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Type 2 diabetes is a chronic and pro-
g ressive disease that affects more
than 16 million people in the U.S.,

half of whom do not even know they
have the disease (1,2). The cost of tre a t i n g
diabetes and its long-term complications
( re t i n o p a t h y, nephro p a t h y, neuro p a t h y,
and cardiovascular disease) reached $92
billion in 1992 (2,3).

Type 2 diabetes is characterized by
insulin resistance and a relative defic i e n c y
in insulin secretion. Defective glucose
recognition marks the early manifestation
in the deterioration of -cell function lead-
ing to insulin secre t o ry deficiency (4–6).
When diet and exercise fail to maintain
good glycemic control, sulfonylureas have
been traditionally used as first-line therapy
because they increase basal as well as glu-
cose-stimulated insulin release. However,
not all patients respond to sulfonylure a s
i n i t i a l l y, and secondary failures are com-
mon, probably because of further deterio-
ration in -cell function and/or increases in
insulin resistance (7–9).

The results of the Diabetes Contro l
and Complications Trial (DCCT) in type 1
diabetes and other studies in type 2 dia-
betes have provided unequivocal evidence
that glycemic control is key to reducing the
risk of long-term complications, such as
re t i n o p a t h y, nephro p a t h y, and neuro p a t h y
(10,11). These results have helped re d e fin e
the treatment guidelines recommended by
the American Diabetes Association (ADA).

Troglitazone is a thiazolidinedione that
binds and activates the nuclear re c e p t o r
p e roxisome pro l i f e r a t o r-activated re c e p-
t o r- ( P PA R - ), a mechanism believed to
mediate enhanced insulin sensitivity in ani-
mal models of diabetes and insulin re s i s-
tance as well as in humans (12). Unlike
s u l f o n y l u rea, troglitazone does not stimu-
late insulin release, nor does it mimic its
actions (13). Troglitazone has been shown
to improve hyperglycemia, hyperinsuline-
mia, and insulin-mediated glucose dis-
posal, as well as the dyslipidemia associated
with type 2 diabetes (14–19). H o w e v e r,
depending on the relative contributions of
insulin resistance and insulin secre t i o n ,
reversing insulin resistance alone may still
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Troglitazone in Combination Wi t h
S u l f o n y l u rea Restores Glycemic Contro l
in Patients With Type 2 Diabetes

O R I G I N A L  A R T I C L E

O B J E C T I V E — To determine if the combination of troglitazone (a peroxisome pro l i f e r a t o r-
activated re c e p t o r- activator) and sulfonylurea will provide efficacy not attainable by either
medication alone.

RESEARCH DESIGN AND METHODS — T h e re were 552 patients inadequately con-
t rolled on maximum doses of sulfonylurea who participated in a 52-week randomized active-
c o n t rolled multicenter study. Patients were randomized to micronized glyburide 12 mg q.d.
(G12); troglitazone monotherapy 200, 400, or 600 mg q.d. (T200, T400, T600); or combined
t roglitazone and glyburide q.d. (T200/G12, T400/G12, T600/G12). Efficacy measures included
H b A1 c, fasting serum glucose (FSG), insulin, and C-peptide. Effects on lipids and safety were
also assessed.

R E S U LT S — Patients on T600/G12 had significantly lower mean (± SEM) FSG (9.3 ± 0.4
mmol/l; 167.4 ± 6.6 mg/dl) compared with control subjects (13.7 ± 0.4 mmol/l; 246.5 ± 6.8
mg/dl; P 0.0001) and significantly lower mean HbA1 c (7.79 ± 0.2 vs. 10.58 ± 0.18%, P
0.0001). Significant dose-related decreases were also seen with T200/G12 and T400/G12.
Among patients on T600/G12, 60% achieved HbA1 c 8%, 42% achieved HbA1 c 7%, and 40%
achieved FSG 7.8 mmol/l (140 mg/dl). Fasting insulin and C-peptide decreased with all tre a t-
ments. Overall, triglycerides and free fatty acids decreased, whereas HDL cholesterol incre a s e d .
LDL cholesterol increased slightly, with no change in apolipoprotein B. Adverse events were
similar across treatments. Hypoglycemia occurred in 3% of T600/G12 patients compared with

1% on G12 or troglitazone monotherapy.

C O N C L U S I O N S — Patients with type 2 diabetes inadequately controlled on sulfonylure a
can be effectively managed with a combination of troglitazone and sulfonylurea that is safe, well
tolerated, and re p resents a new approach to achieving the glycemic targets recommended by
the American Diabetes Association.
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leave the patient in a state of relative insulin
d e ficit if sulfonylurea treatment is with-
drawn. Hence, we hypothesized that the
combination of two medications, one that
t a rgets insulin resistance and another that
t a rgets insulin secretion, could potentially
p rovide superior efficacy to that achieved
by either medication alone. This study was
conducted to evaluate the safety and eff i-
cacy of combination troglitazone and sul-
f o n y l u rea therapy for the management of
type 2 diabetes.

RESEARCH DESIGN AND
M E T H O D S

Study subjects and protocol
A total of 552 patients with type 2 diabetes
(20) not optimally controlled on maximal
doses of a sulfonylurea (fasting glucose

7.8 mmol/l or 140 mg/dl) participated in
this study. The study was conducted at 30
centers in the U.S. (see A P P E N D I X) and fol-
lowed a common protocol, which was
a p p roved by investigational review board s
and ethics committees. Informed consent
was obtained from all patients.

Inclusion criteria included HbA1 c o u t-
side the normal range ( 5.9%), fasting
s e rum glucose (FSG) 7.8 and 1 6 . 7
mmol/l ( 140 and 300 mg/dl), and fast-
ing C-peptide 0.5 nmol/l (1.5 ng/ml).
E x c l u s i o n a ry criteria included chronic use
of insulin, history of ketoacidosis, sympto-
matic diabetic neuro p a t h y, re t i n o p a t h y,
liver disease, renal disease, anemia, card i o-
vascular abnormalities such as Class III or
IV congestive heart failure, signific a n t
h y p e rtension, cancer, or a major vascular
medical event within the previous 3
m o n t h s .

Patients who met all inclusion and
exclusion criteria discontinued their pre -
study diabetic medications and enrolled in
a 4-week, unblinded, baseline phase. In
this phase, patients were treated with 12
mg micronized glyburide, which is the
maximum recommended dose. At the end
of baseline, patients who still exhibited a
FSG 7.8 mmol/l (140 mg/dl) were
e n rolled in a 52-week, double-blind,
a c t i v e - c o n t rolled treatment phase. In total,
545 of the 552 patients initially enro l l e d
w e re randomized to one of seven tre a t-
ment arms: an active control arm that con-
sisted of 12 mg micronized glyburide
(G12) alone; troglitazone alone at 200,
400, or 600 mg once daily (T200, T400, or
T600); or a combination of each tro g l i t a-
zone dose with G12 for 52 weeks

(T200/G12, T400/G12, T600/G12). A sul-
f o n y l u rea dose-reduction algorithm that
maintained the study blind was imple-
mented for patients achieving an FSG

4.4 mmol/l (80 mg/dl). All patients were
i n s t ructed on a weight-maintenance diet
consistent with the nutritional re c o m m e n-
dations of the ADA (21).

Clinical, metabolic, and safety
assessments
Medical history, complete physical exami-
nations, and electro c a rdiograms were
assessed before and after treatment. Safety
parameters—including vital signs, dia-
b e t e s - related symptoms, hypoglycemic
events, adverse events, and routine labora-
t o ry tests (including blood chemistry,
h e m a t o l o g y, urinalysis, and lipid pro fil e ) —
w e re monitored every 4 weeks.

Efficacy parameters
Markers of glycemic control, including
H b A1 c and FSG levels, were the primary
e fficacy parameters. Changes in insulin and
C-peptide levels and markers of lipid
metabolism (total cholesterol, triglycerides,
and lipoproteins) were also assessed. A
meal-tolerance test (MTT) substudy was
a d m i n i s t e red to all patients in nine centers
(80 patients). In this substudy, patients
consumed one-third of their total daily
caloric re q u i rements in the form of a liquid
meal (Sustacal) in the fasting state, and
blood specimens for glucose, insulin, and
C-peptide were obtained at 10, 30, 60,
90, and 120 min.

Analytical methods
All biochemical measurements were made
by Corning-Nichols Laboratories (San Juan
Capistrano, CA) on blood collected in the
fasting state. HbA1 c was measured using
automated ion-exchange high-perf o rm a n c e
liquid chromatography (Bio-Rad Va r i a n t ) ;
s e rum glucose by enzymatic (hexokinase)
method (Hitachi 747-200); insulin by a
two-site immunoenzymometric assay (sen-
sitivity 2.5 µU/ml, no cro s s - reactivity with
C-peptide); and C-peptide with a double
antibody radioimmunoassay (sensitivity
0.25 ng/ml). Nonesterified free fatty acids
( F FAs) (long- and medium-chain FFA )
w e re determined enzymatically (NEFA C-
test, WACO Chemicals). After ultracen-
trifugation, serum total triglycerides were
m e a s u red using the lipase/esterase, glyc-
e rol-kinase, and pyruvate-kinase method.
After ultracentrifugation, HDL cholestero l
was measured by the dextran sulfate-mag-

nesium chloride precipitation and enzy-
matic (cholesterol oxidase) method (Hitachi
704). Serum LDL was measured after ultra-
centrifugation by cholesterol oxidase
method (Hitachi 914). Apolipoprotein B
(apo B) was determined by immuno-
n e p h e l o m e t ry using specific antisera to
human apo B (Boehringer Mannheim Diag-
n o s t i c s ) .

Statistical analysis
Statistical analyses were perf o rmed on an
i n t e n t - t o - t reat population (all patients with
baseline values and at least one measure-
ment during the double-blind phase) with
the last observation carried forw a rd. All
patients randomized to the double-blind
phase were included in the safety analysis.
Analysis of covariance was applied to the
change from baseline for the eff i c a c y
parameters. Step-down tests of linear tre n d
and Bonferroni-Holm adjustments were
used for pair-wise comparisons. Dunnett’s
test was perf o rmed to establish 95% CIs for
b e t w e e n - t reatment comparisons. All tests
w e re two-sided and conducted at a level of
s i g n i ficance of 0.05.

R E S U LT S

Treatment group demographics
The baseline characteristics of the patients
randomized to the seven treatment arm s
a re shown in Table 1. Each group was com-
posed of between 76 and 82 patients, pre-
dominantly men. In general, the patients
w e re obese and had had known type 2
diabetes for an average of 8.4 years. Mean
H b A1 c values and FSG levels indicated poor
glycemic control in this patient population
( Table 1).

FSG and HbA1c

Statistically significant and dose-re l a t e d
d e c reases in both FSG and HbA1 c w e re
o b s e rved in the combination groups com-
p a red with the control group (G12). FSG
mean values for the troglitazone monother-
apy and G12 groups increased by 0.6–2.4
mmol/l (11.1–42.4 mg/dl), whereas the
levels for the combination groups decre a s e d
by 1.7–3.1 mmol/l (31.0–56.4 mg/dl)
( Table 2). The diff e rences between the fin a l
FSG values of the control arm and the
c o mbination arms were 3.0 for the
T200/G12, 3.4 for the T400/G12, and

4.4 mmol/l for the T600/G12 gro u p s
( 53.7, 60.8, and 79.1 mg/dl) (P
0.0001, Table 2). The dose-re l a t e d re s p o n s e
of FSG was corroborated by the signifi-
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cantly greater diff e rence in the mean
change for the T600/G12 group than the
T200/G12 group (P = 0.009).

H b A1 c changes mirro red those of FSG,
with the expected 4-week lag in HbA1 c

response (Fig. 1). The greatest impro v e-
ment in HbA1 c was noted 4–8 weeks after
the start of treatment with combination

t h e r a p y, and FSG had responded signifi-
cantly by week 4. This degree of glycemic
c o n t rol was maintained throughout the
s t u d y, particularly in the T600/G12 gro u p .

The mean reductions from baseline for
H b A1 c for combination groups were 0 . 7 0
to 1.75% (Figs. 1 and 2, Table 2). In con-
trast, HbA1 c i n c reased 0.85–1.92% in the

monotherapy and G12 groups, re s p e c t i v e l y.
The diff e rences between the G12 contro l
g roup (0.90%) and the T200/G12,
T400/G12, and T600/G12 groups were

1.60, 1.81, and 2.65%, re s p e c t i v e l y
(P 0.0001, Table 2). In addition, the
d e c rease from baseline in HbA1 c for the
T600/G12 group was significantly gre a t e r

Table 1—Profile of study patients at baseline by treatment group

Micronized
Troglitazone monotherapy (mg) Troglitazone/glynase combination (mg/mg) glyburide (mg)

200 400 600 200/12 400/12 600/12 12

n 78 81 78 78 76 82 79
Age (years) 58.5 ± 10.4 58.9 ± 10.6 56.4 ± 10.2 56.9 ± 10.4 57.1 ± 10.2 56.3 ± 11.6 58.7 ± 10.8

65 years 26 (33) 20 (25) 17 (22) 19 (24) 20 (26) 18 (22) 23 (29)
Sex (M/F) 40/38 43/38 48/30 54/24 50/26 49/33 49/30
BMI (kg/m2) 32.7 ± 6.7 34.0 ± 7.9 32.3 ± 7.1 31.3 ± 5.0 31.2 ± 5.7 31.5 ± 6.9 31.9 ± 6.1
Duration of diabetes (years) 8.6 ± 5.7 8.8 ± 7.8 7.7 ± 5.5 8.7 ± 6.1 8.7 ± 5.9 7.7 ± 6.1 9.0 ± 8.4

Data are means ± SD, n, or n (%).

Table 2—Mean changes from baseline values in glycemic parameters after 52 weeks of treatment (intent-to-treat population with last
observation carried forward)

Micronized
Troglitazone monotherapy (mg) Troglitazone/glynase combination (mg/mg) glyburide (mg)

200 400 600 200/12 400/12 600/12 12

n 78 78 76 78 76 80 79

HbA1c (%)

Baseline 9.5 ± 0.16 9.4 ± 0.16 9.7 ± 0.19 9.5 ± 0.15 9.7 ± 0.15 9.4 ± 0.17 9.6 ± 0.14

Change from baseline 1.92 ± 0.20 0.85 ± 0.20 0.93 ± 0.20 0.70 ± 0.20 0.91 ± 0.20 1.75 ± 0.20 0.90 ± 0.20

Mean difference from control 1.02* 0.05 0.03 1.60† 1.81† 2.65† —

FSG (mmol/l)

Baseline 12.5 ± 0.3 11.7 ± 0.3 12.7 ± 0.3 12.4 ± 0.3 12.7 ± 0.3 12.1 ± 0.3 12.2 ± 0.3

Change from baseline 2.3 ± 0.4 1.1 ± 0.4 0.6 ± 0.4 1.7 ± 0.4 2.1 ± 0.4 3.1 ± 0.4 1.3 ± 0.4

Mean difference from control 1.1 0.1 0.6 3.0† 3.4† 4.4† —

Total insulin (pmol/l)

Baseline 231.8 ± 25.1 236.8 ± 15.1 218.8 ± 14.4 202.3 ± 10.8 178.7 ± 8.6 189.4 ± 11.5 195.9 ± 11.5

Change from baseline 60.3 ± 10.1 42.3 ± 10.1 82.7 ± 10.1 27.6 ± 10.1 42.2 ± 10.1 43.6 ± 10.1 10.4 ± 10.1

C-Peptide (nmol/l)

Baseline 1.0 ± 0.04 1.0 ± 0.05 1.0 ± 0.05 0.9 ± 0.04 0.9 ± 0.04 1.0 ± 0.04 0.9 ± 0.03

Change from baseline 0.32 ± 0.02‡ 0.26 ± 0.02 0.33 ± 0.03‡ 0.25 ± 0.02 0.25 ± 0.03 0.25 ± 0.02 0.22 ± 0.02

MTT

n 8 8 11 13 13 15 12

MTT glucose AUC (mg h 1 dl 1)

Baseline 574 ± 37 568 ± 36 558 ± 29 629 ± 43 598 ± 20 583 ± 26 582 ± 22

Change from baseline 5 ± 34 37 ± 60 137 ± 37‡ 155 ± 51‡ 114 ± 29‡ 94 ± 36‡ 35 ± 25

MTT insulin AUC (µIU h 1 ml 1)

Baseline 155 ± 39 141 ± 24 171 ± 22 149 ± 18 123 ± 14 134 ± 19 124 ± 13

Change from baseline 47 ± 10 54 ± 20 66 ± 13 40 ± 11 25 ± 10 27 ± 15 22 ± 8

MTT C-peptide AUC (ng h 1 ml 1)

Baseline 8.3 ± 1.4 9.7 ± 1.2 10.4 ± 1.1 10.0 ± 1.2 9.8 ± 1.4 10.1 ± 0.7 8.8 ± 0.8

Change from baseline 2.2 ± 0.7 4.2 ± 0.9 3.1 ± 0.9 3.7 ± 0.8 3.8 ± 0.9 2.9 ± 0.6 2.3 ± 0.7

Data are means ± SEM, unless otherwise indicated. *P 0.001, †P 0.0001, ‡P 0.05 compared with control subjects. Mean changes and diff e rences from con-
trol group for HbA1c, FSG, total insulin, and C-peptide are adjusted for the effects of baseline and center in the analysis of covariance. To convert values for FSG
to micromoles per liter, multiply by 0.0551. To convert values for total insulin to picomoles per liter, multiply by 7.175. To convert values for C-peptide to nanomoles
per liter, multiply by 0.331.
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(P 0.05) than that of the T200/G12 and
T400/G12 gro u p s .

By week 52, the pro p o rtion of patients in
the T200/G12, T400/G12, T600/G12 gro u p s
that had achieved an HbA1 c level 8% were
33, 33, and 60%, re s p e c t i v e l y. Notably, 22,
21, and 41% of patients in these re s p e c t i v e
g roups had met the ADA (22) target of HbA1 c

7%; and 14, 24, and 39% of patients,
re s p e c t i v e l y, had achieved FSG 7.8 mmol/l
(140 mg/dl) (Fig. 2).These data were calcu-
lated using the number of patients initially
randomized in each treatment arm (intent to
t reat) as the denominator.

Insulin and C-peptide
Changes from baseline in serum insulin
levels were significantly lower (P 0.05) in
all troglitazone monotherapy and the
T400/G12 and T600/G12 combination
therapy groups, compared with changes
f rom baseline in the G12 group (Fig. 3). A
concomitant decrease in both FSG and
insulin was noted in the combination
g roups. Decreases in C-peptide re a c h e d

statistical significance only in the T200 and
T600 groups (P 0.05, Table 2).

Lipid parameters
Troglitazone, either alone or in combination
with sulfonylurea, showed a consistent ben-

e ficial trend in most lipid parameters. Cir-
culating FFAs decreased overall (Table 3) .
Although no statistical significance was
reached, triglyceride levels decreased in the
monotherapy and combination groups but
i n c reased in the G12 group. The mean
change ranged from 0.05 to 0.4 mmol/l
( f rom 4 to 36 mg/dl) for the monother-
apy groups and from 0.3 to 0.6 mmol/l
( f rom 33 to 51 mg/dl) for the combi-
nation groups compared with an increase of
0.2 mmol/l (14 mg/dl) in the G12 gro u p .
Total cholesterol and LDL cholestero l
i n c reased modestly in all treatment gro u p s .
H o w e v e r, statistical significance was noted
only in the monotherapy groups. No statis-
tically significant changes were noted in
apo B levels, although a downward trend in
the T200/G12 and T600/G12 group was
o b s e rved. Mean values for HDL cholestero l
i n c reased for all but the T400/G12 gro u p
( Table 3). The change from baseline for the
T600 group (0.02 mmol/l or 4.53 mg/dl) was
s i g n i ficantly greater (P 0.05) than that for
the G12 group (0.004 mmol/l or 0.15 mg/dl).

MTT
For the subset of patients that part i c i p a t e d
in the MTT, the decrease relative to pre-
t reatment in the 0- to 2-h area under the
c u rve (AUC) for serum glucose was signifi-
cant (P 0.05) in the T600 group and in
all three combination groups. Similar
t rends were observed for the insulin and C-
peptide AUCs for all seven gro u p s ,
although none of these changes were sta-
tistically significant (Table 2).

Body weight
The mean body weight for the G12 gro u p
d e c reased by 0.6 kg (1.3 lb). Changes fro m

Figure 1—A: Mean change from baseline of FSG over 52 weeks of treatment. B: Mean change from
baseline of HbA1c over 52 weeks of treatment.

Figure 2—Proportion of patients reaching ADA recommended glycemic values.
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baseline in body weight for the T200,
T400, and T600 groups were 2.5, 1 . 2 ,
and 0.2 kg ( 5.6, 2.6, and 0.5 lb),
respectively; the decrease for the T200
g roup was significant compared with the
c o n t rol group (P 0.05). Changes fro m
baseline in body weight observed in the
combination groups were 2.6, 3.5, and 5.9
kg (5.8, 7.7, and 13.1 lb) for the
T200/G12, T400/G12, and T600/G12
g roups, respectively (P 0 . 0 5 ) .

Safety assessment and patient
withdrawal
Of the 552 patients randomized to the dou-
ble-blind phase, 318 (58%) completed all
52 weeks of the study. Completion rates
w e re highest for the combination gro u p s
(71–85%) and lowest among the tro g l i t a-
zone monotherapy groups (28–46%); 57%
of the patients in the G12 group completed
the study. The rates of withdrawal due to
lack of efficacy for the combination gro u p s

(4–14%) were lower than those for patients
t reated with either troglitazone alone
(40–55%) or micronized glyburide alone
(25%, Table 4). Withdrawal due to lack of
e fficacy in the combination groups corre-
lated inversely with troglitazone dose, fro m
14% in the T200/G12 group to only 4% in
the T600/G12 group. Withdrawals due to
adverse events were similar across all tre a t-
ment groups (6–11%). The most common
adverse events noted in the study are listed
in Table 4.

Troglitazone was well tolerated
whether administered as monotherapy or
in combination with micronized glyburide.
Serious adverse events occurred in 8, 6,
and 8% of the monotherapy, combination,
and G12 groups, re s p e c t i v e l y. The inci-
dences of associated serious adverse events
(as assessed by the re p o rting investigator)
w e re 1, 4, and 3% in monotherapy, combi-
nation, and micronized glyburide gro u p s ,
re s p e c t i v e l y. Gastrointestinal adverse events
o c c u rred in 3, 4, and 1% of patients in the
m o n o t h e r a p y, combination, and G12
g roups, re s p e c t i v e l y.

The overall incidence of true hypogly-
cemic events (defined as symptomatic
and/or biochemical events documented
with a blood glucose level 55 mg/dl
m e a s u red by a laboratory or home monitor,

Figure 3—Mean change from baseline to week 52 in FSG and insulin.

Table 3—Mean changes from baseline values for lipid parameters after 52 weeks of treatment (intent to treat population with last observ a t i o n
c a rried forw a rd )

Micronized
Troglitazone monotherapy (mg) Troglitazone/glynase combination (mg/mg) glyburide (mg)

200 400 600 200/12 400/12 600/12 12

FFAs (mEq/l)
Baseline 0.74 ± 0.04 0.86 ± 0.06 0.81 ± 0.10 0.72 ± 0.04 0.79 ± 0.05 0.70 ± 0.03 0.76 ± 0.06
Change from baseline 0.09 ± 0.04 0.17 ± 0.06 0.19 ± 0.10 0.12 ± 0.04 0.15 ± 0.04 0.08 ± 0.03 0.05 ± 0.06

Triglycerides (mmol/l)
Baseline 3.1 ± 0.6 3.1 ± 0.4 3.2 ± 0.3 3.2 ± 0.5 3.0 ± 0.2 2.9 ± 0.3 2.5 ± 0.2
Change from baseline 0.4 ± 0.5 0.1 ± 0.4 0.1 ± 0.4 0.4 ± 0.3 0.4 ± 0.2 0.6 ± 0.2 0.2 ± 0.2

Total cholesterol (mmol/l)
Baseline 5.9 ± 0.2 5.6 ± 0.1 5.6 ± 0.1 5.4 ± 0.1 5.6 ± 0.1 5.5 ± 0.1 5.6 ± 0.1
Change from baseline 0.5 ± 0.2* 0.6 ± 0.1* 0.7 ± 0.1* 0.4 ± 0.1 0.2 ± 0.1 0.3 ± 0.1 0.2 ± 0.1

HDL cholesterol (mmol/l)
Baseline 0.95 ± 0.03 0.98 ± 0.05 0.97 ± 0.05 0.95 ± 0.03 0.99 ± 0.06 0.91 ± 0.03 0.92 ± 0.02
Change from baseline 0.02 ± 0.02 0.08 ± 0.04 0.12 ± 0.07* 0.04 ± 0.04 0.05 ± 0.06 0.12 ± 0.05 0.00 ± 0.02

LDL cholesterol (mmol/l)
Baseline 3.5 ± 0.1 3.3 ± 0.1 3.4 ± 0.1 3.1 ± 0.1 3.3 ± 0.1 3.2 ± 0.1 3.4 ± .0.1
Change from baseline 0.5 ± 0.1* 0.3 ± 0.1 0.4 ± 0.1* 0.4 ± 0.1 0.2 ± 0.1 0.3 ± 0.1 0.1 ± 0.1

Apo B (mg/dl)
Baseline 135 ± 6.8 124 ± 4.7 118 ± 5.1 117 ± 3.6 124 ± 3.4 118 ± 2.8 125 ± 3.1
Change from baseline 6.4 ± 6.2 3.4 ± 5.8 3.1 ± 6.4 6.3 ± 2.7 0.1 ± 3.1 0.7 ± 2.6 2.9 ± 3.4

Data are means ± SEM. *P 0.05 compared with control subjects. To convert values for triglycerides to millimoles per liter, multiply by 0.01129. To convert values
for total, HDL, and LDL cholesterol to millimoles per liter, multiply by 0.02586.
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or events requiring emergency assistance)
was low, occurring in 1 of the 237 patients
( 1%) who received tro g l i t a z o n e
m o n o t h e r a p y, in 6 of the 236 (3%) given
the combination therapy, and in 1 of the 79
(1%) treated with G12. Four of the eight
incidents were considered tre a t m e n t -
related, but none re q u i red emergency tre a t-
ment. The G12 dosage was reduced in one
patient, and none of these patients discon-
tinued the study.

Elevated serum alanine aminotrans-
ferase 3 times the upper normal limit
was noted in 1, 3, 0, 5, 4, 5, and 5% of the
G12, T200, T400, T600, T200/G12,
T400/G12, and T600/G12 groups, re s p e c-
t i v e l y. At investigators’ discretion, a total of
seven patients receiving tro g l i t a z o n e
monotherapy or combination were discon-
tinued from the study because of liver
enzyme elevations without any clinical
manifestations; all were followed, and
enzyme levels re t u rned to either baseline
level or normal range.

C O N C L U S I O N S — In this study,
glycemic control achieved by adding tro g l i-
tazone to current sulfonylurea tre a t m e n t
was superior to maintaining patients on sul-
f o n y l u rea alone or switching them to tro g l i-
tazone monotherapy. In terms of re a c h i n g
clinical practice guidelines, 40% of patients
t reated with T600/G12 achieved the opti-

mal ADA target of HbA1 c 7%, and 60%
achieved an HbA1 c 8%, the level above
which action is advised. These results sup-
p o rt the use of troglitazone in combination
with sulfonylurea to achieve the ADA re c-
ommended guidelines for glycemic contro l .
For patients not achieving acceptable glu-
cose control with combination therapy,
t reatment with a combination of tro g l i t a-
zone and insulin, other agents indicated for
combination therapy with insulin, or
insulin alone should be considere d .

Consistent with the mechanism of
action of troglitazone, the concomitant
d e c reases in HbA1 c and FSG levels along
with reduced plasma insulin levels suggest
i m p roved insulin sensitivity (Fig. 3). The
o b s e rved significant reductions in glucose
AUCs and concomitant trends in insulin
AUCs in the MTT subset provide addi-
tional support for this interpre t a t i o n .

In contrast, the data of patients main-
tained on G12 (the active control gro u p )
suggest a pro g ression of -cell failure con-
sistent with a secondary failure of sulfonyl-
u rea treatment. In this group, both HbA1 c

and FSG levels increased over the course of
this study, while insulin levels decre a s e d .
These changes are more likely indicative of
diminished secre t o ry capacity rather than
i m p roved insulin sensitivity.

The switch from current sulfonylure a
to troglitazone monotherapy provided no

s i g n i ficant improvement in glycemic con-
t rol. The net gain in insulin sensitivity with
t roglitazone was only marginally higher
than the net loss in insulin secretion caused
by the withdrawal of sulfonylurea. Given
the slower-acting pro p e rties of tro g l i t a z o n e
and the acute effect of sulfonylureas on
insulin secretion, the detrimental effects of
s u l f o n y l u rea withdrawal were not immedi-
ately compensated for by the benefits of
t roglitazone treatment. This imbalance
resulted in an interim state of hyperg l y-
cemia and glucose toxicity that may have
h i n d e red the action of troglitazone. This
e ffect is also re flected by the high rate of
withdrawals in the troglitazone monother-
apy groups due to lack of eff i c a c y, the
majority of which took place during the
first 12 weeks of tre a t m e n t .

Hypoglycemic events were rare in this
s t u d y, partially due to the sulfonylurea dose-
reduction algorithm implemented in the
study for FSGs 4.4 mmol/l (80 mg/dl).
Consistent with the experience in this study,
the dose of the concomitant hypoglycemic
agent should be reduced gradually as glu-
cose levels fall below normal values. In this
s t u d y, sulfonylurea dose reductions were
n e c e s s a ry as early as 2–4 weeks of tre a t m e n t
after the addition of tro g l i t a z o n e .

Lipid changes observed in this study
appear to re flect a correlation between
h y p e rglycemia and dyslipidemia. Statisti-

Table 4—Patient withdrawal and adverse events by treatment group

Micronized
Troglitazone monotherapy (mg) Troglitazone/glynase combination (mg/mg) glyburide (mg)

200 400 600 200/12 400/12 600/12 12

n 78 81 78 78 76 82 79
Total withdrawn 56 (72) 45 (56) 44 (56) 22 (28) 22 (29) 12 (15) 33 (42)

Because of lack of efficacy 43 (55) 32 (40) 34 (44) 11 (14) 7 (9) 3 (4) 20 (25)
Because of adverse events 6 (8) 7 (9) 6 (8) 5 (6) 8 (11) 5 (6) 6 (8)
Because of noncompliance 3 (4) 2 (3) 3 (4) 0 (0) 1 (1) 2 (2) 1 (1)

Other 4 (5) 3 (4) 1 (1) 6 (8) 6 (8) 2 (2) 6 (8)
Most frequent adverse events

Infection 13 (17) 16 (20) 12 (15) 23 (29) 27 (36) 25 (30) 26 (33)
Pain 5 (6) 10 (12) 9 (12) 9 (12) 11 (14) 14 (17) 7 (9)
Accidental injury 7 (9) 9 (11) 7 (9) 10 (13) 10 (13) 13 (16) 9 (11)
Rhinitis 4 (5) 7 (9) 4 (5) 6 (8) 11 (14) 12 (15) 7 (9)
Flu syndrome 4 (5) 5 (6) 11 (14) 9 (12) 4 (5) 8 (10) 10 (13)
Back pain 2 (3) 10 (12) 5 (6) 7 (9) 11 (14) 5 (6) 4 (5)
Diarrhea 5 (6) 2 (2) 11 (14) 5 (6) 7 (9) 6 (7) 8 (10)
Urinary tract infection 7 (9) 6 (7) 5 (6) 5 (6) 5 (7) 8 (10) 6 (8)
Headache 4 (5) 5 (6) 6 (8) 8 (10) 4 (5) 6 (7) 2 (3)
Sinusitis 2 (3) 6 (7) 5 (6) 10 (13) 5 (7) 5 (6) 5 (6)
Rash 4 (5) 4 (5) 6 (8) 6 (8) 5 (7) 7 (9) 4 (5)

Data are n (%).
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cally significant but modest increases in
total and LDL cholesterol were observed in
the troglitazone monotherapy groups but
not in the combination groups that had
s i g n i ficant improvement in glycemic con-
t rol. Nevertheless, no significant changes
w e re observed in apo B, indicating no
i n c rease in atherogenic risk (23). Although
a notable change ( 0.6 mmol/l or 5 0 . 5
mg/dl) in triglycerides was observed in the
T600/G12 group, it did not reach statistical
s i g n i ficance because of the inherent vari-
ability of triglyceride measurements. Simi-
l a r l y, the magnitude of decreases in
c i rculating FFA and increases in HDL cho-
l e s t e rol did not reach statistical signific a n c e ;
h o w e v e r, they mirror the changes observ e d
in previously re p o rted studies and are con-
sistent with improved insulin sensitivity
resulting from troglitazone tre a t m e n t
(17–19,24). In this study, changes in body
weight correlated with improved glycemic
c o n t rol (P 0.05). Similar corre l a t i o n s
w e re noted in the DCCT, where weight
gain was statistically related to the degree of
glycemic improvement and not to the dose
of insulin (25). The increases in body
weight observed in the combination ther-
apy groups but not in the monotherapy
g roups suggest that factors other than
t roglitazone therapy contributed to the
weight gain. Such factors may include 1)
reduction of glycosuria associated with
i m p roved glycemic control and 2) the
weight-maintenance diet implemented in
this study rather than a weight-re d u c t i o n
diet recommended for management of
o v e rweight diabetic patients. Diet and exer-
cise are fundamental approaches to the
management of type 2 diabetes and should
be emphasized even when pharm a c o l o g i c a l
i n t e rventions are added.

Overall, the adverse event and serious
adverse event pro files for tro g l i t a z o n e
monotherapy and combination therapy
w e re similar to those of the control arm .
N e v e rtheless, the infrequency of laboratory
a b n o rmalities associated with tro g l i t a z o n e
therapy further supports its favorable
adverse events pro fil e. Although hepatic dys-
function has been re p o rted with tro g l i t a-
zone treatment, a complete review of hepatic
dysfunction associated with troglitazone in
c o n t rolled studies is detailed elsewhere (26).
Combination therapy with troglitazone and
s u l f o n y l u rea appears to be safe and well tol-
erated. The effectiveness of troglitazone in
ameliorating insulin resistance and acting
s y n e rgistically with a sulfonylurea to re s t o re
glycemic control has important clinical

implications, specifically in reaching ADA
t reatment goals in a patient population
with limited therapeutic options.
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APPENDIX: THE TROGLITA Z O N E
STUDY GROUP — The study gro u p
consisted of the following investigators and
centers: J. Angelo, New Orleans Institute of
Clinical Investigation, New Orleans, LA;
E. Fineberg, University Hospital and Out-
patient Center, Indianapolis, IN; S. Berg e r,
Chicago Center for Clinical Researc h ,
Chicago, IL; P. Dandona, Millard Fillmore
Health System, Buffalo, NY; J. Harp, We s-
ley Woods Health Center, Atlanta, GA; A.
G a r b e r, Baylor College of Medicine, Hous-
ton, TX; R. Guthrie, Ochsner Clinic, New
Orleans, LA; B. Hagg, Baystate Medical
C e n t e r, Springfield, MA; W. Fowler,
R e s e a rch Medical Center, Kansas City, MO;
T. Littlejohn, Piedmont Research Associa-
tion, Winston-Salem, NC; M.S. Magee,
Diabetes and Endocrine Center of Wi s c o n-
sin, Appleton, WI; R. Montoro, Clinical
Therapeutics Corporation, Coral Gables,
FL; F. Hofeldt/E. Havranek, Denver General
Hospital, Denver, CO; M. Nolte, University
of California Medical Center, San Fran-
cisco, CA; K. Osei, Ohio State University
Hospital, Columbus, OH; S. Pek, Univer-
sity of Michigan Medical Center, Ann
A r b o r, MI; M. Rendell, Creighton Diabetes
C e n t e r, Omaha, NE; S. Rosenblatt, The
I rvine Clinical Research Center, Irvine, CA;
S. Schwartz, Diabetes and Glandular Dis-
ease Clinic, San Antonio, TX; D. Simon-
son/E. Horton, Joslin Diabetes Center,
Boston, MA; M. Sperling, Edinger Medical
G roup, Inc., Fountain Va l l e y, CA; M.
S t j e rnholm, Boulder Endocrinology Asso-
ciates, Boulder, CO; B. Draznin, Ve t e r a n s
Administration Medical Center, Denver,
CO; T. Wahl, Clarkson Hospital, Omaha,
NE; E. Wedell, Internal Medicine Gro u p ,
Cheyenne, WY; S. Weiss, The San Diego
Endocrine and Medical Clinic, San Diego,
CA; F. Whitehouse, Henry Ford Hospital,
D e t roit, MI; B. Wa rn e r, University of South
Alabama, Mobile, AL; C. Kilo, Kilo Clinical
Trials, Inc., St. Louis, MO; and M. Doyle,

F e rndale Clinic Division, William Beau-
mont Hospital, Ferndale, MI.
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