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OBJECTIVE — To compare the effects of monotherapy using nateglinide and the thiazo-
lidinedione troglitazone with initial combination of the two agents on glycated hemoglobin
(HbA1c) in patients with type 2 diabetes inadequately controlled by diet alone.

RESEARCH DESIGN AND METHODS — This study consisted of a 28-week, double-
blind, randomized, multicenter study that included a 4-week, single-blind, placebo, run-in
period and a 24-week (shortened to 16 weeks), double-blind, active treatment period.

RESULTS — At the 16-week end point, nateglinide 120 mg, troglitazone 600 mg, and the
combination of the agents achieved statistically significant decreases in HbA1c in comparison
with placebo and a baseline HbA1c of 8.1–8.4% (P � 0.001). The reductions in HbA1c were
similar in the nateglinide (0.6%) and troglitazone (0.8%) monotherapy groups. The reduction in
HbA1c (1.7%) was greatest in the combination group; 79% of patients in the combination group
achieved HbA1c levels of �7%. The combination group had a higher number of adverse events,
primarily due to an increased incidence of mild hypoglycemia in this treatment group.

CONCLUSIONS — Nateglinide and troglitazone are equally effective in decreasing HbA1c

levels. However, these reductions from baseline HbA1c values of �8% are not adequate to
achieve HbA1c levels of �7%. In contrast, the combination of nateglinide and of a thiazolidinedi-
one shows an additive effect that is highly effective in reducing HbA1c levels to the target of �7%
in 66% of patients, from a baseline HbA1c that is just above 8%.
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The major defects of type 2 diabe-
tes—insulin resistance and im-
paired insulin secretion— occur

early in the pathogenesis of the disease
(1). These abnormalities are chronic and
progressive, resulting initially in impaired
glucose tolerance and eventually in type 2
diabetes. As most patients with type 2 di-
abetes have both insulin deficiency and
insulin resistance, it is of interest to target
the dual defects with a combination of
agents. It is well known that monotherapy
with oral agents is insufficient with a high
secondary failure rate as the pathophysi-

ological defects worsen (2). Thus, it is im-
portant to consider beginning a
combination regimen at the earliest pos-
sible stage of the disease, before respon-
siveness to monotherapy begins to
decline.

Nateglinide is a derivative of the
amino acid D-phenylalanine, which acts
directly on the pancreatic �-cells to stim-
ulate insulin secretion. This stimulation
of insulin secretion is rapid, dependent on
ambient glucose levels, and is rapidly re-
versible when glucose levels drop (3–6).
Nateglinide taken just before meals con-

trols mealtime hyperglycemia, resulting
in improved overall glycemic control in
patients with type 2 diabetes (7,8). Met-
formin taken two times or three times a
day reduces glucose levels by improving
insulin action, primarily in the liver. Pre-
viously we have shown that initial combi-
nation therapy with nateglinide and
metformin resulted in reductions in
HbA1c that were at least as great as those
seen with the addition of the two agents
alone (8). Troglitazone was a thiazo-
lidinedione taken four times or two times
a day, which reduces glucose levels by en-
hancing insulin sensitivity in liver and
muscle (9). At the time of the initiation of
this study, troglitazone was the only thia-
zolidinedione approved for use in the
U.S.

This study was designed to test
whether combination therapy with nateg-
linide and troglitazone in order to target
the two major pathophysiological defects
of type 2 diabetes, is more effective than
monotherapy with either drug alone in
patients with type 2 diabetes who have an
HbA1c �6% on diet alone. In addition,
the relative contribution of each mono-
therapy to the overall combination ther-
apy effect was assessed.

RESEARCH DESIGN AND
METHODS

Patients
Men or women diagnosed with type 2 di-
abetes for at least 3 months who were not
controlled on diet and exercise alone were
enrolled into the study. Patients were
aged �30 years with a BMI of 20–35
kg/m2. Patients were excluded if they had
received oral hypoglycemic treatment
within 4 weeks before enrollment, or had
chronic insulin treatment within 6
months of the start of the run-in period.
The use of oral corticosteroids and cho-
lestyramine was not permitted, as they
could interfere with study evaluations.

Exclusion criteria included a history
of type 1 diabetes, diabetes that was the
result of pancreatic injury, secondary
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forms of diabetes, or a history of acute
metabolic or significant diabetic compli-
cations, or cardiac or liver conditions. Pa-
tients with liver function tests (LFTs)
�1.5� the upper limit of normal range
on screening were also excluded. Individ-
uals were eligible for randomization into
the double-blind treatment phase if they
had a mean HbA1c of 6.8–11%, based on
values obtained during the run-in period,
and a fasting plasma glucose �15 mmol/l.

Study design
This double-blind, randomized, parallel-
group study comprised a 4-week, single-
blind, placebo, run-in period and a 24-
week, double-blind treatment period.
The double-blind period was shortened
to 16 weeks when the Food and Drug Ad-
ministration restricted monotherapy use
of troglitazone. Some patients had already
completed 24 weeks of treatment. Study
blinding was maintained through the use
of double-dummy blinding of the study
medications. During the run-in period,
patients received one nateglinide placebo
tablet three times daily before meals and
three troglitazone placebo tablets with
breakfast only. Eligible patients who com-
pleted the run-in period were random-
ized into one of four treatment groups for
the double-blind treatment period, 1)
nateglinide 120 mg plus troglitazone pla-
cebo (“nateglinide monotherapy”); 2) tro-
glitazone 600 mg plus nateglinide
placebo (“troglitazone monotherapy”); 3)
nateglinide 120 mg plus troglitazone 600
mg (“combination therapy”); and 4)
nateglinide placebo plus troglitazone pla-
cebo (“placebo”).

Patients were instructed to take one
tablet from the nateglinide (120 mg) bot-
tle (nateglinide or matching placebo) be-
fore each of three main meals and three
200 mg tablets from the troglitazone bot-
tle (troglitazone or matching placebo)
with breakfast throughout the double-
blind treatment period. If a meal had been
missed, patients were advised not to take
the study medication at that mealtime and
to resume the normal regimen at the next
meal.

Evaluations were conducted at weeks
–4, –2, and 0, then once every 4 weeks,
except standard biochemistry tests,
which were carried out once every
2 weeks. Safety assessments included
laboratory tests (hematology, blood
chemistry, urinalysis), vital signs, electro-
cardiogram, and physical examination.

Patients fasted for at least 7 h before an
assessment visit.

The primary efficacy variable mea-
sured was HbA1c. Secondary efficacy pa-
rameters were fasting plasma glucose;
fasting total cholesterol, LDL cholesterol,
HDL cholesterol and triglyceride levels;
body weight; and hip and waist circum-
ference. Tolerability variables included
adverse experiences, laboratory results,
and measures of hypoglycemia.

The study was designed to ensure ad-
herence to Good Clinical Practice, and
was carried out in accordance with the
principles of the Declaration of Helsinki
as revised in 1996 (10).

Statistics
Changes from baseline in both primary
and secondary efficacy variables at the
week-16 end point were analyzed using
the ANCOVA model, which included ef-
fects for treatment, center, baseline effi-
cacy measure, treatment by center
interaction, and treatment by baseline ef-
ficacy measure interaction. Small centers
with fewer than two patients per treat-
ment group were pooled and used in the
model. For each treatment the least
squares mean (�SEM) along with its 95%
CI was obtained from this ANCOVA
model. The 95% CI was constructed for
each pairwise treatment comparison us-
ing the least squares means.

The week-16 intent-to-treat popula-
tion (ITT16) was the primary population
assessed. This included all randomized
patients who received trial medication
and who had documented evidence of at
least one post-baseline efficacy evaluation
on or before week 16. The last observa-
tion carried forward approach was used to
measure changes from baseline in all pri-
mary and secondary efficacy variables for
those individuals who did not complete
the week-16 efficacy assessment.

RESULTS

Patient population
A total of 1,320 patients were screened
into the single-blind run-in period (Fig.
1). Of these individuals, 599 were subse-
quently randomized. Demographics for
the randomized patients are shown in Ta-
ble 1.

Of the 599 patients randomized, the
majority were male (60.4%), Caucasian
(79.1%), and under 65 years of age
(67.1%). There were no statistically sig-

nificant differences between treatment
groups for any demographic variable. We
were not able to identify truly drug-naı̈ve
patients as the information collected only
allowed us to tell if a patient was drug
naı̈ve during the 3 months before study
entry; 62.9% of patients fit that category.
Among the 37.1% who received antidia-
betic drug therapy during the 3 months
before study entry, 75.7% were on sulfo-
nylureas. In any case, all patients were
drug naı̈ve at least 4 months before ran-
domization.

HbA1c concentration
At baseline, mean HbA1c levels were sim-
ilar across the four treatment groups.
Throughout the study, mean HbA1c levels
in the three active treatment groups
steadily declined, while values in the pla-
cebo group essentially remained con-
stant.

At the week-16 end point, there were
statistically significant reductions from
baseline in HbA1c in all active treatment
groups. Compared with a 0.5% increase
in the placebo group, HbA1c was signifi-
cantly decreased from baseline by 0.6% in
the nateglinide group, by 0.8% in the tro-
glitazone group, and by 1.7% in the com-
bination therapy group (P � 0.001 for
all). There was no statistically significant
difference in the magnitude of the HbA1c
response between the nateglinide and tro-
glitazone monotherapy groups. In addi-
tion, HbA1c was significantly decreased in
the combination group compared with
nateglinide and troglitazone mono-
therapy (P � 0.0001 for both) (Fig. 2).
Similarly, at the originally planned sched-
uled study end point (week 24), HbA1c
was increased by 0.3% in the placebo
group, and was decreased by 0.7, 1.0, and
1.8% in the nateglinide, troglitazone, and
combination groups, respectively. This
1.8% decrease in HbA1c in the combina-
tion group resulted in 82% of patients get-
ting below the HbA1c target of 7%.

Secondary efficacy results
At week 16, statistically significant reduc-
tions in fasting plasma glucose, compared
with baseline, were observed in each of
the active treatment groups (P � 0.01),
whereas the placebo group experienced a
0.7 mmol/l increase. The greatest reduc-
tion in fasting plasma glucose observed
was in the nateglinide/troglitazone com-
bination group (–3.2 mmol/l); this was
statistically significant when compared
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with placebo and nateglinide (0.5
mmol/l) or troglitazone (�2.0 mmol/l)
monotherapy (P � 0.001).

Although statistically significant in-
creases in mean total cholesterol, LDL
cholesterol, and HDL cholesterol were
observed in the nateglinide/troglitazone
combination and troglitazone mono-
therapy groups, they were small and were
not clinically meaningful (Table 2). Fur-
thermore, changes from baseline or dif-
ferences between treatment groups in
waist and hip circumference had no clin-
ical relevance. Statistically significant in-
creases from baseline in mean body
weight were observed for the active treat-
ment groups, but not for the placebo
treatment group. The mean increase was
greatest in the combination therapy
group (2.31 kg) but was similar for the
nateglinide and troglitazone mono-
therapy treatment groups (0.53 and 0.50
kg, respectively) (Table 2).

Adverse events
Of the 599 evaluated patients, 438 expe-
rienced at least one adverse event during
the randomized period. The nateglinide/
troglitazone combination group had the
greatest number of patients with adverse
events (81%) compared with the placebo,
nateglinide and troglitazone groups, (67,
68, and 77%, respectively). The most fre-
quent adverse events were events sugges-
tive of mild hypoglycemia and upper
respiratory tract infection.

Events suggestive of mild hypoglyce-
mia occurred in 16.4% of patients, most
commonly in the combination therapy
group (32.7%). Confirmed hypoglycemic
episodes were rare. Confirmed hypogly-
cemia was defined as the presence of
symptoms and a plasma glucose reading
�60 mg/dl. These events occurred in
6.7% of patients in the combination ther-
apy group, and in 2.0% of the placebo
group. The monotherapy groups had

event rates of 0.7% for nateglinide and
1.3% for troglitazone. Only three patients
discontinued due to hypoglycemia. Two
of these individuals were in the combina-
tion group, while the other was on trogli-
tazone monotherapy. None of the
patients with hypoglycemic events re-
quired the assistance of another person.

Adverse events led to only 27 individ-
uals (4.5%) withdrawing from the study,
5.3% in the combination therapy group,
2.7% in the nateglinide group, 7.9% in
the troglitazone group, and 2.0% in the
placebo group. The majority of the events
that caused withdrawals in the troglita-
zone and combination groups were con-
sistent with the known effects of
troglitazone, i.e., increased hepatic en-
zymes and weight gain. Thirteen patients
in total withdrew from the study as a re-
sult of LFTs above predefined changes
from baseline (SGOT [serum glutamic ox-
aloacetic transaminase] and SGPT [serum
glutamic pyruvic transaminase] �200%,
alkaline phosphatase and total bilirubin
�100%) and were outside the normal
range. These included seven patients re-
ceiving troglitazone monotherapy, four
who received combination therapy, and
one who received placebo. During the
study, one patient died from cardiac ar-
rest subsequent to acute myocardial in-
farction. This individual was in the
nateglinide treatment group and had a
history of hypertension and hypercholes-
terolemia. The event was judged to be un-
related to trial medication.

CONCLUSIONS — The use of initial
combination of agents that target the two
defects of type 2 diabetes—insulin resis-
tance and impaired insulin secretion—
appears to be a logical approach to the
management of this condition. This study
demonstrated that the combination of
nateglinide and troglitazone (agents with
complementary mechanisms of action,
which in this study were equally effective
in decreasing HbA1c levels) is efficacious
in patients with type 2 diabetes inade-
quately controlled on diet alone. Indeed,
when used in combination, they signifi-
cantly improved both measures of glyce-
mic control HbA1c and fasting plasma
glucose, after 16 weeks of treatment com-
pared with monotherapy or placebo.
These reductions are at least as great as
those reported earlier using a similar pro-
tocol in which initial combination ther-
apy of nateglinide and metformin was

Figure 1—Patient disposition. ITT, intent-to-treat population.
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demonstrated to be efficacious in patients
with type 2 diabetes inadequately con-
trolled on diet alone (8).

The additive glucose-lowering effect
observed in this study has been demon-

strated previously when thiazolidinedio-
nes have been combined with metformin,
sulfonylureas, repaglinide, and insulin
(11–14). In addition, monotherapies with
sulfonylureas and metformin can achieve

comparable results to those seen in this
combination study (19). However, there
are limitations to all of these therapies
(19) that make the combination of nateg-
linide with either a thiazolidinedione or
metformin (8) an attractive alternative
therapy when one or more of the possible
therapeutic regimens is not appropriate.

There were no clinically meaningful
changes from baseline or between treat-
ment groups in fasting serum lipids.
Weight gain has been found to be a side
effect of troglitazone monotherapy in pre-
vious studies (11,15–17), which may ex-
plain the 2.3-kg increase in weight gain
seen in the individuals in the combination
group of this study. The pattern and dis-
tribution of adverse events observed in
the study were consistent with diabetes,
its associated comorbidities, and the
known effects of the study drugs. The ma-
jority of adverse events were mild to mod-
erate in severity, and no hypoglycemic
events were considered severe or serious.
Increased hepatic enzymes can be associ-
ated with troglitazone therapy (18). In
this study, however, only two patients
withdrew for this reason—one in the tro-
glitazone group and the other in the pla-
cebo group. It is conceivable that the
results of this study can be extrapolated to
the current thiazolidinediones pioglita-
zone and rosiglitazone but studies will
need to confirm the findings.

This study has shown that a combina-
tion of agents can optimize antidiabetic
therapy in type 2 diabetic subjects with
mild hyperglycemia who need further
glycemic control. The approach was to
use a combination of nateglinide and tro-
glitazone to target the major pathophysi-
ological defects of type 2 diabetes—
insulin resistance and impaired insulin
secretion. Nateglinide was chosen based
on its unique ability to stimulate early in-
sulin secretion (3–6) and the glitazone (9)
to potentiate insulin sensitivity. By this
approach, we have shown that combina-
tion therapy with nateglinide and trogli-
tazone, agents with complementary
mechanisms of action, produce additive
reductions in fasting plasma glucose and
HbA1c, resulting in many more patients
reaching the therapeutic goal of a HbA1c
�7%.

Future studies are certainly war-
ranted to explore the beneficial effects of
initial combination therapy with nateglin-
ide and with safer thiazolidinediones such
as rosiglitazone and pioglitazone.

Table 1—Baseline demographics and background characteristics of the randomized patient
population

Variable Placebo
Nateglinide

120 mg
Troglitazone

600 mg

Nateglinide
120 mg and
Troglitazone

600 mg

n 148 150 151 150
Sex (M/F %) 59/41 59/41 63/37 61/39
Race (%)

Caucasian 74.3 79.3 80.1 82.7
Black 10.1 6.0 7.9 2.7
Asian/Oriental 0.7 1.3 1.3 1.3
Other 14.9 13.3 10.6 13.3

Mean age (years) 58 58 57 59
Range 32–83 34–83 33–86 31–82

Mean BMI (kg/m2)
Range 20–38 21–38 19–37 21–45

Mean duration of
diabetes (years)

4.7 5.1 4.2 4.2

Range 0.2–37.9 0.1–33.4 0–20.4 0.3–26.2
Mean HbA1c (%) 8.2 8.4 8.1 8.3

SD 1.2 1.1 1.0 1.3
Mean fasting

plasma glucose
(mmol/l)

10.4 10.9 10.3 10.5

SD 2.5 2.3 2.3 2.4

Figure 2—HbA1c from baseline in each treatment group (�, placebo; �, nateglinide (120 mg); Œ,
troglitazone (600 mg); F, nateglinide (120 mg) and troglitazone (600 mg).
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Placebo
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120 mg
Troglitazone

600 mg
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120 mg and
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600 mg
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LDL cholesterol � 0.05 � 0.01 � 0.19 � 0.17
HDL cholesterol � 0.02 � 0.02 � 0.12 � 0.11
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Number discontinued 0 0 1 0

Suggestive hypoglycemia 7 24 18 49
Percent of total 4.7 16 11.9 32.7

Confirmed hypoglycemia 3 1 2 10
Percent of total 2.0 0.7 1.3 6.7

Changes in liver enzymes 2 1 8 7
Number discontinued 2 0 7 4

Hematocrit �20% decrease 0 1.3 2.0 0

*Adjusted mean changes from baseline.
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