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Nateglinide or gliclazide in combination with metformin

for treatment of patients with type 2 diabetes mellitus

inadequately controlled on maximum doses of metformin

alone: 1-year trial results

S. Ristic, C. Collober-Maugeais, F. Cressier, P. Tang and E. Pecher

Novartis Pharma, Basel, Switzerland

Aim: To compare long-term efficacy and safety of nateglinide plus metformin with those of gliclazide plus metformin

in patients with type 2 diabetes not adequately controlled with metformin monotherapy.

Methods: Double-blind, double-dummy, multicentre study extended to a total of 52 weeks. Patients with inadequate

glucose control on maximal doses of metformin were randomized to nateglinide (N ¼ 133) or gliclazide (N ¼ 129) add-

on treatment. After the initial 6-month study, the majority of patients in the nateglinide group [n¼ 112 (93.3%)] and in

the gliclazide group [n ¼ 101 (92.7%)] entered a 6-month, double-blind, extension study.

Results: There was no significant difference between treatment regimens in haemoglobin Alc (HbA1c) change from

baseline to 52 weeks (�0.14% for nateglinide vs. �0.27% for gliclazide; p ¼ 0.396). Proportions of patients achieving

an endpoint HbA1c of<7%were similar (40 vs. 47.4%) for nateglinide and gliclazide groups. There was no significant

between-treatment difference in fasting plasma glucose change from baseline to 52 weeks (nateglinide: �0.2 mmol/l

and gliclazide: �0.7 mmol/l; p ¼ 0.096). The decreases in prandial plasma glucose area under the curve0–4 h from

baseline were �3.26 and �1.86 h � mmol/l in the nateglinide and the gliclazide groups respectively, and the

change was statistically significant in the nateglinide group only (p ¼ 0.006). Initial insulin response to a meal was

augmented with nateglinide treatment only, without between-treatment difference in 2-h insulin response. The

overall rate of hypoglycaemic events was similar with nateglinide and gliclazide combinations with metformin.

Nateglinide plus metformin treatment was not associated with weight gain.

Conclusions: No significant difference was seen between nateglinide plus metformin and gliclazide plus metformin in

terms of HbA1c. Treatment with nateglinide plus metformin for up to 12 months was not associated with weight gain.
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Introduction

Type 2 diabetes is characterized by insulin resistance and

a decrease in insulin secretion from the pancreatic islets

[1]. It is a severe, progressive disease that is increasing in

prevalence worldwide, along with a rise in obesity [2].

The most frequently used initial pharmacological agent

for the treatment of diabetes is metformin. Metformin

works as an insulin sensitizer, predominantly by reduc-

ing glucose production from the liver [3]. Due to the pro-

gressive deterioration of b-cell function, treatment with

more than one agent, with complementary modes of

Correspondence:

Dr Smiljana Ristic, Novartis Pharma AG, WSJ-202.2.14a, CH-4002 Basel, Switzerland.

E-mail:

smiliana.ristic@novartis.com

506 j Diabetes, Obesity and Metabolism, 9, 2007, 506–511
# 2006 The Authors

Journal Compilation # 2006 Blackwell Publishing Ltd



action, is required to maintain good glycaemic control

over time. There is paucity of data about long-term effi-

cacy of combination therapy, although there is initial

evidence that even combination therapy gradually fails

over time [4].

Sulphonylurea agents, such as gliclazide, are the most

commonly used add-on treatment in patients not ade-

quately controlled with metformin monotherapy. They

augment insulin secretion from pancreatic b cells, irre-

spective of blood glucose level. Nateglinide belongs to

the new generation ofmore physiological insulin secreta-

gogues that stimulateb cells in aglucose-sensitive fashion

at meal periods.

A previous study [5] evaluated and compared the effi-

cacy and safety of an individually titrated dose of nate-

glinide with those of an individually titrated dose of

gliclazide, each in combination with the highest indi-

vidually tolerated dose of metformin. The study was

carried out in patients with type 2 diabetes, who were

inadequately controlled with metformin monotherapy

and diet prior to the start of the study over a period of

24 weeks. At the end of the initial 6-month study, both

treatments resulted in significant and clinically mean-

ingful reductions in haemoglobin Alc (HbA1c), with little

difference between the treatments. A 6-month extension

study was carried out with the objective being to evaluate

the effect of nateglinide compared with that of gliclazide

in combination with metformin on HbA1c, fasting

plasma glucose (FPG), body weight and postprandial

insulin and glucose, after 12 months of treatment.

Methods

This is a 6-month, double-blind, extension study of the

previously reported 24-week, multicentre, double-blind,

parallel group, randomized study [5]. Patients were eligi-

ble for the initial study if they had type 2 diabetes for

a minimum of 6 months and had received metformin

monotherapy for at least 3 months, with a minimummet-

formin dose of 1000 mg/day for at least 2 months prior to

study entry. Inadequate glycaemic control on metformin

monotherapy was defined as HbA1c level of 6.8–9%, and

body mass index inclusion criterion was 20–35 kg/m2.

The original study and the extension study were carried

out according to Good Clinical Practice guidelines and

the Declaration of Helsinki.

Patients continued to receive their individual highest

nateglinide or gliclazide treatment in combination with

metformin monotherapy. The three dose levels for each

treatment group were nateglinide 60, 120 and 180 mg

three times a day before meals (t.i.d.) and gliclazide 80,

160 and 240mg once daily. If the individual dose of nate-

glinide or gliclazide reached at the end of the 24-week

study was not maximal, the study medication was upti-

trated during the course of extension treatment, provided

that the FPG level was >7 mmol/l [equivalent to fasting

blood glucose; self-monitored blood glucose (SMBG)

>6.3 mmol/l] and the patient had not experienced any

confirmed hypoglycaemic events [symptomatic events

with plasma glucose concentration of �4.0 mmol/l (�72

mg/dl)] or the patient had not experienced more than

three eventswith symptoms suggestive of hypoglycaemia

in the previous month.

If significant hypoglycaemia occurred, the patient

was downtitrated to a lower dose of study medication.

Patients experiencing frequent (greater than or equal to

three events a week) clinical grade 1 hypoglycaemic

events, frequent (greater than or equal to three events

a week) asymptomatic SMBG levels of �65 mg/dl (�3.6

mmol/l) or three plasma glucose results of �72 mg/dl

(�4.0 mmol/l) during the course of the study on the

lowest dose of study medication were discontinued from

the study. Patients experiencing grade 2 hypoglycaemia

(hypoglycaemic events that required the assistance of

another person) were also discontinued from the study.

Medication instruction, dispensing and the use of con-

comitant therapy were the same as for the initial 24-week

study [5].

Patients completed a standard meal challenge [5] after

52 weeks of treatment, with measurement of glucose and

insulin prior to and aftermeal ingestion. Levels ofHbA1c,

fasting glucose and insulinweremeasured after 52weeks

of study treatment using standard methods at a central

laboratory. The primary efficacy evaluation was based

on HbA1c changes from baseline to endpoint at week 52

or the final visit, using the last observation carried for-

ward (LOCF) approach. Baseline was calculated as the

average of the measurements obtained from the evalu-

ations for HbA1c on weeks 2 and 0. If one of these meas-

urements was missing, the remaining measurement was

used as the baseline; if bothweremissing, then thepatient

was excluded from the analysis. The primary population

in this assessment was the extension ITT population.

The study tested the null hypothesis H0: t1 ¼ t2 vs. the
alternative hypothesis Ha: t1 6¼ t2 using an analysis of

covariance (ANCOVA) model, where t1 is the effect of

nateglinide plus metformin combination therapy and t2
is the effect of gliclazide plus metformin combination

therapy on HbA1c change from baseline at 52 weeks or

last observation carried forward. The statistical test was

conducted at the two-sided significance level of 0.05,

and 95% confidence intervals are presented for the treat-

ment comparison. The primary ancova model included

effects for treatment, centre, baseline HbA1c and treatment
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by baseline–HbA1c interaction. Small centres were pooled

for this analysis to ensure at least one patient is present

in each treatment arm. Analogous ANCOVA models were

performed for secondary efficacy parameters.

Safety assessments consisted ofmonitoring and record-

ing all adverse events and serious adverse events, hypo-

glycaemic events, the regular monitoring of haematology,

blood chemistry and measurement of vital signs, as pre-

viously described [5].

Results

Of the 262 patients originally enrolled in the study, 229

completed the initial phase: 120 patients in the nategli-

nide group and 109 in the gliclazide group. The majority

of the patients who completed the initial study agreed

to continue with double-blind extended treatment: 112

(93.3%) in the nateglinide plus metformin group and

101 (89.1%) in the gliclazide plus metformin group. The

proportion of patients who discontinued during the

extension study period was small and similar in both

treatment groups: four (3.6%) in the nateglinide group

(one due to adverse events and three due to unsatisfactory

therapeutic effect) and three (3.0%) in the gliclazide

group (two due to adverse events and one who withdrew

consent). Key demographic characteristics and back-

ground disease characteristics are shown in table 1; there

were no evident differences between the two treatment

groups.

The meanmetformin doses at study entry were compa-

rable (1931 and 1834 mg/day in the nateglinide and gli-

clazide groups respectively). In the nateglinide group,

64.3% of patients were on the highest dose level (180

mg t.i.d.) at the end of extension study compared with

40.6% of patients in the gliclazide group, who attained

the highest dose level (240 mg/day) at the end of the

52-week period.

Glycaemic Control

Changes in HbA1c concentrations over 12 months are

shown in figure 1. HbA1c decreased significantly (p <

0.001) in both groups over the first 24 weeks, but then

tended to increase again over the following 24 weeks,

withno significant difference between treatments atweek

52 (p ¼ 0.396). Similar percentages of patients achieved

endpoint HbA1c levels below 7% (table 2).

Changes in FPG levels mirrored changes in HbA1c lev-

els. The decrease from baseline in FPG was statistically

significantonly in thegliclazideplusmetformin treatment

arm, but the difference from baseline between the two

treatment groups was not statistically significant (table 2).

Reductions in postprandial glucose after a standard

mealwere significantlydifferent for thenateglinide group

than for the gliclazide group at 24 weeks (�0.7 vs. �0.1;

p¼ 0.037), but during the extended study, the differences

narrowed andno longer reached statistical significance at

the 52-week endpoint (table 3). The observed decreases

in glucose area under the curve (AUC)0–4 h from baseline

at the 52-week endpoint were �3.26 and �1.86 h �
mmol/l in the nateglinide and the gliclazide groups

respectively. This change from baseline was statistically

significant in the nateglinide group only (p ¼ 0.006),

but the difference between groups was not statistically

significant. These decreases were smaller than those

observed at the 24-week study endpoint (�5.96 vs.

�3.93 h �mmol/l).

Nateglinide plus metformin treatment augmented the

acute plasma insulin response at 30 min after a meal to

a greater degree than gliclazide plus metformin treatment

(table 3). The difference between the treatment arms for

the 2-h plasma insulin concentrationwas not statistically

different. The insulin secretion index, as measured by

HOMA-B, was greater than at baseline for the gliclazide

arm but lower than at baseline for the nateglinide group.

In contrast to the results at 24 weeks, the difference

between treatments was statistically significant.

A statistically significant (p¼ 0.009) increase of 0.91 kg

in body weight during the 52-week study period was

Table 1 Demographic and background characteristics of

treatment groups

Nateglinide +

metformin

(n = 112)

Gliclazide +

metformin

(n = 101)

Age (years)

Mean (s.d.) 61.9 (11.1) 61.5 (10.2)

Range 28–84 38–80

Age group, n (%)

<65 years 60 (53.6) 54 (53.5)

�65 years 52 (46.4) 47 (46.5)

Sex, n (%)

Male 63 (56.3) 51 (50.5)

Female 49 (43.8) 50 (49.5)

Race, n (%)

Caucasian 110 (98.2) 98 (97.0)

Non-Caucasian 2 (1.8) 3 (3.0)

BMI (kg/m2), mean (s.d.) 28.6 (3.5) 30.0 (3.2)

Duration of diabetes

(years), mean (s.d.)

7.28 (6.34) 6.31 (5.40)

Baseline HbA1c (%),

mean (s.d.)

7.65 (0.60) 7.55 (0.57)

Baseline FPG (mmol/l),

mean (s.d.)

9.04 (1.53) 8.54 (1.45)

BMI, body mass index; FPG, fasting plasma glucose; HbA1c,

haemoglobin A1c.
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observed in patients in the gliclazide plus metformin

group. The change in the nateglinide plus metformin

groupwas 0.42 kg andwasnot significantly different from

baseline (p ¼ 0.201).

Safety

There were no deaths during the study, and no clinically

meaningful differences between the two treatment arms

were observed in the rates of incidence of specific adverse

events. Serious adverse events during the extension

phase were infrequent (1.8 vs. 6.9% for nateglinide and

gliclazide groups respectively). Serious adverse events in

the nateglinide group were cardiac failure and unstable

angina; in the gliclazide group, the serious events were

prostate adenoma, chest pain, acute coronary syndrome,

intervertebral disc protrusion, atrial fibrillation and

two cases of myocardial infarction. No adverse events

were attributed to the study drug in contrast to the

24-week study where a proportion of events experi-

enced in the gliclazide group were attributed to study

medication. The most frequent types of adverse events

were nasopharyngitis, hypertension, influenza, diarrhoea

and upper respiratory tract infections. Discontinuations

due to adverse events were also infrequent (one and two

patients in the nateglinide and the gliclazide groups

respectively). There were no clinically relevant differen-

ces between treatments in clinical laboratory parameters

and vital signs.

Hypoglycaemic Events

The number of patients who experienced hypoglycaemic

events (table4), either symptomatic or asymptomatic,was

similar in both treatment arms during the extension

period and distinctly lower than that observed during

the initial 24-week study. The overall rate of events sug-

gestive of hypoglycaemia during the extension period

was similar: 8.2 and 8.7 events/100 patients/month for

the nateglinide and gliclazide groups respectively. These

rates were considerably lower than those observed in the

24-week study (16.4 and 31.5 events/100 patients/

month). In particular, the rates of symptomatic events

were very low in both groups (1.8 and 1.4 events/100

patients/month in the nateglinide and gliclazide groups

respectively). The rates of asymptomatic and confirmed

events were also similar in both treatment groups.

Treatment: Gliclazide+Metformin Nateglinide+Metformin
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Fig. 1 Mean haemoglobin A1c

(HbA1c) level over time of treatment

with either nateglinide or gliclazide

in combination with metformin in

patients with type 2 diabetes.

Table 2 Proportion of patients with positive responses to

predefined HbA1c criteria and changes in fasting plasma

glucose at the 52-week endpoint

Nateglinide +

metformin

(n = 110)

Gliclazide +

metformin

(n = 99)

Response rates, n (%)

Reduction of HbA1c �1%

from baseline

22 (20.0) 24 (24.2)

Endpoint HbA1c <7% 44 (40.0) 47 (47.5)

Baseline FPG (mmol/l),

mean � s.d.

8.98 � 1.52 8.51 � 1.44

Change, least squares

mean � s.e.

�0.20 (0.22) �0.69 (0.23)

p value for change 0.357 0.003

Treatment difference, mean � s.d. 0.49 � 0.29

p value for treatment difference 0.096

FPG, fasting plasma glucose; HbA1c, haemoglobin A1c.
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Discussion

A 6-month extension to the previously reported 24-week

studywas conducted to obtain long-termdata on efficacy,

safety and tolerability of nateglinide comparedwith those

of gliclazide in combination with metformin in patients

inadequately controlled on metformin monotherapy.

HbA1c levels tended to be higher at the 52-week endpoint

compared with the previously reported 24-week period

for both combination treatments. This is in agreement

with recent studies that compared combination treatment

of gliclazide and metformin with pioglitazone and met-

formin and documented HbA1c increases by approxi-

mately 0.4% between the 24-week and 52-week follow

up [6]. A progressive rise in HbA1c with monotherapy

followed by add-on treatment has been confirmed during

the UK Prospective Diabetes Study [4,7,8]. In the current

trial, the two combination regimenswere likewise unable

to halt the progressive deterioration of metabolic control

typical for type 2 diabetes.

Responder rate, as assessed by the number of patients

showing an improvement in HbA1c greater than 1.0%,

was similar for both treatments. Similar proportion of

patients in both treatment combinations reached aHbA1c

below 7.0%, which is the currently defined treatment

goal [9]. The changes in FPG levels paralleled the changes

observed in HbA1c levels. FPG concentrations at 52

weeks were slightly, but significantly, lower than at

baseline in the gliclazide plus metformin treatment arm.

However, there was no difference in FPG between the

nateglinide plus metformin and gliclazide plus metfor-

min groups.

The superior ability of nateglinide to reduce postpran-

dial plasma glucose levels, observed in the previously

reported 24-week study [5], was further confirmed in this

follow-up study. Although the differences in postpran-

dial plasma glucose AUC were smaller than at 24 weeks,

they nevertheless reached statistical significance. Re-

duction in postprandial glucose with nateglinide was

achieved through greater increase in early insulin secre-

tion, documented by significantly higher insulin level at

30 min achieved with nateglinide than with gliclazide.

Two-hour insulin levels indicate that there was no differ-

ence in later phase insulin secretion between nateglinide

and gliclazide. This is consistent with the previously

reported glucose-sensitive nature of insulin secretion

with nateglinide treatment [10].

Table 3 Plasma glucose and insulin levels following a test meal, and insulin secretion index (HOMA-B), at study baseline and

changes after 52 weeks of treatment of patients with type 2 diabetes*

Nateglinide + metformin Gliclazide + metformin Treatment difference

Maximum postprandial plasma glucose (mmol/l) n ¼ 102 n ¼ 93

Baseline, mean � s.d. 15.03 � 3.37 13.59 � 2.82

Least squares mean change � s.e. �0.69 � 0.40 �0.29 � 0.43 �0.40 � 0.55

p value 0.087 0.500 0.470

Thirty minutes’ postprandial insulin (pmol/l) n ¼ 97 n ¼ 92

Baseline, mean � s.d. 156.8 � 127.4 161.8 � 123.1

Least squares mean change � s.e. 131.7 � 13.2 40.7 � 13.6 91.0 � 17.6

p value <0.001 0.003 <0.001

Two hours postprandial insulin (pmol/l) n ¼ 95 n ¼ 87

Baseline, mean � s.d. 213.4 � 165.7 235.8 � 197.7

Least squares mean change � s.e. 77.4 � 14.7 49.1 � 15.7 28.3 � 20.2

p value <0.001 0.002 0.163

HOMA-B n ¼ 95 n ¼ 91

Baseline, mean � s.d. 48.2 � 55.9 57.3 � 70.5

Least squares mean change � s.e. �1.83 � 5.4 19.8 � 5.6 �21.6 � 7.3

p value 0.738 0.001 0.004

*The p values are within-group for changes from baseline and between-groups for treatment difference.

Table 4 Number of patients reporting hypoglycaemic events

during 52weeks of treatmentwith nateglinide or gliclazide in

combination with metformin

Nateglinide +

metformin

(n = 112)

Gliclazide +

metformin

(n = 101)

Patients with at least one event

suggestive of hypoglycaemia, n (%)

19 (17.0) 16 (15.8)

Patients with at least one confirmed

event of hypoglycaemia, n (%)

17 (15.2) 15 (14.9)

Patients with greater than or equal to

three events suggestive of

hypoglycaemia, n (%)

7 (6.3) 7 (6.9)

Patients with greater than or

equal to three events

confirmed as hypoglycaemia, n (%)

7 (6.3) 7 (6.9)
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While there was a statistically significant increase in

bodyweight in the gliclazide group, therewasno increase

in bodyweight in patients on the nateglinide plusmetfor-

min treatment, most likely due tomore physiological pat-

tern of insulin secretion with nateglinide.

Nateglinide plus metformin and gliclazide plus met-

formin were well tolerated during the extension study

period, and no differences of note were observed for any

specific adverse events. Serious adverse events were

infrequent but tended to be more common in the glicla-

zide plus metformin group; however, none was consid-

ered to be related to the study drug. The number of

patients who experienced hypoglycaemic events was

similar in both treatment arms during the extension

period and distinctly lower than observed during the

24-week study. The higher incidence of hypoglycaemia

in this study in comparison to the other nateglinide stud-

ies could be ascribed to the utilization of broader criteria

of hypoglycaemic events and to the frequent use of the

highest dose of nateglinide. Definition of hypoglycaemic

event included asymptomatic episodes of low blood glu-

cose and events suggestive of hypoglycaemia without

confirmation based on blood glucose measurement.

The results after 52 weeks are broadly similar to those

after 24 weeks. With both treatment modalities, the initial

improvement in metabolic control was attenuated during

the extension period. The trend in favour of the gliclazide

plus metformin combination in reduction of HbA1c

weakened between the 24-week and 52-week follow up.

Nateglinide plusmetformin remainedmore potent at stim-

ulating the acute insulin response to amealuntil the endof

the 52-week follow up. Postprandial plasma glucose con-

trol remained better in patients treated with nateglinide

plus metformin, and statistical significance was main-

tained for the adjusted AUC0–4 h. Thus, the good safety

and tolerability of both treatments demonstrated in the

24-week study were confirmed in this 6-month extension.
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