Effects of Troglitazone on Fat Distribution in the Treatment of Male
Type 2 Diabetes
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We investigated the efficacy of additional administration of 400 mg troglitazone {+T), which became available as a treatment
for type 2 diabetes following the demonstration of its ability to reduce insulin resistance, in combination with diet (D + T) or
sulfonylurea (S + T) therapy. Body fat area as determined by computed tomographic (CT) scanning at the umbilical level, as
well as several clinical and biochemical parameters of glycemic control and lipid metabolism, were compared before and after
3 months of additional treatment with troglitazone. The body mass index (BMI) tended to increase in both groups (22.7 = 0.6 v
23.2 + 0.6 kg/m? in D + T, nonsignificant [NS]; 22.2 + 0.5 v22.3+ 0.5 kg/m? in S + T, NS), while it tended to decrease in the
control group {only diet therapy, 23.6 + 0.6 v23.1 = 0.8 kg/m2, NS). Mean blood pressure {[BP] 96 + 3 v89 + 4 mm Hg, P < .05)
decreased significantly in the D + T group. Changes in the glycemic and lipid profile and leptin did not reach statistical
significance. The D + T group showed a significant decline in immunoreactive insulin {{IRI] 12.4 + 1.2 v 8.0 + 1.0 pU/mL,
P < .05), reflecting markedly reduced insulin resistance, as well as a significant increase in plasma insulin-like growth factor-1
([IGF-1]1175.7 = 14.2 v189.8 + 12.6 ng/mL, P < .05). A slight weight gain was associated with a tendency for subcutaneous fat
to increase, while visceral fat decreased in both troglitazone-treated groups. The decrease in the visceral to subcutaneous fat
ratio (V/S ratio} was statistically significant in the D + T group (1.09 = 0.11 v 0.94 + 0.09, P < .05), while the V/S ratio in the
control group did not change. A notable finding of this study is the difference in the response to troglitazone between
subcutaneous and visceral adipose tissue. It is suggested that troglitazone may exert beneficial effects by reducing visceral fat.

Copyright © 1999 by W.B. Saunders Company

HE THREE MOST IMPORTANT pathophysiological
mechanisms underlying type 2 diabetes (non—insulin-
dependent diabetes mellitus) are impaired insulin secretion,
increased glucose production by the liver, and insulin resistance
in target tissues.! The latter metabolic abnormality has been
shown in both animal studies and clinical trials to be amelio-
rated by a novel class of medications termed thiazolidine-
diones.>> Troglitazone, a newly approved member of this class
of antidiabetic agents, has been shown to decrease plasma
glucose in diabetic and obese insulin-resistant rodent models
and in patients with type 2 diabetes.®® Troglitazone improves
glucose tolerance without stimulating insulin secretion.” How-
ever, despite intensive studies, the detailed mechanisms by
which troglitazone enhances the action of insulin, ie, a reduc-
tion of insulin resistance in the liver and peripheral target
tissues, remain unknown.

It is well recognized that the accumulation of visceral fat is
associated with insulin resistance and the development of
macrovascular disease.!%13 The reduction of insulin resistance
is regarded as very important for the prevention of macrovascu-
lar disease.

An in vitro study using the 3T3-L1 adipocyte cell line
demonstrated that thiazolidinedione enhances the action of
insulin- or insulin-like growth factor-1 (IGF-1)-mediated differ-
entiation of these cells into mature adipocytes.!* In light of the
possible interaction of thiazolidinediones with adipose tissue,
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suggesting an indirect effect of these agents on insulin target
tissues, we evaluated the changes in fat distribution by com-
puted tomographic (CT) scanning at the umbilical level in
subjects during a 3-month clinical trial of troglitazone in
addition to other treatments for type 2 diabetes. In addition, we
examined several parameters of glycemic control and lipid
metabolism, including leptin and IGF-1.

SUBJECTS AND METHODS
Subjects and Protocol

Forty-eight type 2 diabetic male patients evaluated at the outpatient
diabetic clinic of Keio University Hospital in Tokyo were enrolled in the
study. The patients were divided into three groups. The first group
contained 18 patients who were treated with diet therapy only until the
start of this study and were additionally administered troglitazone
(CS-045; Sankyo Pharmaceutical, Tokyo, Japan) for 3 months (D + T
group). The second group contained 15 patients who were receiving a
sulfonylurea (glibenclamide 1.25 to 5.0 mg/d, Yamanouchi, Tokyo,
Japan; or gliclazide 40 to 80 mg/d. Daimppon, Tokyo, Japan) and were
additionally administered troglitazone for 3 months (S + T group).
Patients with low levels of insulin secretion (fasting sernm immunoreac-
tive insulin [IRI] < 6 to 7 pU/mL) were administered glibenclamide 2.5
or 5.0 mg/d or gliclazide 80 mg/d. and other patients were administered
glibenclamide 1.25 mg/d or gliclazide 40 mg/d. Patients with signs of
atherosclerosis such as a carotid atheromatous plaque or an abnormal
electrocardiogram were administered gliclazide. which has an antiplate-
let effect. The dose of sulfonylurea for each patient was unchanged
during the study period. These 33 patients received a 200 mg tablet of
troglitazone twice per day, the first dose after breakfast and the second
after dinner. The tablets were counted every 2 weeks, and compliance in
these patients was 100% during 3 months. The third group contained the
other 15 patients who were treated with diet therapy only and continued
diet therapy as control subjects (control group). All 48 subjects received
dietary instructions for using a meal-exchange plan by nutritionists. The
ideal dietary caloric intake for each patient was calculated as the ideal
body weight (kilograms) X 25 kcal/kg. It was confirmed by question-
naire that the physical activity level was almost constant in each subject
throughout the study period.

The age distribution and body mass index (BMI) of the three groups

Metabolism, Vol 48, No 9 (September}, 1999: pp 1102-1107



EFFECTS OF TROGLITAZONE ON FAT DISTRIBUTION

Table 1. Baseline Characteristics of Patients With Type 2 Diabetes
(male subjects only)

Diet Only
Characteristic D+T S+T {control)
No. of subjects 18 15 15
Age (yr) 53526 57.1 £ 3.3 50.9 = 3.6
BMI 227 = 0.6 22.2 + 0.5 23.6 = 0.6
Weight (kg) 63.0 £ 1.6 61.8x 1.6 67321
FPG (mg/dL) 176 £ 9 190 £ 13 146 = 16
HbA (%) 83104 8.9+ 0.2 8.1+04

NOTE. Values are the mean = SEM.

at the start of the study are listed in Table 1. There were no significant
differences in any of these parameters between the three groups The
body weight, mean blood pressure (BP), distribution of subcutaneous
and visceral fat, serum lipid profile. and several parameters reflecting
additional treatment efficacy were determined before and after 3 months
of troglitazone treatment.

Measurements

BP was determined in the sitting position after a 10-minute rest.
Blood samples were drawn from each subject before breakfast in the
early morning. after overnight bed rest. Fasting plasma glucose (FPG)
was determined by the glucose oxidase method Hemoglobin A,
(HbA,;) was determined by high-performance liquid chromatography
(Toso, Tokyo, Japan). Total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), and triglyceride (TG) levels were measured
enzymatically by an autoanalyzer (Hitachi, Tokyo, Japan) IGF-1 was
determined by immunoradiometric assay. Plasma insulin (IRI) and
leptin levels were measured by radioimmunoassay (Shionogi. Tokyo.
Japan; and Linco Research. St. Charles, MO) as described previously. !
It was not possible to measure the leptin level in the control group.

Subcutaneous and visceral tat distribution was determined by measur-
ing a —150 Hounsfield unit (HF) to —50 HF area using a modification
of the method of CT scanning at the umbulical level of Tokunaga et al.!®
CT images were obtained both before and after 3 months of treatment in
10 patients in the D + T group, and seven patients in the S + T group,
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and all 15 patients 1n the control group. In eight patients mthe D + T
group and eight in the S + T group, it was not possible to obtain CT
images after 3 months. The visceral to subcutaneous fat ratio (V/S ratio)
was also calculated for each group.

All subjects provided informed consent to participate m the study.
The design and aims of the clinical trial were approved by the Medical
Ethics Commuttee of Keio University Hospital.

Statistical Analysis

All results are presented as the mean = SEM. Differences between
groups and before versus after additional treatment were analyzed using
a patred f test. A P value less than .05 was considered statistically
significant.

RESULTS

Both additional troglitazone treatment groups showed a mild
but nonsignificant (NS) increase in BMI, while the control
group showed a decrease. Mean BP decreased significantly in
the D + T group (P < .05) (Fig 1).

FPG and HbA,, tended to decrease in each group, but the
changes did not reach statistical significance. There were no
significant changes in TC, HDL-C, and TG in each group (Table
2). A statistically significant decrease in IRI was found in the
D + T group (P < .05), whereas the decrease in the S + T
group did not reach statistical significance (Fig 2). There was no
statistically significant correlation between BP and IRI in these
subjects. Serum IGF-1 significantly increased after treatment in
the D + T group (P < .03) (Fig 3).

The results concerning changes in fat distribution are shown
m Table 3. Visceral fat tended to decrease in each group, while
subcutaneous fat tended to increase in both troglitazone-treated
groups and tended to decrease in the control group. Conse-
quently, the V/S ratio decreased, but the only statistically
significant difference was found in the D + T group (P < .05)
(Fig 4.
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Fig 1. Effects of additional treatment with troglitazone (+T) on BMI and mean BP. Values are the mean = SEM. *P < .05. ([(J) Before addition of
troglitazone; (M) after 3 months of troglitazone. The control group received no medication: {{I) before and (M) after 3 months. D, diet; S,

sulfonylurea.
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Table 2. Effects of 3-Month Additional Treatment With Troglitazone
on Glycemic and Lipid Parameters {(male subjects only)

Group Parameter Before After 3 Months
D+ T(n=18) FPG (mg/dL) 176 = 7 160 = 14
HbA, (%) 83+04 7.9+03
TC (mg/dL) 204.8 +9.9 216.0 £ 9.0
HDL-C (mg/dL) b4 =3 534
TG (mg/dL) 142 = 20 133 =18
Leptin (ng/mL) 3.9 £ 0.9 4.2 =10
S+ T(n=15) FPG (mg/dL) 190 = 13 179 = 12
HbA; (%) 8.9+ 0.2 8.8+0.3
TC (mg/dL) 2052 =92 221.0=9.0
HDL-C {mg/dL) 47 =2 50 3
TG (mg/dL) 161 £ 19 142 + 20
Leptin (ng/mL) 3.1+03 3.7+06
Diet only {control, n = 15} FPG (mg/dL}) 146 = 16 142 = 11
HbA, (%) 8.1x04 7.9 0.2
TC {mg/dL) 208.4 = 17.0 198.0 = 12.0
HDL-C {mg/dL) 58 = 8 576
TG (mg/dL) 164 + 52 128 = 17

NOTE. Values are the mean = SEM. None of the changes in the
parameters reached statistical significance.

None of the patients experienced adverse events such as liver
dysfunction or leg edema and all participants completed the
clinical trial. Hepatic enzyme levels were measured every 4 to 8
weeks, and no significant elevations were detected in any of the
study participants.

DISCUSSION

Troglitazone is a novel oral antidiabetic agent that has been
shown to have a hypoglycemic action both in rodent models>6
and in human studies.”® An enhanced insulin sensitivity, ie,
reduced resistance of target tissues to the effects of insulin, is
considered responsible for its hypoglycemic action, because
long-term troglitazone treatment was shown to increase the
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Fig 3. Effect of additional treatment with troglitazone (+T) on
IGF-1. Values are the mean = SEM. *P < .05. (J) Before addition of
troglitazone; (M} after 3 months of troglitazone. The control group
received no medication:; ({1} before and (M) after 3 months. D, diet; S,
sulfonylurea.

insulin receptor number and to ameliorate certain postbinding
defects in target tissues.? More recently, troglitazone was
demonstrated to decrease hepatic gluconeogenesis.® However,
despite extensive research on troglitazone and other thiazolidine-
diones, the biochemical mechanisms by which these agents
improve insulin resistance and decrease lipids and BP have yet
to be elucidated.

Our present results reconfirm the BP-lowering effect of
troglitazone.'”1° In our study, glycemic control was not signifi-
cantly improved by additional troglitazone treatment for 3
months. However, while some subjects showed improved
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Fig 2. Effects of additional treatment with troglitazone (+T) on FPG and IRIl. Values are the mean *+ SEM. *P < .05. () Before addition of
troglitazone; (W) after 3 months of troglitazone. The control group received no medication: (CI) before and (M) after 3 months. D, diet; S,

suifonylurea.
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Table 3. Effects of 3-Month Additional Treatment With
Troglitazone on Fat Distribution Evaluated by CT Scanning at the
Umbilical Level {male subjects only)

Group Parameter Before After 3 Months

D+Ti(n=10) Vfat(cm?) 132.8 =21.3 122.6 = 22.1

Sfat(cm?) 1211 =135 1260 = 17.4

V/S ratio 1.09+0.11 0.94 = 0.09%
S+Tin=7) Vfat (cm?) 139.7 =12.0 1326+ 11.8
Sfat{cm?) 1089 = 13.1 118.8 £ 17.0
V/S ratio 1.44 = 0.28 1.33 = 0.27
Diet only (control, n = 16} Vfat{cm?) 892+ 124 834 13.0
Sfat(cm2) 99.9 + 14.7 97.3 = 15.7
V/S ratio 0.94 = 0.08 0.91 = 0.01

NOTE. Values are the mean + SEM.
*P<.05.

glycemic control within 1 month, other subjects showed
improvement only after 3 months, indicating an interesting
variation in the time course (data not shown). Therefore, we
consider that a period of 3 months may be too short to assess
additional treatment with troglitazone for glycemic control. The
observation that IRI decreased in both troglitazone-treated
groups, and significantly in the D + T group, supporis the
widely held view that insulin secretion does not increase in
response to troglitazone administration.

A notable finding of this clinical study is the suggestion of
differences 1n the response to troglitazone between subcutane-
ous and visceral adipose tissue. The tendency for subcutaneous
fat to increase while visceral fat decreased, producing a
significant decrease in the V/S ratio in the D + T group, points
to a link between lipid metabolism and enhanced insulin
sensitivity. It is suggested that many factors, genetics. aging,
hormones, diet. exercise, stress, etc., may affect fat distribution
in humans.?*2® Above all. there is speculation that hyperinsulin-
emia, resulting from a hypersensitive hypothalamic-pituitary-
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Fig 4. Effect of additional treatment with troglitazone (+T) on V/S
ratio. Values are the mean = SEM. *P < .05. ([J) Before addition of
troglitazone; (M) after 3 months of troglitazone. The control group
received no medication: ((J) before and (M) after 3 months. D, diet; S,
sulfonylurea.
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adrenal axis state due to stress, promotes lipid accumulation in
visceral adipose tissue.?%>* Visceral adipose tissue has higher
metabolic activity, as well as higher lipolytic activity, compared
with subcutaneous adipose tissue.?’-3! The amount of adipose
tissue may change within 3 months.>35 In our study. the
decrease of serum insulin by troglitazone treatment might be
related to the decrease of visceral adipose tissue. Differences in
insulin action and in gene expression between subcutaneous and
visceral adipose tissue have been shown by wm vitro studies.?%37
Our data demonstrate for the first time that troglitazone
treatment may cause a change in fat distribution in vivo.

In this study, the decrease in the V/S ratio was not correlated
with the decrease in mean BP, FPG, or IRL. However. because it
is recognized that the accumulation of visceral fat is linked with
increases in BP, FPG, and IRI and the development of macrovas-
cular disease,'®’3 further studies are needed with a greater
number of subjects (including females) and a longer duration.

Pioglitazone, another thiazolidinedione, was shown to en-
hance the effects of insulin and IGF-1 on the differentiation of
an established adipocyte cell line, 3T3-L1." Our findings of
increased IGF-1 levels in both treatment groups, with a
statistically significant increment in the D + T group, support
the proposition that IGF-1 may be related to the differentiation
of adipose tissue.*38

There was no significant change in the leptin level. With in
vitro studies, troglitazone caused adipose tissue to produce less
leptin. 3?40 However. our results support the possibility that there
may be no direct relationship between troglitazone and serum
leptin in vivo,*

Overall, a greater improvement in metabolic parameters was
observed in the D + T group versus the S + T group. We
speculate that this derives from the fact that patients who need
sulfonylureas may have less total body fat because of insuffi-
cient basal and postprandial insulin secretion. Troglitazone is
regarded to exert its action on adipocytes, and thus subjects with
less fat are less sensitive to the effects of this agent. Regarding
concomitant therapy, the efficacy of troglitazone in combination
with insulin was reported.’ The possible additive, or even
synergistic, effects of the other treatments used in this study
must be evaluated in future clinical trials with a larger number
of subjects. Given the markedly different mechanisms of action
of thiazolidinediones, a-glucosidase inhibitors, and classic
sulfonylureas, these agents may be suitable for different dia-
betic subgroups. This possibility also requires further study.

Peroxisome proliferator-activated receptor-gamma (PPARY),
which is present in the nuclear protein of adipocytes, is a major
factor involved in decreasing tumor necrosis factor-alpha and
fatty acid levels.*>* There is evidence from a murine model that
thiazolidinediones act on PPARvy, although the mechanism has
not been elucidated.*34

In conclusion, we have evaluated the clinical additional
effects of troglitazone in combination with diet or sulfonylurea
treatment on fat distribution in patients with type 2 diabetes
mellitus. Our data support previous findings of the blood
glucose-lowering action of this agent, with a decrease in the
insulin leve]. It is also suggested that troglitazone treatment for
3 months may cause a change in fat distribution.

ACKNOWLEDGMENT
We thank Dr Wendy Gray for editing the manuscript.



1106

KAWAI ET AL

REFERENCES

1. Olefsky JM: Pathogenesis of insulin resistance and hyperglycemia
in non—insulin-dependent diabetes mellitus. Am J Med 79:1-7, 1985
(suppl 3B)

2. Horikoshi H, Fujiwara T, Yoshioka T, et al: Pharmacological
characteristics of new anti-diabetic agent CS-045 in diabetic animals, in
Shafrir E (ed): Frontiers in Diabetic Research, Lessons From Animal
Diabetes 3. London, UK, Smith-Gordon, 1990, pp 320-324

3. Fujita T, Sugiyama Y, Taketomi S, et al: Reduction of insulin
resistance in obese and/or diabetic animals by 5-[4-(1 methylcyclohex-
ylmethoxy) benzyl]-thiazolidine-2.4-dione (ADD-3878, U-63,287, cig-
litazone). a new anti-diabetic agent. Diabetes 32:804-810, 1983

4. Chang AY. Wyse BM, Gilchrist B, et al: Ciglitazone, a new
hypoglycemic agent. 1. Studies in ob/ob and db/db mice, diabetic
Chinese hamsters, and normal and streptozotocin-diabetic rats. Diabetes
32:830-838, 1983

5. Hosokawa T, Ando K, Tamura G: An ascochlorin derivative,
AS-6, reduces insulin resistance in the genetically obese diabetic
mouse, db/db. Diabetes 34:267-274, 1985

6. Fujiwara T, Yoshioka S, Yoshioka T, et al: Characterization of new
oral anti-diabetic agent CS-045; studies in KK and ob/ob mice and
Zucker fatty rats. Diabetes 37:1549-1558, 1988

7. Mimura K, Umeda F, Hiramatsu S, et al: Effects of a new oral
hypoglycemic agent (CS-045) on metabolic abnormalities and insulin
resistance in type 2 diabetes. Diabet Med 11:685-691, 1994

8. Suter SL, Nolan JJ, Wallace P, et al: Metabolic effects of new oral
hypoglycemic agent troglitazone in NIDDM subjects. Diabetes Care
15:193-203, 1992

9. Kuzuya T, Iwamoto Y, Kosaka K, et al: A pilot clinical trial of a
new oral hypoglycemic agent, CS-045, in patients with non—insulin
dependent diabetes mellitus. Diabetes Res Clin Pract 11:147-154, 1991

10. Goodpaster BH. Thaete FL, Simoneau JA, et al: Subcutaneous
abdominal fat and thigh muscle composition predict insulin sessitivity
independently of visceral fat. Diabetes 46:1579-1585. 1997

11. Alessi MC. Pieretti F, Morange P, et al: Production of plasmino-
gen activator 1 by human adipose tissue: Possible link between visceral
fat and vascular disease. Diabetes 46:860-867, 1997

12. Jensen MD: Health consequences of fat distribution. Horm Res
48:88-92. 1997 (suppl 5)

13. Nakamura T. Kobayashi H, Yanagi K. et al: Importance of
intra-abdominal visceral fat accumulation to coronary atherosclerosis in
heterozygous familial hypercholesterolaemia. Int J Obes Relat Metab
Disord 21:580-586, 1997

14. Sizer KM, Smith CL, Jacob CS, et al: Pioglitazone promotes
insulin-induced activation of phosphoinositide 3-kinase m 3T3-L1
adipocytes, inhibiting a negative control mechanism. Mol Cell Endocri-
nol 102:119-129, 1994

15. Hirose H, Saito I, Kawai T, et al: Serum leptin level: Possible
assoclation with haematopoiesis in adolescents, independent of body
mass index and serum insulin. Clin Sci 94:633-636, 1998

16. Tokunaga K, Matsuzawa Y, Ishikawa K. et al: A novel technique
for determination of body fat by computed tomography. Int J Obes Relat
Metab Disord 7:437-445, 1983

17. Yoshioka S, Nishino H, Shiraki T, et al: Antihypertensive effects
of CS-045 treatment in obese Zucker rats. Metabolism 42:75-80, 1993

18. Kosaka K, Kuzuya T, Akanuma Y, et al: Clinical evaluation of a
new oral hypoglycemic drug CS-045 in patients with non—insulin
dependent diabetes mellitus poorly controlled by diet alone—A double
blind, placebo controlled study. J Clin Ther Med 9:61-93, 1993
(suppl 3)

19. Ogihara T, Rakugi H, Ikegami H. et al: Enhancement of insulin
sensttivity by troglitazone lowers blood pressure in diabetic hyperten-
sives. Am J Hypertens 8:316-320, 1995

20. Bjomtorp P: The regulation of adipose tissue distribution in
humans. Int J Obes Relat Metab Disord 20:291-302, 1996

21. Rosmond R, Lapidus L, Mérin P, et al: Mental distress, obesity
and body fat distribution in middle-aged men. Obes Res 4:245-252,
1996

22. Ljung T, Andersson B, Bengtsson B-A, et al: Inhibition of
cortisol secretion by dexamethasone in relation to body fat distribution:
A dose-response study. Obes Res 4:277-282. 1996

23. Rosmond R, Bjorntorp P: Endocrine and metabolic aberrations
in men with abdominal obesity in relation to anxio-depressive infirmity.
Metabolism 47:1187-1193, 1998

24. Rosmond R. Bjorntorp P: The interactions between hypothalamic-
pituitary-adrenal axis activity, testosterone, insulin-like growth factor 1
and abdominal obesity with metabolism and blood pressure in men. Int J
Obes Relat Metab Disord 22:1184-1196. 1998

25. Seidell IC, Bjorntorp P, Sjostrom L, et al: Visceral fat accumula-
tion in men is positively associated with insulin, glucose. and C-peptide
levels. but negatively with testosterone levels. Metabolism 39:897-901,
1990

26. Haffner SM, Valdez RA, Stern MP, et al: Obesity. body fat
distribution and sex hormones in men. Int J Obes Relat Metab Disord
17:643-649, 1993

27. Bronnegard M, Amer P, Hellsudm L. et al' Glucocorticoid
receptor messenger ribonucleic acid in different regions of human
adipose tissue. Endocrinology 127:1689-1696, 1990

28. Després J-P: Body fat distribution, exercise and nutrition:
Implications for prevention of atherogenic dyslipidemia, coronary heart
disease, and non—insulin dependent diabetes mellitus, in Lamb DR,
Murray R (eds): Perspectives in Exercise Science and Sports Medicine,
Vol II. Exercise, Nutrition, and Weight Control. Carmel, IN, Cooper
Publishing Group, 1998, pp 107-150

29. Ostman J, Arner P, Engfeldt P, et al: Regional differences in the
control of lipolysis in human adipose tissue. Metabolism 28:1198-1205,
1979

30. Rebuffe-Scrive M, Andersson B, Olbe L. et al: Metabolism of
adipose tissue in intraabdominal depots of nonobese men and women.
Metabolism 38:453-458, 1989

31. Shimomura I, Tokunaga K, Kotani K. et al: Marked reduction of
acyl-CoA synthetase activity and mRNA in intra-abdominal visceral fat
by physical exercise. Am J Physiol 28:E44-E50, 1993

32. Marin P, Rebuffé-Scrive M, Bjormtorp P: Uptake of triglyceride
fatty acids in adipose tissue in vivo in man. J Clin Invest 6:131-137,
1990

33. Mérn P, Andersson B, Ottosson M: The morphology and
metabolism of intra-abdominal adipose tissue in men. Metabolism
41:1242-1248, 1992

34. Mirin P, Odén B, Bjorntorp P: Assimilation and mobilization of
triglycertdes in subcutaneous abdominal and femoral adipose tissue in
vivo in men: Effects of androgens. J Clin Endocrinol Metab 80:239-243,
1995

35. Katsuki A, Sumida Y, Murashima S, et al: Serum levels of tumor
necrosis factor-alpha are increased in obese patients with noninsulin-
dependent diabetes mellitus. J Clin Endocrinol Metab 83:859-862. 1998

36. Adams M, Montague CT. Prins JB, et al: Activators of peroxi-
some proliferator—activated receptor-gamma have depot-specific effects
on human preadipocyte differentiation. J Clin Invest 100:3149-3153,
1997

37. Arner P: Differences in lipolysis between human subcutaneous
and omental adipose tissue. Ann Med 27:435-438, 1995

38. Marin P, Kvist H, Lindstedt G, et al: Low concentrations of
insulin-like growth factor-1 in abdominal obesity. Int J Obes Relat
Metab Disord 17:83-89, 1993



EFFECTS OF TROGLITAZONE ON FAT DISTRIBUTION

39. Nolan JJ, Olefsky JM, Nyce MR, et al: Effect of troglitazone on
leptin production: Studies in vitro and in human subjects. Diabetes
45:1276-1278, 1996

40. Burant CF, Sreenan S, Hirano K, et al: Trogltazone action is
mdependent on adipose tissue. J Clin Invest 100:2900-2908, 1997

41. Schwartz S, Raskin P, Fonseca V, et al: Effect of troglitazone in
insulin-treated patients with type 2 diabetes mellitus. N Engl J Med
338:861-866, 1998

42 Zhang B. Berger J, Hu E. et al. Negative regulation of

1107

peroxisome proliferator-activated receptor-gamma gene expression
contributes to the antiadipogenic effects of tumor necrosis factor-alpha.
Mol Endocrinol 11:1457-1466, 1996

43. Spiegelman BM: PPAR-gamma; adipogenic regulator and thiazo-
lidinedione receptor. Diabetes 47:507-514, 1998

44. Zhang B, Berger J, Zhou G, et al: Insulin- and mitogen-activated
protein kinase-mediated phosphorylation and activation of peroxisome
proliferator-activated receptor gamma. J Biol Chem 271:31771-31774,
1996



