Troglitazone Prevents the Rise in Visceral Adiposity and Improves Fatty Liver
Associated With Sulfonylurea Therapy—A Randomized Controlled Trial
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Monotherapy with sulfonylurea may result in the exhaustion of pancreatic B-cell function, fat accumulation, and dyslipidemia.
We examined the possibility of dose reduction by administering sulfonylurea together with troglitazone, and investigated
changes in insulin secretion and fat deposition. Seventy-eight patients with type 2 diabetes adequately controlled with
glibenclamide were randomly allocated to a troglitazone (400 mg/d)-added group (n = 40) or a control group without placebo
(n = 38) and monitored for 24 weeks. The daily dose of glibenclamide was adjusted to maintain stable HbA,_ levels. Fat
accumulation to the liver and thigh muscle were measured in mean Hounsfield units determined on computed tomography
(CT) scan. Visceral fat accumulation (V), subcutaneous fat accumulation (S), and the V/S ratio were also determined by CT
scan. The daily dose of glibenclamide and serum fasting insulin level in the troglitazone-added group significantly decreased
(from 4.05 = 2.50 mg/d to 1.84 = 1.65 mg/d and from 8.47 + 4.62 pU/mL to 6.49 + 3.28 pU/mL, respectively) during the
observation period compared with the control group (P < .01 and P < .01, respectively). Serum triglyceride and homeostasis
model insulin resistance index (HOMA-R) in the troglitazone-added group decreased significantly in comparison to the control
group (P < .05 and P < .01, respectively). The mean Hounsfield units of liver significantly decreased in the control group
compared with the troglitazone-added group (P < .05). Visceral fat area and the V/S ratio significantly increased in the control
group compared with the troglitazone-added group (P < .01 and P < .01, respectively). Glibenclamide monotherapy resulted
in fat accumulation accompanied by dyslipidemia. An alternate conclusion is that troglitazone reversed type 2 diabetes (not
sulfonylurea)-associated fat accumulation. The addition of troglitazone decreased daily doses of glibenclamide, preserved
fasting insulin secretion, improved fat accumulation in liver, and prevented dyslipidemia.
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ROGLITAZONE, a thiazolidinedione derivative, has been has been reported that hyperinsulinemia not only facilitates fat
reported to have a novel antidiabetic effect by improving synthesis/deposition, but is also a risk factor for cardiovascular
insulin resistance and hyperglycemia in type 2 diabetic patientscomplications? In type 2 diabetic patients, who already have
As an added benefit, troglitazone can also improve blood lipidmultiple risk factors for cardiovascular complications, weight
levels in these patients. Many studies suggest that the maigain accompanied by increases in fat accumulation in the
mechanism of action of troglitazone at the organ level isvisceral fatty tissue, skeletal muscles, and liver may adversely
enhanced glucose uptake into the skeletal muscle and inhibitioaffect long-term prognoseés’
of excessive hepatic glucose production. Preservation of the ability to secrete endogenous insulin is an
In vitro experimental systems have demonstrated that a thialmportant issue in type 2 diabetic patients. Deterioration of
zolidinedione derivative promotes the differentiation of preadi- 8-cell function is an important component of type 2 diabetes.
pose cells into fat cells. Peroxisome proliferation-activatedHowever, only a few clinical reports on a decrease in endog-
receptory (PPAR+y) plays an important role in the process of €nous insulin secretion due to excessive stimulation of insulin
preadipocyte differentiation. Thiazolidinediones are ligands forsecretion by a sulfonylurea have been publishedconsider-
the activation of PPARy.2 Sulfonylureas are widely prescribed ation of the excessive load imposed on the remaigioglls by
to patients with type 2 diabetes. Sulfonylureas stimulate insulifnsulin secretion, such load with endogenous insulin secretion
secretion from pancreatig cells, and body weight gain has Should be reduced as much as possible. Improvement of hy-
been reported in patients with type 2 diabetes treated witHPerinsulinemia also decreases the risk of cardiovascular com-

sulfonylureas. plications? o .
The results of the United Kingdom Prospective Diabetes We examined the possibility of reducing the treatment dose

Study (UKPDS) revealed no significant increases in cardiovaspf sulfonylurea for type 2 diabetic patients by administering it

cular complications in type 2 diabetic patients during sulfonyl-togeth_er with troglltazone_,_and exam_lne_d th_e changes in insulin
ecretion and fat deposition and distribution that took place

urea treatment. However, body weight gain over a 10-yea . T
y on* g y under this combination therapy.

period was about 6 kg Any weight gain may further aggravate
insulin resistance and cause compensatory hyperinsulinemia. It MATERIALS AND METHODS

We performed a pilot study to determine the sample size. Fifty
outpatients with type 2 diabetes treated with glibenclamide at the

From the Jikei University School of Medicine, Tokyo; Kawaguchi Kawaguchi Municipal Medical Center were examined to determine the
Municipal Medical Center, Kawaguchi; and the Inoue Clinic, Ohme, mean daily dose of glibenclamide, which was 3t93.066 mg/d.

Japan. Although this dose may be low compared with the dose in North
Submitted April 15, 2000; accepted October 13, 2000. America, the maximum dose of glibenclamide was restricted to 10
Address reprint requests to Shuichi Katoh, MD, Nakao 1458-4,mg/d by a Japanese regulation. A primary outcome measure is dose

Urawa, Saitama, 336-0932 Japan. reduction of glibenclamide from 4.0 mg/d to 2.0 mg/d. To ensure an
Copyright© 2001 by W.B. Saunders Company 80% chance of finding a significant difference using a 2-sided signif-
0026-0495/01/5004-0008$35.00/0 icance test would require a sample size of 37 patients in each group.
doi:10.1053/meta.2001.21691 Seventy-eight outpatients with type 2 diabetes adequately controlled
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(HbA,. 6.782% = 0.605%) with glibenclamide at the Kawaguchi

415

Table 1. Clinical Profiles of Patients

Municipal Medical Center were randomly allocated to a troglitazone

Troglitazone-Added

(400 mg/d)-added group (A 40) and a control group without placebo Group Control Group
(n = 38) by envelope method and monitored for 24 weeks. All patients No. of patient 2 8
provided informed consent and were enrolled from November 1997 GO'Z patients
through May 1998. All had received dietary supervision in the past. At ender
. . . . Male 27 28
the start of the open trial, patients were instructed to continue on the e | 13 12
same diet therapy as before. The daily dose of glibenclamide wasA e'(m)e 59.425 + 8.676 58.421 + 9.220
adjusted to maintain HbA at baseline level. The daily dose of glib ge tyr ) ' e ' e
. ..Body mass index (kg/m?) 25.274 + 3.867 24.822 + 3.816
enclamide was decreased every 2 months by 2.5 mg/d or 1.25 mg/d |f°/F ; 27617 + 7732 T
the HbA, . level decreased by 0.5% or 0.25%, respectively. D° a tion (yr) 7'128 N 6.820 7.866 . 6 9'17
Fat accumulation in the liver, psoas muscle, and thigh muscle was uration Yr ) ' - ' -
. . . Dose of glibenclamide
evaluated by mean Hounsfield units of liver (LmHU), psoas muscle (ma/d) 4.052 + 2.499 3.651 + 2.717
(PmHU) at the umbilicus level, and thigh muscle (TmHU) at the Hb?g (%) 6.862 N 0'568 6'701 :0'639
mid-femoral level by abdominal computed tomography (CT) $¢an. F t_1° OI | R T
Body fat distribution was determined by CT imaging according to the asting p'asma glucose
(mg/dL) 146.974 + 33.368 146.184 * 30.791

procedure of Tokunaga et @alMost of the radiographs covered a
window close to 500 HU and centered at approximately -40 HU. The
subcutaneous fat layer was clearly defined between the skin and muscl
in the range from about -40 to -140 HU. The intraperitoneal part had the .
same density as the subcutaneous fat layer and was considered th'és‘)artate aminotransferase
visceral fat area. The total cross-cut area, subcutaneous fat area, muscle “U,/L) )
plus bone, intraperitoneal area, and visceral fat area were respectively ' 2"ne aminotransferase
measured at the umbilicus level in all subjects. Each ared)(ermas “U,/L)

. . . L Cholineesterase (U/mL)
measured by tracing object contours on the picture of each individual
scan using the computerized planimetric method. The ratio of the *Clutamyltransferase (IU/
intra-abdominal visceral fat area (V) to subcutaneous fat area (S), a mL)

. . . Total cholesterol (mg/dL)

value adopted as an index of the relative amount of visceral fat, was_". A
calculated. Total body fat composition (%fat) was evaluated by the 'n9/veeride (mg/dL)
bioelectrical impedance analysis mettdgasting immunoreactive in- HDL _°h°|eSte_r°| (mg/dL)
sulin (IRI) and plasma C-peptide immunoreactivity (CPR) were mea- Apo'!pommefn A l{mg/dL)
sured in both groups before and after the study. The homeostasis modefP°'Poprotein B (mg/dL)
insulin resistance index (HOMA-R) (fasting glucose [mmolk Jfast- Apolipoprotein B/A |
. . . . . . Blood pressure
ing insulin [mU/L]/22.5) was used for simple assessment of insulin )
sensitivity’® The blood glucose level was determined by the hexoki-  SYSto'ic (mm Hg)
nase method, IRI by the enzyme-linked immunosorbent assay (ELISA) _D'asml'c {mm Hg)2
method, HbA, by high-performance liquid chromatography (HPLC) Visceral fat area (cm®)
(Shionogi, Settsu, Osaka, Japan), and lipid and hepatic function bySuPcutaneous fat area

Fasting IRl (uU/mL)
gasting CPR (ng/mL)
MA-R

4 (cm?)
enzymatic methods. /S rati
All values are the means SD. A repeated-measures ANOVA was ratio . .
. L . . . Mean Hounsfield unit
applied to detect significant differences and interactions between Li
groups. P values less than .05 were considered to be statistically tver
. R X . Psoas muscle
significant. All analyses were completed on an intention-to-treat basis. )
Thigh muscle

8.470 * 4.620
2.594 = 1.230
3.357 + 2.939

24.000 + 8.373

26.175 * 12.782
6.093 = 1.176

31.100 * 23.302
197.125 = 38.737
133.846 + 77.211

53.744 + 10.615
126.684 + 19.566
103.162 + 24.633

0.836 + 0.247

144.162 + 15.939
84.920 *+ 9.832
126.624 + 57.551

145.176 + 73.815
0.960 = 0.370

55.199 + 9.762
47.708 = 5.634
46.849 * 7.897

6.863 = 2.952
2.122 = 0.790
2.535 + 1.355

22.026 * 6.537

26.447 * 15.335
5.847 = 1.201

23.789 * 16.017
202.421 = 32.599
124.026 + 60.472

56.216 + 14.591
125.632 + 24.275

95.184 * 21.217

0.793 + 0.258

139.921 + 12.667
81.974 = 7.027
112.393 + 51.584

152.366 + 97.327
0.874 = 0.416

55.478 + 7.314
48.792 * 5.262
46.765 = 4.819

RESULTS

All patients completed the trial. Their baseline characteristicsand P < .01, respectively) after 24 weeks in comparison to
are compared in Table 1. The groups were similar in clinicalvalues in the control group. Serum high-density lipoprotein
profiles. Fasting plasma glucose, fasting plasma CPR, andholesterol in the troglitazone-added group significarfly<(
HOMA (resistance) were slightly higher in troglitazone-added .05) increased after 24 weeks compared with that in the control
group, but not to a significant degree. Mean fasting plasmagroup. There were no significant changes in atherogenic apo-
glucose levels in both groups before treatment were somewhadipoprotein index (apolipoprotein B/Al) in the troglitazone-
greater than the published guidelines, which recommend fastadded group during the observation period. The index in the
ing plasma glucose levels be maintained at less than 128ontrol group increased during the same period, although the
mg/dL 21 interaction was not statistically significant. LmHU decreased

Interactions between the 2 groups were tested by repeatedsignificantly in the control group compared with the troglita-
measures ANOVA (Table 2). There were no significant differ- zone-added groupP( < .05). A low mean Hounsfield unit
ences in body mass index, %fat, HQAand fasting plasma suggests fat deposition into the tisst€.PmHU and TmHU
glucose between the groups during the observation period. ldecreased in both groups. We found that visceral fat area and
the troglitazone-added group, daily dose of glibenclamide, sethe V/S ratio significantly decreased in the troglitazone-added
rum fasting IRI, fasting CPR, alanine aminotransferasglu- group compared with the control group € .01 andP < .01,
tamyltransferase, triglyceride, and HOMA-R decreased signif-respectively), although subcutaneous fat area increased in both
icantly (P < .01,P < .01,P < .01,P < .01,P < .01P < .05, groups during the observation period (Table 2).
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Table 2. Comparison of Status in Patients of Troglitazone-Added Group and Control Group
Troglitazone-Added Group Control Group
0 wk 24 wk 0 wk 24 wk P Value*

Body mass index (kg/m?) 25.274 + 3.867 25.230 + 3.880 24.822 = 3.816 25.565 + 4.693 NS
%Fat 27.617 £7.732 27.183 + 7.656 30.874 * 14.257 27.162 £ 9.216 NS
Dose of glibenclamide (mg/d) 4.052 + 2.499 1.844 + 1.650 3.651 + 2.717 3.784 + 3.194 <.01
HbA, . (%) 6.862 + 0.568 6.823 = 0.966 6.701 = 0.639 6.895 + 0.764 NS
Fasting plasma glucose (mg/dL) 146.974 + 33.368 137.000 + 30.650 146.184 + 30.791 139.324 + 28.533 NS
Fasting IRl (nU/mL) 8.470 + 4.620 6.492 + 3.275 6.863 = 2.952 7.637 + 3.525 <.01
Fasting CPR (ng/mL) 2.594 = 1.230 1.905 + 0.841 2.122 = 0.790 2.308 = 1.515 <.01
HOMA-R 3.357 + 2.939 2.315 = 1.725 2.535 *+ 1.355 2.703 = 1.459 <.01
Aspartate aminotransferase (IU/L) 24.000 =+ 8.373 23.050 + 7.706 22.026 * 6.537 23.474 + 7.986 NS
Alanine aminotransferase (IU/L) 26.175 * 12.782 21.026 + 12.938 26.447 * 15.335 30.395 = 23.671 <.01
Cholineesterase (U/mL) 6.093 + 1.176 5.941 = 1.269 5.847 = 1.201 5.759 = 1.230 NS
y-Glutamyltransferase (IU/mL) 31.100 * 23.302 20.200 + 18.432 23.789 * 16.017 26.368 + 17.232 <.01
Total cholesterol (mg/dL) 197.125 + 38.737 208.650 + 25.260 202.421 = 32.599 201.632 + 26.201 NS
Triglyceride (mg/dL) 133.846 + 77.211 111.026 + 50.069 124.026 + 60.472 131.395 + 84.298 <.05
HDL cholesterol (mg/dL) 53.744 + 10.615 61.025 + 15.266 56.216 + 14.591 57.342 + 16.743 <.05
Apolipoprotein A | (mg/dL) 126.684 + 19.566 137.425 + 18.656 125.632 + 24.275 138.079 + 21.635 NS
Apolipoprotein B (mg/dL) 103.162 + 24.633 104.103 + 18.496 95.184 * 21.217 102.000 + 16.778 NS
Apolipoprotein B/A | 0.836 + 0.247 0.844 = 0.231 0.793 + 0.258 0.849 + 0.234 NS
Blood pressure

Systolic (mm Hg) 144.162 + 15.939 145.250 + 12.215 139.921 + 12.667 143.265 + 18.323 NS

Diastolic (mm Hg) 84.920 * 9.832 84.075 * 7.862 81.974 = 7.027 83.853 = 12.896 NS
Visceral fat area (cm?) 126.624 * 57.551 113.734 = 57.953 112.393 + 51.584 126.124 + 54.293 <.01

A=-10.2% A= +122%
Subcutaneous fat area (cm?) 145.176 + 73.815 168.615 + 107.467 152.366 + 97.327 168.241 + 112.316 NS
A= +16.1% A= +10.4%

V/S ratio (by CT) 0.960 + 0.370 0.796 = 0.370 0.874 + 0.416 0.912 + 0.439 <.01
Mean Hounsfield unit

Liver 55.199 + 9.762 53.362 * 6.771 55.478 + 7.314 50.294 * 9.276 <.05

Psoas muscle 47.708 + 5.634 45.204 = 10.239 48.792 * 5.262 44.760 = 4.453 NS

Thigh muscle 46.849 + 7.897 41.851 *= 6.755 46.765 * 4.819 43.500 * 4.802 NS

* P values were evaluated for the variances for treatment by time interaction by a repeated-measures ANOVA. NS, not significant.

CONCLUSION by troglitazoné® or its direct effect on hepatocytésAlthough

In the present study, the patients satisfactorily followed dietV& Measured aspartate aminotransferase and alanine amino-
therapy during the 24-week observation period, and no Signif_transferase levels every month to detect liver dysfunction, there
icant weight gain was observed in either group, unlike in theWas N0 liver damage in the troglitazone-added group during the
UKPDS. However, a single treatment with a sulfonylurea in- observation period. Long-term troglitazone treatment improved
creased fat depositions in the liver and visceral adipose tissudatty liver. Based on the results of the present study, it can be
which was accompanied by worsened serum triglyceride levelnypothesized that the inhibition of fat deposition in the liver by
Who can definitely say that fat deposition and lipid metabolismtroglitazone is a mechanism of beneficial action of troglitazone
disturbance have no adverse effects on long-term prognosi®r glucose and lipid metabolism in type 2 diabetic patients.
over 20 or 30 yeard?14In the troglitazone-added group, fat Mori et al reported not only a selective increase in subcutane-
deposition in the liver was decreased, and no worsening ofus fat accumulation, but also an increase in visceral fat accu-
serum triglyceride level was observed. However, troglitazonemulation by adding troglitazone to sulfonylurea therapfif-
failed to significantly inhibit lipid depositions in the skeletal fering from their report, we observed no selective increase in
muscle and subcutaneous adipose tissue, which are target ofisceral fat accumulation after adding troglitazone to sulfonyl-
gans of troglitazone. Because inhibition of endogenous insulirkirea therapy. In the present study, a marked decrease in blood
secretion by troglitazone was observed from a relatively earlyinsulin level was successfully achieved while the dose of sul-
period after the start of administration, it is inferred that a fonylurea was reduced with the purpose of maintaining HbA
decrease in blood insulin level over a long period of time at a certain level. This could offset the visceral fat accumula-
resulted in the inhibition of fat deposition in the liver. Insulin tion, resulting in a significant decrease in V/S ratio, in addition
action in skeletal muscle and adipose tissue is enhanced bip a decrease in visceral fat. Differences in visceral fat accu-
troglitazone, offsetting the inhibition of fat depositions in the mulation with troglitazone may also be related to the length of
skeletal muscle and subcutaneous adipose tissue. Howevdrgatment. However, the subcutaneous fat area and the body
there is another possibility. Fat deposition in the liver may beweight increased in obese women with type 2 diabetes, al-
inhibited by the decrease in free fatty acid level in portal veinthough troglitazone sufficiently controlled their blood glucose
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levels. The difference in the response of men and women to thshifted the slope upwards and to the right. This, and our data,
troglitazone-glibenclamide combination may due to the differ- suggest that insulin-preserving antidiabetic agents such as met-
ence in the area of subcutaneous fat at the baseline. At baselinfarmin and thiazolidinedione may delgg-cell failure com-
women had a large subcutaneous area compared with men pared with single-agent sulfonylurea treatment. Most Japanese
the troglitazone-treated group. A hormonal difference and/ompatients with type 2 diabetes genetically have a low secretory
genetic difference of gender may also contribute to the dissimeapacity of insulin to compensate for insulin resistance and
ilarity. Prescribing troglitazone for type 2 diabetic patients who hyperglycemia. Therefore, a slight deterioration of hyperinsu-
cannot control food intake and who cannot exercise well maylinemia and insulin resistance from a single treatment with
result in the secondary failure because the capacity of fasulfonylurea may result in an overload of insulin secretid#
deposition is not infinite. Since these results were obtained from Japanese type 2 diabetic
With regard to the preservation of endogenous insulin secrepatients with mild obesity, larger effects might expected in type
tion, the results of our clinical study clearly indicate that the 2 diabetic patients with severe obesity in North Europe and
addition of troglitazone to sulfonylurea therapy can reduce theNorth America.
dose of sulfonylurea, even in type 2 diabetic patients whose The sale of troglitazone was voluntarily discontinued in the
blood glucose levels have been satisfactorily controlled withUnited States. There have not been any death cases caused by
the sulfonylurea alone, and that troglitazone is expected tdroglitazone in Japan since the warning of possible liver dam-
decrease the load ghcells by insulin secretion and to preserve age.
the ability of insulin secretiof8 Although the UKPDS data Further fundamental and clinical studies are necessary to
show that the slopes for decline gicell function are equiva-  verify the above findings and hypotheses regarding thiazoli-
lent between metformin and sulfonylurea, metformin treatmentdiedione.
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