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Type 2 diabetes mellitus is characterized by insulin-resistant glucose and lipid metabolism. Thiazolidinediones (TZDs)

enhance insulin-mediated glucose disposal, but their effects on lipid kinetics are unknown. We evaluated the effect of the TZD

troglitazone on insulin-mediated suppression of fatty acid and glycerol kinetics. Eight obese men and women (body mass

index [BMI], 34.1 6 2.3 kg/m2) with insulin-requiring type 2 diabetes were studied before and after 12 weeks of troglitazone

therapy (400 mg/d). Whole-body and abdominal fat masses were determined by dual-energy x-ray absorptiometry and

magnetic resonance imaging, respectively. Palmitate and glycerol rates of appearance (Ra) into plasma were evaluated during

a 3-stage hyperinsulinemic euglycemic clamp, which spanned the physiologic range of plasma insulin concentrations that

regulate lipolysis. Troglitazone therapy did not alter body composition. Palmitate and glycerol Ra decreased progressively

during each stage of hyperinsulinemia (P < .001). Suppression of palmitate Ra by insulin was greater after than before

troglitazone therapy (P < .001), whereas glycerol Ra was unchanged. These results demonstrate that TZDs increase insulin-

mediated suppression of fatty acid release into plasma in obese subjects with type 2 diabetes mellitus, which may contribute

to their metabolic benefits. However, TZD therapy did not affect whole-body glycerol Ra, possibly because of upregulation of

lipoprotein lipase action on plasma triglycerides.
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T YPE 2 DIABETES mellitus is characterized by insulin
resistance and inadequate compensatory insulin secre-

tion.1 The consequences of hepatic and peripheral insulin re-
sistance include increased hepatic glucose production, reduced
peripheral glucose uptake, increased lipolysis of adipose tissue
triglycerides, increased very–low-density lipoprotein (VLDL)
production, hyperglycemia, and increased plasma free fatty
acid (FFA) concentrations. Many oral therapeutic agents for
type 2 diabetes stimulate pancreatic insulin secretion, but
do not affect insulin resistance directly. Thiazolidinediones
(TZDs), in contrast, represent a novel approach for treating
type 2 diabetes by increasing peripheral insulin sensitivity.2.
Although troglitazone has been voluntarily removed from the
marketplace by its manufacturer because of the association of
its use with liver disease, several other glitazones continue to be
used safely, and new drugs in this class are undergoing clinical
testing.

TZDs function as ligands for peroxisome proliferator-acti-
vated receptorg (PPARg),3 a member of the nuclear hormone
receptor superfamily involved in adipocyte differentiation.4

TZDs decrease plasma glucose concentration by increasing
insulin-mediated peripheral glucose disposal.5-7 It is likely that
TZDs have a direct effect on postinsulin receptor signaling in
skeletal muscle,8 the major site of insulin-mediated glucose
uptake. However, it is possible also that the mechanism of
TZD’s effect on peripheral glucose metabolism involves en-
hanced insulin sensitivity of adipose tissue. Increased circulat-
ing FFA in patients with type 2 diabetes reduces glucose uptake
by skeletal muscle,9 whereas reductions in FFA with TZD
therapy are associated with improvements in glycemic control
and insulin sensitivity.10,11Therefore, an increased antilipolytic
effect of insulin could enhance skeletal muscle glucose dis-
posal.

The purpose of the present study was to evaluate the effect of
adjunctive TZD treatment on adipose tissue sensitivity to insu-
lin and body composition in patients with type 2 diabetes
receiving insulin therapy. We hypothesized that TZDs (trogli-
tazone) would increase the antilipolytic effect of insulin, but
would not change body fat mass or body fat distribution.

MATERIALS AND METHODS

Subjects

Eight subjects (4 men, 4 women) with type 2 diabetes mellitus
participated in this study, which was approved by the Human Studies
Committee and the General Clinical Research Center (GCRC) Scien-
tific Advisory Committee of Washington University School of Medi-
cine. Written informed consent was obtained from all volunteers before
their participation. All subjects were being treated with at least 30 U of
insulin daily. Subjects were screened with a careful medical examina-
tion, including a history, physical examination, resting electrocardio-
gram, routine blood tests, hemoglobin A1C, oral glucose tolerance test,
and a urine pregnancy test for females. Subjects with hemoglobin A1C

values between 7% and 11% and peak plasma C-peptide concentrations
greater than 1.5 ng/mL during the oral glucose tolerance test were
eligible for participation in this study. Individuals with evidence of
significant organ system dysfunction or pregnancy were excluded.
Subjects were studied on 2 occasions, before and at the end of 12 weeks
of TZD therapy.

Body composition assessment.Total body fat and fat-free masses
were determined by dual-energy x-ray absorptiometry (Hologic QDR
1,000/w, Waltham, MA).12 Abdominal (subcutaneous and intra-abdom-
inal) adipose tissue was quantified by magnetic resonance imaging
(Siemens, Iselin, NJ).13 A single slice image at the L2-L3 interspace was
analyzed for subcutaneous and intra-abdominal adipose tissue content.

Isotope infusion study/hyerpinsulinemic euglycemic clamp.Sub-
jects were admitted to the GCRC at Washington University School of
Medicine (day 1). Their habitual insulin regimen was discontinued in
the morning, and regular insulin was given subcutaneously with lunch
(1:00 PM) and dinner (6:00PM). Dinner consisted of a standard Amer-
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ican Diabetes Association (ADA) meal containing 12 kcal/kg adjusted
body weight (ideal body weight1 [(actual body weight - ideal body
weight)3 0.25]), which averaged 9226 63 kcal and was composed of
55% carbohydrate, 15% protein, and 30% fat. An ADA snack contain-
ing 2456 39 kcal was served at 9:00PM. At 8:00 PM, 2 intravenous
catheters were inserted; 1 was placed in a dorsal hand or wrist vein for
blood glucose monitoring and the second in an antecubital vein for
insulin infusion. A constant infusion of insulin was started at an initial
rate of 15.166 4.25 mUz m-2 z min-1 and was adjusted as needed every
hour to maintain blood glucose concentration between 80 and 120
mg/dL.

The insulin infusion was discontinued at 5:00AM on day 2. An
isotope infusion protocol was started at 6:00AM (Fig 1). The catheter
placed in the hand or wrist vein was used to obtain arterialized blood
samples by placing the subject’s hand in a box heated to 60°C. The
catheter placed in the antecubital vein was used to infuse hormones and
a third intravenous catheter was inserted into the contralateral antecu-
bital vein to infuse stable isotope tracers.

After baseline blood samples were obtained, a primed (1.5mmol/kg)
constant (0.10mmol z kg-1 z min-1) infusion of [1,1,2,2,3-2H5]glycerol
and a constant infusion (0.04mmol z kg-1 z min-1) of [1-13C]palmitate
were started and continued for 6 hours. After a baseline period (0 to 90
minutes), a 3-stage hyperinsulinemic, euglycemic clamp was started
(Fig 1).1 Somatostatin (0.12mg z kg-1 z min-1) and growth hormone
(0.005 mg z kg-1 z min-1) were infused continuously throughout the
clamp. Glucagon was not administered, because changes in glucagon
concentrations in the physiologic range do not affect lipid kinetics.14

During each of the three 90-minute stages of the clamp, insulin was
infused at rates of 5, 15, and 30 mUz m-2 z min-1, respectively.
Euglycemia was maintained by a variable rate infusion of 20% dex-
trose.

Blood samples were obtained before beginning the isotope infusion
to determine baseline plasma substrate and hormone concentrations and
background isotope enrichments. Blood samples were obtained every 5
minutes during the last 15 minutes of the basal period and each stage
of the hyerpinsulinemic euglycemic clamp to determine plasma sub-
strate and hormone concentrations and lipid kinetics. Blood samples
also were obtained every 5 minutes throughout the clamp to determine
plasma glucose concentrations.

TZD therapy. After the preliminary body composition analyses and
isotope infusion study/hyerpinsulinemic euglycemic clamp were com-
pleted, each subject began a 12-week course of troglitazone (Rezulin,
Parke-Davis, Morris Plains, NJ) therapy (400 mg/d). Blood glucose

concentrations were measured and recorded by the participants at least
twice daily, and their insulin doses were adjusted as needed to prevent
hypoglycemia. After 4 and 8 weeks of troglitazone treatment, blood
samples were obtained to assess liver biochemistries, insulin, C-pep-
tide, and hemoglobin A1C concentrations. Upon completion of the 12
weeks of drug therapy, blood tests, body composition analyses, and the
isotope infusion study/hyerpinsulinemic euglycemic clamp were re-
peated.

Analyses of Samples

Blood samples. Plasma glucose concentrations were determined
enzymatically with an automated analyzer using a glucose oxidase
reaction (Glucose AutoAnalyzer; Beckman Instruments, Fullerton,
CA). Hemoglobin A1C was determined from whole blood using an
automated cation-exchange high-performance liquid chromatography
(HPLC) method (Bio-Rad Variant HbA1C program; Bio-Rad Labora-
tories, Diagnostic Group, Hercules, CA).15 Plasma insulin16 and C-
peptide17 concentrations were measured by radioimmunoassay. Plasma
total cholesterol, high-density lipoprotein (HDL)-cholesterol, and tri-
glycerides were determined enzymatically (Roche/Hitachi 747 Ana-
lyzer; Roche Diagnostics, Indianapolis, IN) using commercially avail-
able kits; low-density lipoprotein (LDL)-cholesterol was calculated
using the Friedewald equation.18 Plasma catecholamines were deter-
mined by a radioenzymatic method.19

Isotopic enrichment of palmitate and glycerol in plasma were deter-
mined by gas chromatography-mass spectrometry (GC-MS) using an
MSD 5971 system (Hewlett-Packard, Palo Alto, CA) with capillary
column. Plasma samples were analyzed for [13C]palmitate enrichment
as described previously.20 FFAs were isolated from plasma and con-
verted to their methyl esters. Ions formed by electron impact ionization
and ions at mass-to-charge ratio (m/e) 270.2 and 271.2, representing the
molecular ions of unlabeled and labeled methyl esters, respectively,
were selectively monitored. Plasma samples were prepared for analysis
of glycerol isotopic enrichment as described previously.21 Plasma pro-
teins were precipitated with acetone. A heptafluorobutyric acid deriv-
ative of glycerol was formed and ions were produced by electron
impact ionization. Glycerol tracer-to-tracee ratios were determined by
selectively monitoring ions atm/e253 and 257.

Calculations

Steele’s equation for steady-state conditions22 was used to calculate
substrate (palmitate and glycerol) rate of appearance (Ra) in plasma
during the last 30 minutes of the basal period and each stage of the
hyerpinsulinemic euglycemic clamp. Fatty acid Ra was calculated by
dividing palmitate Ra by the percent contribution of palmitate to total
FFA concentration.

Statistical Analysis

The effects of TZD treatment on palmitate Ra and glycerol Ra, total
body fat mass, and abdominal fat mass were evaluated by analysis of
variance (ANOVA) with repeated measures. Significance was accepted
at an alpha level of .05. All values are reported as mean6 SE.

RESULTS

Subjects were 52.86 4.5 yr of age, had type 2 diabetes for
10.86 1.6 years, received insulin therapy for 7.16 1.9 years,
and were being treated with 71.56 8.8 U of insulin/d upon
enrollment into the study. The types of insulin used included
Humulin 70/30 (n5 3), NPH (n5 3), and regular1 NPH (n5
2). The characteristics of the subjects before and after troglita-
zone therapy are shown in Table 1. Troglitazone therapy did
not cause any changes in body weight or body composition.

Fig 1. Schematic diagram of isotope infusion study/hyerpinsu-

linemic euglycemic clamp.
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Plasma metabolic factors before and after troglitazone treat-
ment are shown in Table 2. Troglitazone therapy caused a
significant decrease in fasting plasma glucose concentration
and a trend toward a decrease in plasma HbA1C concentration.
There was also a trend toward a decrease in daily insulin
requirements (726 9 to 576 10 U/d,P 5 .064). Serum lipid
concentrations did not change after 12 weeks of troglitazone
therapy (Table 2).

Liver biochemistries were not affected by troglitazone ther-
apy. Mean values before and after 12 weeks of treatment were
17 6 2 and 136 1 IU/L for alanine amino transferase (SGPT),
21 6 1 and 226 2 IU/L for aspartate amino transferase
(SGOT), 826 5 and 636 4 IU/L for alkaline phosphatase, and
0.66 0.1 and 0.56 0.1 mg/dL for total bilirubin, respectively.

By design, plasma insulin concentration progressively in-
creased with each insulin stage of the hyerpinsulinemic eugly-
cemic clamp and spanned the physiologic range of insulin
concentrations known to regulate lipolysis.23 The plasma insu-
lin concentrations achieved during the clamps performed be-
fore troglitazone therapy were reproduced during the clamps
performed after therapy (Fig 2).

Plasma glucose concentrations remained stable throughout
the 3 stages of the hyperinsulinemic clamp studies, and the
concentrations achieved during the pretreatment clamps (1296
7, 1276 8, 1266 8 mg/dL for stages 1, 2, and 3, respectively),
were reproduced during the posttreatment clamps (1246 4,
124 6 6, 1196 6 mg/dL, P 5 not significant [NS] between
stages and between treatment conditions).

Glucose infusion rate increased with increasing insulin con-
centrations during the hyperinsulinemic euglycemic clamp pro-
cedure, as expected. The rates of glucose disposal, determined
during the last 30 minutes of each insulin stage were not

different after troglitazone treatment compared with values
obtained before treatment (pre: 0.316 12, 0.896 0.20, 1.846
0.56 mg/kg/min; post: 0.516 0.15, 1.026 0.19, 1.886 0.35
mg/kg/min;P , .05 between stages,P 5 NS pre-v posttreat-
ment). The short duration (90 minutes) of each stage of the
hyperinsulinemic clamp procedure did not permit reaching a
steady state in glucose infusion rate.

There was a progressive step-wise decrease in palmitate Ra

as plasma insulin concentrations increased during each insulin
stage of the hyerpinsulinemic euglycemic clamp (Fig 3). After

Table 1. Subject Characteristics Before and After 12 Weeks

of TZD Treatment

Before After

Body weight (kg) 101.7 6 5.1 103.0 6 5.3
Body mass index (kg/m2) 34.1 6 2.3 34.5 6 2.4
Fat mass (%) 37 6 4 36 6 4
Fat mass (kg) 38.8 6 5.7 38.1 6 5.4
Fat-free mass (kg) 62.9 6 3.5 64.8 6 3.7
Abdominal adipose tissue

Subcutaneous (cm2) 345 6 63 338 6 66
Intra-abdominal (cm2) 136 6 28 143 6 26

Plasma leptin (ng/mL) 29 6 9 25 6 7

NOTE. Values are mean 6 SE.

Table 2. Plasma Metabolic Factors Before and After 12 Weeks of

TZD Therapy

Before After P Value

Fasting glucose (mg/dL) 168 6 12 146 6 12 .027
HbA1c (%) 8.7 6 0.5 7.7 6 0.4 .069
Total cholesterol (mg/dL) 177 6 11 179 6 11
LDL-cholesterol (mg/dL) 109 6 10 111 6 7
HDL-cholesterol (mg/dL) 37 6 3 38 6 4
Triglyceride (mg/dL) 153 6 30 147 6 38

NOTE. Values are mean 6 SE.

Fig 2. Plasma insulin concentrations during each stage of the

isotope infusion/hyerpinsulinemic euglycemic clamp study before

(E) and after (F) TZD treatment. Values are mean 6 SE.

Fig 3. Palmitate Ra during each stage of the isotope infusion/

hyerpinsulinemic euglycemic clamp study before (E) and after (F)

TZD treatment. Values are mean 6 SE. P < .05 after troglitazone

therapy relative to before.
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12 weeks of troglitazone treatment, basal palmitate Ra was
lower, and suppression of palmitate Ra in response to hyperin-
sulinemia was greater compared with values obtained before
TZD treatment (P , .05). Glycerol Ra also decreased in a
step-wise fashion during each insulin stage of the hyerpinsu-
linemic euglycemic clamp (Fig 4). However, 12 weeks of
troglitazone therapy did not alter basal glycerol Ra or glycerol
Ra during hyperinsulinemia.

Basal FFA concentration did not change with treatment (pre:
0.536 6 0.058; post: 0.4586 0.031 mmol/mL P 5 .164).
However, there was a trend toward a reduction in total FFA
concentrations during hyperinsulinemia after TZD therapy
(pre- v poststage 1: 0.4656 0.083 and 0.3766 0.065mmol/
mL, P 5 .076; stage 2: 0.3486 0.083 and 0.2296 0.066
mmol/mL, P 5 .100; and stage 3: 0.1956 0.058 and 0.1306
0.059mmol/mL, P 5 .052.).

DISCUSSION

TZDs are effective agents for treating patients with type 2
diabetes mellitus because they increase insulin-mediated glu-
cose disposal.6 We hypothesized that TZDs also enhance insu-
lin action in adipose tissue, which contributes to their effect on
muscle glucose uptake by decreasing plasma fatty acid avail-
ability.24 Therefore, in the present study, we evaluated the
effect of the TZD troglitazone on insulin-mediated suppression
of palmitate and glycerol Ra in patients with type 2 diabetes
mellitus. Palmitate Ra, which provides an index of fatty acid
release from adipose tissue, and glycerol Ra, which provides an
index of lipolysis of adipose tissue and plasma triglycerides,
were evaluated across a physiologic range of plasma insulin
concentrations known to regulate lipolysis. Our results demon-
strate that 12 weeks of troglitazone therapy enhance insulin
suppression of fatty acid release into plasma, but do not affect
glycerol Ra. These data support the notion that TZDs’ effect on

fatty acid metabolism in adipose tissue contributes to their
effect on glucose metabolism in skeletal muscle.

The mechanism(s) responsible for the different effects of
troglitazone on palmitate and glycerol kinetics is not clear. It is
possible that troglitazone’s effect on both insulin and lipopro-
tein lipase (LPL) action may be responsible. The precise mech-
anism responsible for troglitazone’s effect on adipose tissue
lipolytic activity is unknown, but is likely related to the TZDs’
function as a ligand for PPARg.3 Furthermore, PPARg may
enhance postinsulin receptor signaling.25,26 The potential im-
portance of TZD activation of PPARg is underscored by the
observation that adipose tissue PPARg expression is 10- to
30-fold higher than that found in muscle or liver tissue.27 TZD
administration has been shown to increase LPL activity in both
adipose tissue28 and skeletal muscle.29 In addition, LPL mRNA
content was increased when preadipocytes30 or adipocytes28

were exposed to a TZD in vitro. An increase in LPL activity in
adipose and muscle tissues could increase hydrolysis of circu-
lating triglycerides and increase glycerol, but not fatty acid Ra

values. Glycerol released during plasma triglyceride hydrolysis
would likely enter the systemic circulation and be detected by
our glycerol tracer infusion, whereas released fatty acids would
be taken up by local tissue and not be seen by our fatty acid
tracer. Therefore, an LPL-mediated increase in plasma glycerol
derived from circulating triglycerides may have offset an insu-
lin-mediated decrease in glycerol derived from adipose tissue
triglycerides in our subjects after troglitazone therapy.

Alternatively, the greater suppression of palmitate, but not
glycerol, Ra in response to insulin after TZD therapy could be
explained by effects of troglitazone on PPARg regulation of
fatty acid and glucose transport protein transcription.3 TZDs
cause a marked increase in adipose tissue fatty acid transport
protein (FATP) and acyl-CoA synthetase (ACS) mRNA ex-
pression in rats.31 The increase in FATP and ACS presumably
is responsible for increased fatty acid uptake by 3T3-L1 pre-
adipocytes incubated with TZDs.31 In addition, TZDs increase
GLUT4 transporter gene expression and glucose uptake in
isolated adipocytes,32,33 which would increase fatty acid rees-
terification because of glucose conversion to glycerol-3-phos-
phate required for triglyceride synthesis. Therefore, TZD treat-
ment in our subjects may have enhanced reesterification of fatty
acids released during lipolysis because of PPARg-mediated
increases in glucose and fatty acid uptake by adipose tissue.
Adipocyte reesterification would prevent fatty acids from en-
tering the systemic circulation, thereby preventing their detec-
tion by tracer infusion.

It is likely that TZDs’ effect on fatty acid kinetics contributes
to the metabolic and clinical benefits observed in patients with
type 2 diabetes. Excessive release of FFA into plasma in
persons with diabetes may be responsible for (1) alterations in
glucose metabolism by impairing insulin’s ability to stimulate
muscle glucose uptake24 and suppress hepatic glucose produc-
tion24,34,35; (2) hyperinsulinemia by increasing pancreatic insu-
lin secretion36 and inhibiting hepatic insulin clearance37; and
(3) alterations in lipoprotein metabolism by increasing hepatic
VLDL production and plasma triglyceride concentrations.38

We found that 12 weeks of troglitazone therapy decreased
mean fasting blood glucose and tended to decrease hemoglobin
A1c concentration and daily insulin dose. These results are

Fig 4. Glycerol Ra during each stage of the isotope infusion/

hyerpinsulinemic euglycemic clamp study before (E) and after (F)

TZD treatment. Values are mean 6 SE.
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consistent with previously published reports involving TZD
monotherapy,6,39 combination therapy with a sulfonylurea,40

and adjunctive therapy with insulin.41,42

Twelve weeks of troglitazone therapy did not affect body
weight in our subjects, which is consistent with some,5,6,40,41,43-47

but not all,39,42,48,49previous studies performed in humans. The
different effects on body weight between studies may be ex-
plained by the duration of treatment and whether troglitazone
was used as monotherapy or combination therapy. For exam-
ple, no changes in body weight were observed after 346 or 6
months of troglitazone monotherapy6 or combination therapy
with insulin.41 However, in the latter study, the same subjects
had significant increases in body weight after 74 weeks.41 In a
52-week trial, body weight increased when troglitazone was
used in conjuction with sulfonylurea therapy, whereas troglita-
zone monotherapy did not cause an increase in body weight.40

It is possible that longer-term TZD plus insulin therapy in our
subjects would have caused an increase in body weight.

Similar to body weight, troglitazone therapy in our subjects
did not change total body fat mass or fat distribution. In a
previous study, Kelly et al47 also found that total body fat mass
did not change in subjects with type 2 diabetes after 12 weeks
of troglitazone therapy. However, in contrast to our results,
Kelly et al47 observed a significant decrease in intra-abdominal
fat mass. Other investigators have found that 3 to 6 months of
troglitazone monotherapy in patients with type 2 diabetes mel-
litus tended to decrease intra-abdominal fat and increase sub-
cutaneous fat mass,49,50whereas 6 to 12 months of combination
troglitazone plus sulfonylurea therapy caused an increase in
subcutaneous fat without a change in intra-abdominal fat.48,49

There are several reasons why we did not observe a change in
body fat after TZD plus insulin therapy in our subjects. First, 12
weeks of therapy may not be long enough to cause a detectable
change in body composition, and it is possible that continued
treatment would have ultimately caused observable changes in
body fat and fat distribution. Second, our subjects already were
obese at the onset of the study, whereas subjects in previous
studies were normal weight48,50 or overweight49 at baseline.
Third, our subjects may have already experienced considerable
weight gain because of long-term insulin therapy before enroll-
ment, whereas most subjects participating in previous studies
had been treated with sulfonylureas only. Furthermore, during

the course of our study, our subjects received combination TZD
and insulin therapy, whereas subjects evaluated in previous
studies received TZD monotherapy or combination TZD plus
sulfonylurea therapy.47-50

We cannot exclude the possibility that TZD treatment in-
creased adipocyte proliferation and cell number. TZD-induced
activation of PPARg increases differentiation of 3T3-L1 pre-
adipocytes to adipocytes51 and adipose cell number in white
adipose tissue of obese Zucker rats.52 However, the change in
adipose tissue morphology of obese Zucker rats was character-
ized by an increase in the number of small adipocytes and a
decrease in the number of large adipocytes, without a change in
total body fat mass. Therefore, the data obtained in an obese
rodent model are consistent with our observations in obese
humans. Troglitazone-induced alterations in fat cell size in
obese Zucker rats were associated with a decrease in adipose
tissue tumor necrosis factor (TNF)-a and leptin expression52

and may represent additional mechanisms for the effect of
TZDs on insulin sensitivity.

Our study was performed before troglitazone was removed
from the marketplace because of its association with liver
abnormalities. Careful monitoring of liver biochemistries in our
study subjects did not reveal any clinically significant changes
during the 12-week trial. Although it is likely that the effects of
troglitazone on lipid metabolism observed in the present study
are relevant to other TZDs because of their similar mechanism
of action, this conclusion should be confirmed by additional
studies involving other TZDs.

In summary, the TZD troglitazone increases insulin-medi-
ated suppression of fatty acid release into plasma across a
physiologic range of plasma insulin concentrations in patients
with type 2 diabetes mellitus. It is likely that this effect on fatty
acid kinetics contributes to the metabolic benefits of thiazo-
lidinedione therapy by decreasing FFA delivery to the liver and
skeletal muscle, which may decrease VLDL and glucose pro-
duction, and enhance glucose disposal.
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