GIR,
glucose infusion rate; AUC, area under curves.

*Partial correlation adjusted for %TBF.
†P � .05, ‡P � .01, §P � .001.
¶Log-transformed prior to analysis.
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patients, which is secondary, in part, to the accumulation of
VAF after menopause.19

This study agrees and supports other studies that VAF plays
a more important role than SAF or TBF in determination of
cardiovascular risk factors commonly observed in type 2 dia-
betic patients.11,20 What is different from other studies is that
we found a strong correlation of TG with TBF, but not
VAF.5,11-13,20 We also found no correlation between HDL-C
and VAF. The association of VAF with cardiovascular risk
factors was consistently demonstrated in both lean and obese
patients when the analysis was performed by group (data not
shown). However, the association of TBF with cardiovascular
risk factors could not be demonstrated in lean patients. This is

possibly due to the lower level of body fat in this group of
patients. The absence of a direct association between insulin
sensitivity and cardiovascular risk factors independent of VAF
is in contrast with the study by Haffner et al.20 They reported
significant relationships between insulin sensitivity and TG,
HDL-C, fasting glucose, and plasminogen activator inhibitor-1
levels independent of waist circumference, which is the anthro-
pometric marker of VAF. This discrepancy is possibly due in
part to the small number of subjects in our study.

In conclusion, our study shows that VAF, not SAF or TBF,
is a strong determinant of insulin sensitivity in both lean and
obese Thai type 2 diabetic women and also determines several
cardiovascular risk factors associated with type 2 diabetes.

REFERENCES

1. Banerji MA, Chaiken RL, Gordon D, et al: Does intra-abdominal
adipose tissue in Black men determine whether NIDDM is insulin-
resistance or insulin sensitive? Diabetes 44:141-146, 1995

2. Abate N, Garg A, Peshock RM, et al: Relationships of general-
ized or regional adiposity to insulin sensitivity in men. J Clin Invest
96:88-98, 1995

3. Carey DG, Jenkins AB, Campbell LV, et al: Abdominal fat and
insulin resistance in normal and overweight women: Direct measure-
ments reveal a strong relationship in subjects at both low and high risk
of NIDDM. Diabetes 45:633-638, 1996

4. Banerji MA, Lebovitz J, Chaiken RL, et al: Relationships of
visceral adipose tissue and glucose disposal is independent of sex in
black NIDDM subjects. Am J Physiol 273:E425-432, 1997

5. Gautier J-F, Mourier A, De Kerviler E, et al: Evaluation of
abdominal fat distribution in noninsulin-dependent diabetes mellitus:
Relationship to insulin resistance. J Clin Endocrinol Metab 83:1306-
1311, 1998

6. Gastaldelli A, Miyazaki Y, Pettiti M, et al: Metabolic effects of
visceral fat accumulation in type 2 diabetes. J Clin Endocrinol Metab
87:5098-5103, 2002

7. Perry AC, Applegate EB, Jackson ML: Racial differences in
visceral adipose tissue but not anthropometric markers of health-related
variables. J Appl Physiol 89:636-643, 2000

8. Gautier JF, Milner MR, Elam E, et al: Visceral adipose tissue is not
increased in Pima Indians compared with equally obese caucasians and is
not related to insulin action or secretion. Diabetologia 42:28-34, 1999

9. Yamashita S, Nakamura T, Shimomura T, et al: Insulin resistance
and body fat distribution: Contribution of visceral fat accumulation to
the development of insulin resistance and atherosclerosis. Diabetes
Care 19:287-291, 1996

10. Kurioka S, Murakami Y, Nishiki M, et al: Relationship between
visceral fat accumulation and anti-lipolytic action of insulin in patients
with type 2 diabetes mellitus. Endocr J 49:459-464, 2002

11. Asakawa H, Tokunaga K, Kawakami F: Relationship of abdom-
inal fat with metabolic disorders in diabetes mellitus patients. Diabetes
Res Clin Pract 55:139-149, 2002

12. Taniguchi A, Nakai Y, Sakai M, et al: Relationship of regional
adiposity to insulin resistance and serum triglyceride levels in nonobese
Japanese type 2 diabetic patients. Metabolism 51:544-548, 2002

13. Anderson PJ, Chan JCN, Chan YL, et al: Visceral fat and
cardiovascular risk factors in Chinese NIDDM patients. Diabetes Care
20:1854-1858, 1997

14. DeFronzo RA, Tobin JD, Andres R: Glucose clamp technique:
A method for quantifying insulin secretion and resistance. Am J
Physiol 237:E214-223, 1979

15. Yoshizumi T, Nakamura T, Yamane M, et al: Abdominal fat:
Standardized technique for measurement at CT. Radiology 211:283-
286, 1999

16. Miyazaki Y, Glass L, Triplitt C, et al: Abdominal fat distribution
and peripheral and hepatic insulin resistance in type 2 diabetes mellitus.
Am J Physiol Endocrinol Metab 283:E1135-1143, 2002

17. Tai ES, Lau TN, Ho SC, et al: Body fat distribution and
cardiovascular risk in normal weight women: Associations with insulin
resistance, lipids and plasma leptin. Int J Obes 24:751-757, 2000

18. Rattarasarn C, Leelawattana R, Soonthornpun S, et al: Relation-
ships of body fat distribution, insulin sensitivity and cardiovascular risk
factors in lean, healthy non-diabetic Thai men and women. Diabetes
Res Clin Pract 60:87-94, 2003

19. Chang C-J, Wu C-H, Yao W-J, et al: Relationships of age,
menopause and central obesity on cardiovascular disease risk factors in
Chinese women. Int J Obes 24:1699-1704, 2000

20. Haffner SM, D’Agostino R, Mykkanen L, et al: Insulin sensi-
tivity in subjects with type 2 diabetes: Relationship to cardiovascular
risk factors: The Insulin Resistance Atherosclerosis Study. Diabetes
Care 22:562-568, 1999

1447ABDOMINAL FAT AND INSULIN SENSITIVITY IN DIABETICS


	Regional Abdominal Fat Distribution in Lean and Obese Thai Type 2 Diabetic Women: Relationships With Insulin Sensitivity and Cardiovascular Risk Factors
	MATERIALS AND METHODS
	Euglycemic Hyperinsulinemic Clamp
	Body Composition Measurements
	Biochemical Analysis
	Statistical Analysis

	RESULTS
	DISCUSSION
	REFERENCES


