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Abstract Background Progressive β-cell failure is a characteristic feature of type 2 diabetes;
consequently, β-cell secretagogues are useful for achieving sufficient glycaemic control.
The European GUIDE study is the first large-scale head-to-head comparison of two
sulphonylureas designed for once-daily administration used under conditions of everyday
clinical practice.

Design Eight hundred and forty-five type 2 diabetic patients were randomized to either
gliclazide modified release (MR) 30–120 mg daily or glimepiride 1–6 mg daily as monotherapy
or in combination with their current treatment (metformin or an α-glucosidase inhibitor)
according to a double-blind, 27-week, parallel-group design. Efficacy was evaluated by
HbA1c and safety by hypoglycaemic episodes using the European Agency definition.

Results HbA1c decreased similarly in both groups from 8·4% to 7·2% on gliclazide MR
and from 8·2% to 7·2% on glimepiride. Approximately 50% of the patients achieved HbA1c
levels less than 7%, and 25% less than 6·5%. The mean difference between groups of
the final HbA1c was −0·06% (noninferiority test P < 0·0001). No hypoglycaemia requiring
external assistance occurred. Hypoglycaemia with blood glucose level < 3 mmol L−1

occurred significantly less frequently (P = 0·003) with gliclazide MR (3·7% of patients)
compared with glimepiride (8·9% of patients). The distribution of the sulphonylurea doses
was similar in both groups.

Conclusions This study provides new insights into therapeutic strategies using
sulphonylureas. It shows that gliclazide MR is at least as effective as glimepiride, either as
monotherapy or in combination. The safety of gliclazide MR was significantly better,
demonstrating approximately 50% fewer confirmed hypoglycaemic episodes in comparison
with glimepiride.
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Introduction

Sulphonylureas are widely used in the management of type
2 diabetes, as impaired insulin secretion plays an important
role in the pathophysiology of hyperglycaemia [1]. Tight
glycaemic control is essential in order to prevent or delay
diabetes complications [2,3]. One deterrent to tight gly-
caemic control is the risk of hypoglycaemia [2]. Moderate
hypoglycaemia induces cognitive impairment [4] and
many complex attention tasks relevant to everyday life
may be impaired [5]. Recurrent severe hypoglycaemia may
induce impaired awareness of hypoglycaemia and possibly
long-term sequelae in the form of cumulative cognitive
impairment [6,7]. Intensive therapy frequently means
multiple medications, negatively impacting treatment adher-
ence. Studies have demonstrated that adherence depends
on the frequency of doses: fewer intakes lead to higher
compliance [8]. Gliclazide modified release (MR) and
glimepiride are the two once-daily sulphonylureas used
most frequently in type 2 diabetes treatment in many
European countries [9]. Gliclazide MR has demonstrated
efficacy and safety [10–12]; a smaller incidence of hypogly-
caemia has been reported with gliclazide than with other
sulphonylureas in several studies [13–15]. Glimepiride
demonstrated equivalent efficacy to glibenclamide, with a
lower incidence of hypoglycaemia during the first weeks
of treatment [16,17]. Despite sulphonylureas being a
widely used class of oral antidiabetics [9], few direct
comparisons have been performed. GUIDE (GlUcose
control in type 2 diabetes: Diamicron MR vs. glimEpiride)
is a large scale prospective double-blind, randomized
study comparing gliclazide MR and glimepiride, over
27 weeks in type 2 diabetic patients. The study was
designed first to assess the efficacy of these sulphonylureas,
following current recommendations for dose adapta-
tion and second to obtain reliable information on
sulphonylurea-related hypoglycaemia when glycaemic control
is improved.

Methods

Subjects

Inclusion criteria were: type 2 diabetic patients (accord-
ing to World Health Organization criteria), >35 years
old, treated for at least 3 months with diet alone or in
combination with metformin or an α-glucosidase inhibitor
(acarbose or miglitol), with glycated haemoglobin
(HbA1c) between 6·9% to 11·5%, and able to perform
home blood glucose monitoring. Exclusion criteria
were: currently treatment with insulin-secreting agents
or thiazolidinediones, contraindication to study drugs,
no effective contraception in women with child-bearing
potential, elevated transaminases more than threefold
the upper normal range or calculated creatinine
clearance (CCl) using the Cockroft formula: CCl <
20 mL min−1.

Study design

After confirmation of eligibility, patients were randomized
to either gliclazide MR or glimepiride either as monotherapy
in patients previously treated with diet alone or in combi-
nation with their current treatment (metformin or an α-
glucosidase inhibitor maintained at stable dosage) for a
27-week double-blind treatment period that comprised a
9-week dose titration period followed by an 18-week
maintenance period. The randomization of treatments was
balanced, using permutation blocks of four and stratified on
the centres.

The four dosages of gliclazide MR, from 30 to 120 mg
daily, and the five dosages of glimepiride, from 1 to 6 mg
daily, currently recommended in European countries were
used. Tablets were masked in capsules. It was checked that
the blinding method using capsules did not modify the dis-
solution kinetics of the tablets. Capsules were taken once
daily, just before or during breakfast as follows (gliclazide
MR/glimepiride): dose 1 (30 mg or 1 mg); dose 2 (60 mg
or 2 mg); dose 3 (90 mg or 3 mg); dose 4 (120 mg or 4 mg);
and dose 5 (120 mg or 6 mg). Patients started double-blind
medication with the lowest dose of gliclazide MR 30 mg or
glimepiride 1 mg. During the titration period, the dose of
study medication could be increased every 3 weeks up to
dose 4 until metabolic control was achieved [therapeutic
goal defined as fasting plasma glucose (FPG) between 5 and
7·8 mmol L−1]. Visits were then scheduled every 9 weeks
(W). The product monograph for glimepiride states that the
usual maintenance dose is 1–4 mg and the maximal dose
of 6 mg allowed in most European countries improves blood
glucose control only in exceptional cases. However,
glimepiride 6 mg (dose 5) could be prescribed at visit W18
based on HbA1c and the investigator’s judgement. Dose 5
for gliclazide MR corresponded like dose 4–120 mg.
Throughout the study, the dose could be decreased in case
of hypoglycaemia according to the investigator’s judgement
or more than 3 episodes within 1 month.

The trial was approved by the Medical Ethical Review
Committees of participating centres and conducted in
accordance with the revised Declaration of Helsinki
(Edinburgh revision, 2000). All patients gave their written
informed consent to participate in the study. One hundred
and fifty-four clinical centres in Austria, Belgium, the Czech
Republic, France, Germany, Hungary, Italy, the Nether-
lands, Poland, Slovakia, Spain, and the United Kingdom
were involved.

All fasting blood samples were analyzed in a central
laboratory (MDS-Pharma Services, France), except for FPG
during the titration period, which was analyzed in local
laboratories (W3, W6, and W9).

Central HbA1c and FPG were assessed at baseline (W0),
at the end of the titration period (W9), and during the main-
tenance period (W18 and W27). HbA1c was assayed with the
high-performance liquid chromatography (HPLC) Biorad
Variant. The lipid profile [including total cholesterol, high-
density lipoprotein (HDL) cholesterol, calculated low-
density lipoprotein (LDL) cholesterol, and triglycerides,
using an enzymatic method] and biochemical safety screen



GUIDE study: gliclazide MR vs. glimepiride 537

© 2004 Blackwell Publishing Ltd, European Journal of Clinical Investigation, 34, 535–542

(serum creatinine, transaminases, alkaline phosphatase)
were assessed at W0 and at the last visit.

Adverse events were recorded at each visit after examina-
tion and questioning of patients.

All patients were provided with the same blood glucose
monitoring device with a memory (Glucotrend, Roche
Diagnostics) and were trained to recognize symptoms sug-
gestive of hypoglycaemia. Patients systematically measured
capillary blood glucose 1 day per week (three times daily:
before breakfast, lunch, and dinner). At any occurrence of
symptoms they were instructed to measure their blood glucose
level (BGL) and to record the event in a diary, which was
reviewed by the investigator at each visit.

The definitions used to classify suspected hypoglycaemia
were those recommended by the European Agency for the
Evaluation of Medicinal Products (EMEA) [18]: (i) severe
hypoglycaemia, defined as symptomatic episodes requiring
external assistance owing to severe impairment in con-
sciousness or behaviour, with BGL < 3 mmol L−1; (ii)
hypoglycaemia with BGL < 3 mmol L−1 being either symp-
tomatic with no need for external assistance, or asympto-
matic; and (iii) episodes suggestive of hypoglycaemia, where
blood glucose measurements are not available. Additionally
the blood glucose threshold of less than 4 mmol L−1 was also
used to describe hypoglycaemia, following the Canadian
guidelines [19].

Statistical analysis

The primary efficacy endpoint was HbA1c. Secondary
endpoints included FPG, lipid levels, and hypoglycaemic
episodes.

Sample size was estimated based on the final value of
HbA1c, using the one-sided Student’s t-test at 2·5% type I
error (noninferiority limit set at 0·5%); 400 patients per
group were needed to conclude noninferiority of gliclazide
MR compared with glimepiride with a SD of 1·5% and a
power greater than 90%. This figure was also appropriate
to evaluate differences in the incidence of hypoglycaemic
episodes.

All efficacy analyses were performed on the intention-to-
treat population, defined as all patients exposed to study
medication with one baseline and at least one postbaseline
efficacy evaluation on treatment, and the per-protocol pop-
ulation defined as completed patients without deviation
interfering with primary efficacy criterion. Safety analyses
were performed on all patients who were exposed to at least
one dose of study medication. Final values for withdrawn
patients corresponded to the final values on treatment (final
observation on treatment carried forward). Data are expressed
as mean ± SD.

For efficacy analyses, covariance analysis on the last value
including the baseline value as covariate and country and
concomitant antidiabetic treatment as factors was used. A
95% confidence interval (CI) for differences between the
least-squares means (gliclazide MR – glimepiride) obtained
from the covariance analysis were calculated as well as
an exact P-value (using a noncentred Student’s t-test).

Changes from baseline to last value were analyzed in each
treatment group using a paired Student’s t-test. Changes from
baseline were tested in each treatment group using one-way
analysis of variance for repeated measures on time factor
and completed by a Dunnett t-test (baseline as reference).

For hypoglycaemic episodes, the percentage of patients
reporting at least one episode and the distribution of the
number of episodes were compared between treatment
groups using Fisher’s exact test. The time of occurrence of
the first event was compared between the two treatment
groups using a model for survival curves (Kaplan–Meier
estimator) and Wilcoxon test.

Analyses were also performed on prespecified subgroups
according to concomitant antidiabetic treatment, age
(≤ 65, and > 65 years, > 75 years), CCl < 50, 50–80,
and > 80 mL min−1, and body mass index (BMI) (≤ and
> 30 kg m−2).

All statistical analyses were performed using SAS soft-
ware (Statistical Analysis System, version 8·2, SAS Institute,
Cary, NC). Data management and statistical analysis were
performed by a professional institute independent from the
sponsor (UMANIS, Levallois-Perret, France).

Results

Demographic and baseline characteristics

A total of 845 patients were randomized in the study. The
two groups were comparable for all baseline characteristics
(Table 1). Of the 845 patients, 842 were exposed to at least
one dose of study medication corresponding to the safety
population. Of them, 815 had at least one HbA1c value on
study medication corresponding to the intention-to-treat
population.

Overall, 778 of 845 patients (92%) completed the study.
Thus, 67 patients withdrew from the study (35 gliclazide
MR/32 glimepiride): 23 owing to adverse events other than
hypoglycaemia (12 gliclazide MR/11 glimepiride), 10 owing
to hypoglycaemia (1 gliclazide MR/9 glimepiride), two
owing to lack of efficacy (one in each treatment group), 25
for a nonmedical reason (16 gliclazide MR/9 glimepiride),
and seven because of a protocol deviation (five gliclazide
MR/2 glimepiride).

Efficacy

Over the 27 weeks of treatment, improvement in blood
glucose control was statistically significant in both groups
with decreases in HbA1c of 1·1–1% (Table 2) and in FPG
of 1·4–1·3 mmol L−1 in the gliclazide MR and glimepiride
groups, respectively. Mean adjusted differences between
groups were – 0·06% (95% CI –0·19 to 0·07) for HbA1c
and –0·05 mmol L−1 (95% CI –0·33 to 0·23) for FPG with
noninferiority tests, both P < 0·0001. The time course of the
changes in mean HbA1c and FPG in each treatment group
were similar with an early decrease at 9 weeks (Fig. 1).
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Improvement of blood glucose control was observed as early
as W9 with HbA1c of 7·5 (1·1%) and 7·4 (1·0%) at W9 and
7·3 (1·1%) and 7·2 (1·1%) at W18 in the gliclazide MR and
glimepiride groups, respectively, and a mean FPG of 8·6
(2·3) mmol L−1 at W9 and 8·7 (2·3) mmol L−1 at W18 in both
groups. The evolution of HbA1c was similar in all subgroups
according to concomitant antidiabetic treatment, age, renal
function and BMI (Table 2). In both treatment groups,
approximately 50% of patients achieved HbA1c levels
less than 7%, and 25% less than 6·5% by the end of study
treatment.

The method in which the final doses were distributed was
similar in the gliclazide MR/glimepiride groups: dose 1

(32%/32·8%); dose 2 (18%/19·2%); dose 3 (14·2%/16·9%);
dose 4 (15·5%/14·3%), and dose 5 (20·3%/16·8%). Mean
(± SD) final daily dosages were 76·2 (38·1) mg for gliclazide
MR and 2·9 (1·8) mg for glimepiride. In patients in whom
the glimepiride dose was increased from 4 to 6 mg at W18,
the mean HbA1c (± SD) remained stable at 8·5 (1·4)% at
W18 and 8·4 (1·2)% at W27. HbA1c values were 8·4 (1·2)%
and 8·2 (1·2)%, respectively, over the same period in
patients receiving dose 5 of gliclazide MR (same dosage as
dose 4, i.e. 120 mg).

Lipid parameters remained stable throughout the
study, with minimal changes in LDL-cholesterol from
3·3 to 3·2 mmol L−1 and from 3·2 to 3·2 mmol L−1 and of

Table 1 Baseline characteristics in the randomized population

Gliclazide MR 405 patients Glimepiride 440 patients

Age (years) 60·5 ± 9·9 60·6 ± 10·5
Sex (M/F) (%) 51/49 52/48
Body weight (kg) 83·1 ± 14·3 83·8 ± 16·0
Body mass index (kg m−2) 30·5 ± 4·8 30·6 ± 4·9
Blood pressure (mmHg)  136 ± 13/81 ± 8  137 ± 14/81 ± 8
Known duration of diabetes (years) 5·6 ± 5·9 5·8 ± 5·8
HbA1c (%) 8·4 ± 1·1 8·2 ± 1·0
Fasting plasma glucose (mmol L−1) 10·2 ± 2·6 10·1 ± 2·6
Hypertension (%) 61 64
Dyslipidemia (%) 49 49
Macrovascular complications (%) 22 21
Microvascular complications (%) 10 11
Antihypertensive agents (%) 60 62
Lipid-lowering agents (%) 30 33
Anti-platelet agents (%) 21 21

Data are mean ±SD.

Table 2 Change in glycated haemoglobin (%) in the intention-to-treat population
 

Gliclazide MR Glimepiride 

n Baseline Final Change n Baseline Final Change

Whole population 388 8·4 ± 1·1 7·2 ± 1·1 −1·1 ± 1·1* 427 8·2 ± 1·0 7·2 ± 1·1 −1·0 ± 1·1*

Subgroups
Treatment regimen

Monotherapy 129 8·3 ± 1·1 7·0 ± 0·9 −1·3 ± 1·1* 150 8·1 ± 1·0 6·9 ± 0·9 −1·2 ± 1·0*

Combination therapy
Metformin 219 8·4 ± 1·1 7·4 ± 1·2 −1·0 ± 1·1* 250 8·3 ± 1·0 7·4 ± 1·2 −0·9 ± 1·1*

α-glucosidase inhibitor 40 8·4 ± 1·0 7·3 ± 1·1 −1·1 ± 1·2* 27 8·2 ± 1·1 7·3 ± 1·1 −0·9 ± 1·2*

Age
≤ 65 years 253 8·4 ± 1·1 7·3 ± 1·2 −1·2 ± 1·1* 276 8·3 ± 1·0 7·2 ± 1·1 −1·1 ± 1·1*

> 65 years 135 8·4 ± 1·1 7·2 ± 1·0 −1·1 ± 1·2* 151 8·1 ± 0·9 7·2 ± 1·1 −0·9 ± 1·0*

Creatinine clearance‡
> 80 mL min−1 218 8·4 ± 1·1 7·2 ± 1·1 −1·2 ± 1·1* 229 8·3 ± 1·1 7·2 ± 1·1 −1·1 ± 1·1*

50–80 mL min−1 151 8·4 ± 1·1 7·3 ± 1·1 −1·0 ± 1·1* 176 8·2 ± 0·9 7·3 ± 1·1 −0·9 ± 1·1*

< 50 mL min−1 16 8·4 ± 1·2 7·0 ± 1·0 −1·4 ± 1·6† 22 8·1 ± 0·9 7·0 ± 1·3 −1·0 ± 1·0*

BMI
≤ 30 kg m−2 201 8·4 ± 1·2 7·3 ± 1·1 −1·2 ± 1·2* 216 8·2 ± 1·0 7·3 ± 1·1 −1·0 ± 1·2*

> 30 kg m−2 187 8·4 ± 1·1 7·2 ± 1·0 −1·1 ± 1·1* 211 8·4 ± 1·1 7·2 ± 1·0 −1·0 ± 1·0*

Data are mean ± SD.
*P < 0·001; †P < 0·01.
‡Calculated using the Cockroft formula; missing data for three patients.
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triglycerides from 2·2 to 2·1 mmol L−1 and from 2·3 to
2·2 mmol L−1 in the gliclazide MR and glimepiride groups,
respectively.

Identical results were observed in the per-protocol
population for all efficacy criteria.

Safety and tolerability

Overall, 66% and 69% of symptoms of hypoglycaemia were
documented with blood glucose measured before sugar
intake on gliclazide MR and glimepiride, respectively.

Hypoglycaemia with BGL < 3 mmol L−1 occurred signif-
icantly less frequently (P = 0·003) in the gliclazide MR
group (3·7%) compared with the glimepiride group (8·9%)
with an odds ratio of 2·5 (95% CI, 1·4–4·7) (Table 3). Epi-
sodes suggestive of hypoglycaemia (symptoms with no blood
glucose measurement) also occurred less frequently on gli-
clazide MR [34 patients (8·4%) experienced 45 episodes in
total] compared with glimepiride [52 patients (11·8%)
experienced 82 episodes in total].

The occurrence of hypoglycaemic episodes was evenly
distributed during the 27-week study (Fig. 2). No episodes
requiring external assistance or nocturnal symptomatic epi-
sodes occurred. On both drugs, most of the hypoglycaemic
episodes occurred in the late morning (58% between 11:00
and 13:00) and early afternoon (17% between 13:00 and
15:00) (Fig. 3). Hypoglycaemic symptoms led to nine
patients on glimepiride withdrawing from the study vs.

Table 3 Hypoglycaemia with blood glucose level < 3 mmol L−1 in the safety population
 

Gliclazide MR Glimepiride 

Patients exposed (n) n (%) Patients Episodes Patients exposed (n) (%) Patients (n) Episodes

Whole population 403 15 (3·7)* 22† 439 39 (8·9)* 56†

Subgroups
Age

≤ 65 years 264 10 (3·8)* 12 284 25 (8·8)* 39
> 65 years 139 5 (3·6)‡ 10 155 14 (9·0)‡ 17

Creatinine clearance§

> 80 mL min−1 226 10 (4·4)‡ 12 232 13 (5·6)‡ 23
50–80 mL min−1 157 5 (3·2)* 10 182 23 (12·6)* 27
< 50 mL min−1 17 0 (0)‡ 0 25 3 (12·0)‡ 6

Treatment details
Treatment regimen

Monotherapy 133 7 (5·3)‡ 8 156 15 (9·6)‡ 19
Combination therapy

Metformin 229 6 (2·6)* 12 255 22 (8·6)* 35
α-glucosidase inhibitor 41 2 (4·9)‡ 2 28 2 (7·1)‡ 2

Final HbA1c (%)¶

≤ 6·5 97 2 (2·1) 2 114 20 (17·5) 24
6·5–7 91 6 (6·6) 11 108 7 (6·5) 10
7–7·5 81 3 (3·7) 4 80 8 (10·0) 14
7·5–8 48 1 (2·1) 1 50 3 (6·0) 6
> 8 71 3 (4·2) 4 75 0 0

Between-group comparisons: *P ≤ 0·02, †P = 0·007, ‡non-significant, §calculated using the Cockroft formula; the three patients with 
missing creatinine clearance did not experience hypoglycaemia with a blood glucose level < 3 mmol L−1.

¶Data on safety population except for final HbA1c (intention-to-treat population; final HbA1c missing in 15 patients on gliclazide MR 
and 12 patients on glimepiride, one patient reported two hypoglycaemic episodes in the glimepiride group).

Figure 1 Changes in HbA1c (a) and fasting plasma glucose 
(b). Data are means ± SEM. �: gliclazide MR; �: glimepiride. 
non-inferiority test, P < 0·0001.
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one patient on gliclazide MR. Study-treatment dose was
decreased for one patient only, who experienced one episode
with no blood glucose measurement.

The 3 mmol L−1 threshold for BGL complies with the
EMEA recommendation of having a high level of specificity
in the diagnosis of hypoglycaemia in clinical trials. When
considering patients with symptoms and a BGL between 3
and 4 mmol L−1 (hypoglycaemia in clinical practice), there
was also a 50% difference between gliclazide MR and
glimepiride [for gliclazide MR, 31 patients (7·7%) experi-
enced 45 episodes in total; for glimepiride, 63 patients
(14·4%) experienced 108 episodes in total; P = 0·002].

Table 3 displays hypoglycaemia with BGL < 3 mmol L−1

according to age, renal function, concomitant antidiabetic
treatment, and final HbA1c achieved. Among the 75 patients
with baseline HbA1c ≤ 7%, 2·3% and 12·5% of patients in
the gliclazide MR and glimepiride groups, respectively,
experienced hypoglycaemia with BGL < 3 mmol L−1 (data
not shown). In patients > 75 years (23 on gliclazide MR and
30 on glimepiride), 0 and 3 reported hypoglycaemia with
BGL < 3 mmol L−1, respectively. Most episodes occurred
at the lowest treatment doses, 13 and two out of 22 episodes
on 30 mg and 60 mg gliclazide MR, respectively, and 21
and 27 out of 56 episodes on glimepiride 1 and 2 mg. No
hypoglycaemia was observed on glimepiride 6 mg.

At least one adverse event other than hypoglycaemia was
reported in 40·9% and 40·1% of patients in the gliclazide
MR and glimepiride groups, respectively. Fifty-six serious
adverse events occurred: 28 in each group. The most fre-
quent were cardiovascular events at similar frequencies and
judged to be nonrelated to the treatment by the investigator.
There were no significant changes in the biochemical safety
screen. Body weight was stable during the study with mean
changes from 83·1 to 83·6 kg and 83·7 to 84·3 kg on gliclazide
MR and glimepiride, respectively.

Discussion

Significant improvements in blood glucose control were
obtained in this study, with sulphonylureas used as first-line
therapy or in combination with metformin or α-glucosidase
inhibitors. From a mean baseline value of 8·3%, half the
population attained a final HbA1c value less than 7%, and
25% less than 6·5%. Gliclazide MR and glimepiride, used
under identical glucose level target titration, were similarly
effective in improving blood glucose control with early
decreases after 9 weeks of treatment. Sulphonylureas pro-
vide long-lasting improvement in blood glucose control
[20], but this entails a risk of hypoglycaemia. This study
provides detailed data on hypoglycaemia in well-trained
patients performing home blood glucose monitoring on a
regular basis. The confirmation of hypoglycaemic episodes
by capillary blood glucose enhances the value of the data.
The safety of gliclazide MR was significantly better,
demonstrating approximately 50% fewer hypoglycaemic epi-
sodes in comparison with glimepiride. It is worth noting that
the incidence of hypoglycaemia was particularly low in the
gliclazide MR-treated patients whose HbA1c was either
moderately elevated at baseline (≤ 7%) and/or decreased
less than 6·5% on treatment and who were at higher risk
for hypoglycaemia [21]. This shows that gliclazide MR can
be used following current recommendations of aggressive
treatment to obtain HbA1c targets between 6·5% and 7%
[19,22,23]. Data suggest that even mild impairment of

Figure 2 Kaplan–Meier curves for time to appearance of the 
first hypoglycaemia with blood glucose level < 3 mmol L−1. 
––: gliclazide MR; - -: glimepiride. Wilcoxon test, P = 0·004.

Figure 3 Time of occurrence of 
hypoglycaemia with blood glucose 
level < 3 mmol L−1. �: gliclazide MR; 
�: glimepiride.
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renal function increases the incidence of hypoglycaemia on
glimepiride and not on gliclazide MR. This might contribute
to the difference between the drugs considering the high
prevalence of patients with creatinine clearance less than
80 mL min−1.

No episodes of severe hypoglycaemia were reported during
the study in patients carefully trained in the management
of hypoglycaemia. However, in routine practice severe
hypoglycaemia is encountered in patients with type 2 diabetes.
It should be noted that risk factors for severe hypoglycaemia
recorded in a recent survey in acute care units are consistent
with the nonsevere hypoglycaemia in this study, in particular
low HbA1c and renal impairment for glimepiride [21].

The observed difference in hypoglycaemic risk between
the two sulphonylureas may be explained by the pharma-
cokinetic and pharmacodynamic properties of gliclazide
MR and glimepiride. First, the two drugs show different
pharmacokinetic profiles with the occurrence of an active
metabolite eliminated by the kidney for glimepiride [16] and
no circulating active metabolite for gliclazide MR [10],
consistent with the higher incidence of hypoglycaemia in
patients with impaired renal function. Moreover, the course
of the drug concentration profile over time is different, with
a progressive increase in gliclazide plasma concentrations
over 6 h after drug administration [10,24] contrasting with
a broad and sharp increase to maximal concentration for
glimepiride [16,25]. The time to reach peak plasma con-
centration (tmax) of glimepiride, by 2–4 h, is also consistent
with the peak of appearance of hypoglycaemia in the late
morning [16]. The same time of appearance was reported
for severe episodes on glimepiride [21]. Second, these agents
show different binding behaviour to the sulphonylurea
receptor of the pancreatic β cell with a rapidly reversible
interaction for gliclazide [26] and prolonged binding for
glimepiride, with prolonged cell stimulation [27]. Third, the
two drugs induce a different insulin secretion profile. In the
classic model of isolated rat pancreas, perfused with glucose
5 or 8·3 mmol L−1 and exposed to therapeutic concentra-
tions of sulphonylureas, glimepiride produces a prolonged
second phase of insulin secretion [28,29], whereas it returns
more quickly to basal values with gliclazide [30].

In conclusion, using a current therapeutic strategy, gli-
clazide MR and glimepiride have been shown to be effective
alone or in combination with metformin or α-glucosidase
inhibitors, with a better safety profile for gliclazide MR. In
the context of recommended early intensive therapy in type
2 diabetes [3,19,22,23], the availability of a once-daily effec-
tive sulphonylurea with a good safety profile is of relevant
clinical interest.

Acknowledgements

We would like to thank all the investigators of the GUIDE
study.

The National coordinator for Italy was Pr Di Mario,
whose recent death on 16 February 2004 has greatly
saddened us.

This study was supported by a grant from the Institut de
Recherches Internationales Servier, Courbevoie, France.

References

1 Kahn SE. The relative contribution of insulin resistance and 
beta-cell dysfunction to the pathophysiology of type 2 diabetes. 
Diabetes 2003;46:3–19.

2 UK Prospective Diabetes Study (UKPDS) group. Intensive 
blood glucose control with sulphonylureas or insulin compared 
with conventional treatment and risk of complications in 
patients with type 2 diabetes (UKPDS 33). Lancet 
1998;352:837–53.

3 Gaede P, Vedel P, Larsen N, Jensen GVH, Parving HH, 
Pedersen O. Multifactorial intervention and cardiovascular 
disease in patients with type 2 diabetes. N Engl J Med 
2003;348:383–93.

4 Cryer PE, Davis SN, Shamoo H. Hypoglycemia in diabetes. 
Diabetes 2003;26:1902–12.

5 McAulay V, Deary IJ, Ferguson SC, Frier BM. Acute 
hypoglycemia in humans causes attentional dysfunction while 
nonverbal intelligence is preserved. Diabetes Care 
2001;24:1745–50.

6 Smith D, Amiel SA. Hypoglycaemia unawareness and the 
brain. Diabetologia 2002;45:949–58.

7 Frier BM. Hypoglycaemia and cognitive function in diabetes. 
Int J Clin Pract Suppl 2001;123:30–7.

8 Paes AH, Bakker A, Soe-Agnie CJ. Impact of dosage frequency 
on patient compliance. Diabetes Care 1997;20:1512–7.

9 IMS Health, IMS MIDAS (2003). Data for 2003 in a panel of 
15 European countries (Database). Extracted June 2004.

10 McGavin JK, Perry CM, Goa KL. Gliclazide modified release. 
Drugs 2002;62:1357–64.

11 Drouin P, Diamicron® MR Study Group. Diamicron® MR 
once-daily is effective and well tolerated in type 2 diabetes. A 
double-blind, randomized, multinational study. J Diabetes 
Complicat 2000;14:185–91.

12 Schernthaner G. Gliclazide modified release: a critical review 
of pharmacodynamic, metabolic, and vasoprotective effects. 
Metabolism 2003;52:29–34.

13 Jennings AM, Wilson RM, Ward JD. Symptomatic 
hypoglycemia in NIDDM patients treated with oral 
hypoglycemic agents. Diabetes Care 1989;12:203–8.

14 Tessier D, Dawson K, Tétrault JP, Bravo G, Meneilly GS. 
Glibenclamide versus gliclazide in type 2 diabetes of the elderly. 
Diabet Med 1994;11:974–80.

15 Van Staa T, Abenhaim L, Monette J. Pharmacoepidemiology 
report. Rates of hypoglycaemia in users of sulfonylureas. J Clin 
Epidemiol 1997;50:735–41.

16 Langtry HD, Balfour JA. Glimepiride, a review of its use in the 
management of type 2 diabetes mellitus. Drugs 1998;55:563–
84.

17 Dills DG. Clinical evaluation of glimepiride versus glyburide 
in NIDDM in a double-blind comparative study. Horm Metab 
Res 1996;28:426–9.

18 EMEA. Note for guidance on clinical investigation of medicinal 
products in the treatment of diabetes mellitus. London, UK: CPMP/
EWP/1080/00, 2002.

19 Canadian Diabetes Association Clinical Practice Guidelines 
Expert Committee 2003. Clinical practice guidelines for the 
prevention and management of diabetes in Canada. Can J 
Diabetes 2003;27:S1–S140.



542 G. Schernthaner et al.

© 2004 Blackwell Publishing Ltd, European Journal of Clinical Investigation, 34, 535–542

20 Turner RC, Cull CA, Frighi V, Holman RR. Glycemic 
control with diet, sulfonylurea, metformin, or insulin in 
patients with type 2 diabetes mellitus. Progressive requirement 
for multiple therapies (UKPDS 49). JAMA 1999;281:2005–
12.

21 Holstein A, Plaschke A, Hammer C, Egberts EH. 
Characteristics and time course of severe glimepiride- versus 
glibenclamide-induced hypoglycaemia. Eur J Clin Pharmacol 
2003;59:91–7.

22 International Diabetes Federation. A desktop guide to type 2 
diabetes mellitus. European Diabetes Policy Group 1999. 
Diabet Med 1999;6:716–30.

23 American Diabetes Association (ADA). Standards of medical 
care for patients with diabetes mellitus. Diabetes Care 
2004;27:S15–S35.

24 Francillard M, Frey N, Paraire M, Laveille C, Jochemsen R. 
Pharmacokinetics of Diamicron® modified release (MR) in 
1007 type 2 diabetic patients (Abstract). J Nutr Health Aging 
2001;5:A14.

25 Rosenkranz B, Profozic V, Metelko Z, Mrzljak V, Lange C, 
Malerczyk V. Pharmacokinetics and safety of glimepiride at 

clinically effective doses in diabetic patients with renal 
impairment. Diabetologia 1996;39:1617–24.

26 Gribble FM, Ashcroft FM. Differential sensitivity of beta-cell 
and extrapancreatic KATP channels to gliclazide. Diabetologia 
1999;42:845–8.

27 Song DK, Ashcroft FM. Glimepiride block of cloned beta-cell, 
cardiac and smooth muscle KATP channels. Br J Pharmacol 
2001;133:193–9.

28 Gregorio F, Ambrosi F, Cristallini S, Filipponi P, Santeusanio 
F. Effects of glimepiride on insulin and glucagon release from 
isolated rat pancreas at different glucose concentrations. Acta 
Diabetol 1996;33:25–9.

29 Leclercq-Meyer V, Akkan AG, Marchand J, Malaisse WJ. 
Effects of glimepiride and glibenclamide on insulin and 
glucagon secretion by the perfused rat pancreas. Biochem 
Pharmacol 1991;42:1634–7.

30 Gregorio F, Ambrosi F, Cristallini S, Pedetti M, Filipponi P, 
Santeusanio F. Therapeutical concentrations of tolbutamide, 
glibenclamide, gliclazide and gliquidone at different glucose 
levels: in vitro effects on pancreatic A- and B-cell function. 
Diabetes Res Clin Pract 1992;18:197–206.




