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ABSTRACT

Aims/Introduction: To compare first-line, single-agent glimepiride and pioglitazone in Japanese patients with type 2 diabetes
uncontrolled by diet and exercise with respect to glycemic control, safety and metabolic changes.
Materials and Methods: Patients with previously untreated type 2 diabetes were enrolled in a multicenter, randomized, non-blind,
parallel-group trial of glimepiride (0.5–6 mg/day) or pioglitazone (15–45 mg/day) for 6 months.
Results: A total of 191 patients aged 30–75 years were randomized. Similar percentages of patients attained the primary end-point,
with glycated hemoglobin < 6.9% at month 6 with glimepiride and pioglitazone, respectively (61.2 vs 56.8%, P = 0.64). At month 6,
the following significant (P < 0.05) intragroup changes in mean plasma lipid concentrations were noted as compared with baseline:
total cholesterol decreased from 203.5 to 195.5 mg/dL and low-density lipoprotein (LDL)-cholesterol decreased from 124.5 to
116.3 mg/dL in the glimepiride group, whereas high-density lipoprotein (HDL)-cholesterol increased from 51.6 to 56.0 mg/dL and
triglycerides decreased from 167.6 to 143.6 mg/dL in the pioglitazone group. The only symptomatic adverse events were mild-to-
moderate in four patients receiving pioglitazone, and constipation in one patient receiving glimepiride. Similar numbers of patients
experienced asymptomatic hypoglycemia (<60 mg/dL) in the glimepiride and pioglitazone groups (n = 7 and 5, respectively).
Conclusions: There was no statistically significant difference between glimepiride and pioglitazone with respect to glycemic control,
and both agents were well tolerated. Glimepiride significantly lowered total cholesterol and LDL-cholesterol, whereas pioglitazone
increased HDL-cholesterol. This trial was registered with University Hospital Medical Information Network (UMIN), Japan,
UMIN000004582. (J Diabetes Invest, doi: 10.1111/j.2040-1124.2011.00115.x, 2011)
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INTRODUCTION
Consistent with other developed countries, there has been a
steady increase in Japan in the number of patients with diabetes.
According to the 2007 National Health and Nutrition Survey
carried out by the Ministry of Health, Labour and Welfare, the
estimated number of persons in Japan strongly suspected of
having diabetes (includes those on diabetes treatment) increased

to approximately 8.9 million as compared with 6.9 million in
1997 and 7.4 million in 20021.

Sulfonylureas are the most frequently used first-line oral anti-
diabetic drug class in Japan; they are well suited to the predomi-
nant etiology of Japanese diabetic patients; that is, impaired
insulin secretion2. Long-term follow up (10 years) of patients
with type 2 diabetes mellitus enrolled in the United Kingdom
Prospective Diabetes Study (UKPDS) showed that, compared
with dietary therapy alone, those treated with intensive therapy
with either a sulfonylurea or insulin had a significantly reduced
relative risk of microvascular disease (24%, P = 0.001), myo-
cardial infarction (15%, P = 0.01), diabetes-related death (17%,
P = 0.01) or death from any cause (13%, P = 0.007); these bene-
fits were attained despite between-group differences in glycated
hemoglobin (HbA1c) being lost after the first year3. Although
sulfonylureas confer reliable glycemic control, there has been
some concern over the risk of hypoglycemia and weight gain4.
However, the third-generation sulfonylurea, glimepiride, has a
relatively low risk of hypoglycemia5.
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Pioglitazone improves insulin resistance and is the only
approved thiazolidinedione in Japan. It is commonly used as a
first-line treatment for patients with type 2 diabetes mellitus in
Japan. Pioglitazone was expected to reduce cardiovascular event
risk6. However, concern was raised when another thiazolidinedi-
one, rosiglitazone, was shown to significantly increase the risk of
myocardial ischemic events compared with placebo in patients
with type 2 diabetes mellitus7. A meta-analysis of randomized
trials showed that pioglitazone reduced the risk of myocardial
ischemic events, although it increased the risk of serious heart
failure8. In addition to the increase in heart failure, several
adverse events have received attention during treatment with
pioglitazone, including weight gain, edema9 and fracture10.

Various randomized trials have been published that compare
glimepiride and pioglitazone in Western patients with type 2
diabetes mellitus11–15. There also was a randomized study com-
paring glimepiride, pioglitazone and metformin in Japanese
patients with type 2 diabetes mellitus16. Given that the patho-
physiology of diabetes might be different in the Japanese popu-
lation compared with Western populations, further studies are
needed in Japanese patients. We therefore carried out a study
directly comparing the efficacy and safety of first-line therapy
with glimepiride and pioglitazone in drug-naive Japanese
patients with type 2 diabetes mellitus, with glycemic control as
the primary end-point. We also examined other outcome mea-
sures, such as compliance with dietary/exercise therapy and
dosage, bodyweight change, and, in particular, lipid changes.

MATERIALS AND METHODS
Patients
Outpatients of either sex with type 2 diabetes mellitus aged
30–75 years who were committed to a stable dietary and exer-
cise regimen for >1 month before randomization were eligible
for recruitment. HbA1c had to be 6.9 to <10.4% 1 month before
and at randomization, with an absolute HbA1c difference <1%
between these measurements. The value for HbA1c (%) is esti-
mated as a National Glycohemoglobin Standardization Program
(NGSP) equivalent value (%) calculated by the formula HbA1c

(%) = HbA1c (JDS) (%) + 0.4%, considering the relational
expression of HbA1c (JDS) (%) measured by the previous Japa-
nese standard substance and measurement methods and HbA1c

(NGSP)17. Exclusion criteria included: type 1 diabetes mellitus;
use of insulin or any oral hypoglycemic agent (including an
a-glucosidase inhibitor) in the month before randomization;
heart failure or history of heart failure; and any serious intercur-
rent complication involving the heart, kidney, liver, pancreas or
other organs, or hematological condition. All patients had to be
sufficiently competent to give consent to participate in the study,
and capable of reading, understanding and signing the informed
consent form for study participation. The study was approved
by the Ethics Committee of the Japan Association for Diabetes
Education and Care, and was carried out in accordance with the
ethical principles of the Declaration of Helsinki and its subse-
quent amendments.

Study Design
The present study was a multicenter (33 Japanese centers),
randomized, non-blind, parallel-group trial comparing orally
administered single-agent glimepiride or pioglitazone (1:1 ratio)
for 6 months. Randomization was carried out by a central regis-
tration method. Patients continued their stable pre-enrollment
dietary and exercise regimen throughout the study.

According to the original trial protocol, patients could receive
either glimepiride or gliclazide as the sulfonylurea treatment, but
in practice, all selected patients received glimepiride. The starting
dose of glimepiride was 0.5 mg/day for patients with HbA1c ‡ 6.9
to <7.4%, and 1 mg/day for those with HbA1c ‡ 7.4 to <10.4%.
The glimepiride dose could be increased to a maximum of
6 mg/day in order to achieve morning fasting blood glucose of
<120 mg/dL. The starting dose of pioglitazone was 15 mg/day,
which could be increased to a maximum of 45 and 30 mg/day in
men and women, respectively, in order to achieve morning blood
glucose of <120 mg/dL. The dosage of glimepiride or pioglitazone
could be decreased according to the supervising physician’s judg-
ment if morning fasting blood glucose was <80 mg/dL. Drug
doses were titrated according to morning fasting blood glucose
measured at scheduled clinic visits.

Initiation of any anti-diabetic medication (insulin and blood
glucose-lowering drugs) apart from the test drugs and any
antihypertensive or antihyperlipidemic drugs was prohibited
during the study period. Initiation of any other drugs was
discouraged unless absolutely essential, when full details were
recorded. Antihypertensive or antihyperlipidemic drugs that
had been started >3 months before randomization were
allowed, provided the dosage remained unchanged throughout
the study; if dose change was essential, the reason and new
dose were recorded.

Assessments
Full patient medical history and work-up were obtained
1 month before randomization. Patients attended morning
clinical visits at baseline (month 0), at 2 weeks (month 0.5)
and each month thereafter (months 1, 2, 3, 4, 5, 6). A general
clinical examination of the patient was carried out at months 0,
3 and 6.

Fasting morning blood glucose was measured at each visit.
HbA1c was measured at month 0, 3 and 6. Fasting plasma insu-
lin was measured at month 0 and 6. Fasting plasma lipids (total
cholesterol, high-density lipoprotein [HDL]-cholesterol, low-
density lipoprotein [LDL]-cholesterol and triglycerides) were
measured, and bodyweight and blood pressure (BP) were
recorded at months 0, 3 and 6. Fasting plasma brain natriuretic
peptide (BNP) was measured at months 0 and 6. Fasting
plasma insulin and plasma BNP were measured at an indepen-
dent central laboratory, whereas other measurements were car-
ried out according to routine procedures at each participating
center.

Adherence to dietary and exercise therapy was categorized as
‘strictly followed’, ‘sometimes followed’ or ‘not followed’ at each
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monthly visit. Adherence to test diabetic drug therapy was
determined from returned tablet counts as ‘excellent’ (90–100%
compliance), ‘good’ (70–89%), ‘fair’ (50–69%) and poor (<50%).

Adverse events were recorded after indirect questioning and
by clinical observation. Their severity was graded as ‘mild’,
‘moderate’ or ‘severe’, and their potential relationship to treat-
ment was graded as ‘definite’, ‘probable’, ‘possible’ or ‘none’.
Serious adverse events were immediately reported.

End-Points and Statistics
The primary end-point was the percentage of evaluable patients
with HbA1c < 6.9% at the end of the study (month 6) and a
secondary end-point was the change in HbA1c at 6 months
compared with baseline. Other secondary end-points included
changes in fasting plasma glucose, insulin, lipids and BNP, as
well as bodyweight and body mass index (BMI) at month 6
compared with baseline. Safety of study medication was also a
secondary end-point.

Analyses were carried out using the safety population under
the headings ‘study population’ and ‘safety’ in the results,
whereas analyses under the other headings in the results were
carried out using the efficacy population.

Intragroup comparison of data over time vs baseline was ana-
lyzed by paired t-test, whereas intergroup comparisons were
analyzed by one-way analysis of variance (ANOVA) or v2-test. A
two-tailed level of significance was accepted for P-values < 0.05.
Data are generally presented as mean values standard deviation
(SD) or categorical values.

The percentages of patients rated as strictly adherent or some-
times adherent to dietary/exercise therapy and those who had
excellent or good adherence to the study anti-diabetic drug
therapy were calculated for each month. The median (range)

percentages over the 6-month study treatment period were then
calculated.

RESULTS
Study Population
The study was carried out from 1 August 2007 to 28 February
2010. A total of 238 patients were initially screened, of whom 191
were eventually randomized to treatment. Figure 1 shows the dis-
position of the patients during screening, at randomization, and
in the safety and efficacy populations, as well as the reasons for
dropout. The safety population included all patients initially
randomized to glimepiride (n = 95) and pioglitazone (n = 96),
whereas the efficacy population included 86 patients in the glim-
epiride group and 91 patients in the pioglitazone group. The base-
line demographic and clinical characteristics of the patients in the
two groups are shown in Table 1. There were no statistically sig-
nificant differences in baseline characteristics between the groups,
except for mean HDL-cholesterol, which was significantly higher
(59.3 ± 23.0 vs 52.8 ± 13.7 mg/dL, P = 0.024), and triglycerides,
which was significantly lower (129.8 ± 68.4 vs 164.0 ± 112.4
mg/dL, P = 0.014), in the group receiving glimepiride.

Glucose Markers
Similar percentages of patients in the glimepiride and pioglitaz-
one groups attained the primary end-point (HbA1c < 6.9% at
month 6): 61.2% (52/85) vs 56.8% (50/88), respectively
(P = 0.64; Figure 2a). Mean HbA1c was significantly (P < 0.001)
decreased at months 3 and 6 vs baseline in both the glimepiride
and pioglitazone groups (Figure 2b). Mean HbA1c was signifi-
cantly lower in the glimepiride group as compared with those
receiving pioglitazone (6.9 ± 0.7% vs 7.3 ± 1.0%; P = 0.022)
at month 3, but not at month 6 (Figure 2b). There was no

Patient screened
(n = 238)

Patients provisionally registered
(n = 238)

Patients randomized
(n = 191)

Glimepiride group
(n = 95)

Glimepiride group
(n = 86)

Pioglitazone group
(n = 96)

Pioglitazone group
(n = 91)

Safety
population

Efficacy
population

Exclusion criteria (n = 1)
No observation (n = 4)

Faulty randomization (n = 2)
No observation (n = 7)

Not eligible for provisional
registration (n = 5)

Not eligible for final
registration (n = 42)

Figure 1 | Patient disposition.
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significant (P = 0.31) difference between the groups in the
decrease in mean HbA1c at month 6 vs baseline (Figure 2c).

There were no statistically significant differences between the
groups in changes in fasting plasma glucose, fasting insulin,
homeostasis model assessment for b-cell function (HOMA-b)
and homeostasis model assessment for insulin resistance
(HOMA-R) (Figure 3) at month 6 vs baseline. There was a ten-
dency for fasting blood glucose to improve more in the glimepi-
ride group as compared with the pioglitazone group at month 6
vs baseline ()21.2 ± 33.7 vs )12.5 ± 47.7 mg/dL; P = 0.17).

Plasma Lipids
Changes in mean plasma lipid concentrations (total cholesterol,
HDL-cholesterol, LDL-cholesterol and trigylcerides) at month 6
from baseline are shown in Figure 4 for the treatment groups,
which showed significant differences in total cholesterol

Table 1 | Baseline demographic and clinical characteristics of the study
patients

Characteristic Glimepiride (n = 95) Pioglitazone (n = 96)

Sex (male/female) 62/33 65/31
Age (years) 57.7 ± 10.4 (n = 95) 56.8 ± 10.3 (n = 96)
Body weight (kg) 65.6 ± 12.5 (n = 93) 65.5 ± 14.6 (n = 92)
Body mass index

(kg/m2)
24.6 ± 3.8 (n = 93) 24.5 ± 4.3 (n = 92)

Duration of diabetes
(years)

6.0 ± 8.2 (n = 41) 4.1 ± 4.3 (n = 52)

Fasting glucose
(mg/dL)

143.1 ± 39.8 (n = 90) 145.8 ± 45.6 (n = 90)

HbA1c (%) 7.8 ± 0.9 (n = 95) 7.8 ± 0.9 (n = 95)
Fasting insulin

(lU/mL)
8.3 ± 9.4 (n = 95) 8.6 ± 12.2 (n = 94)

HOMA-b 41.7 ± 71.2 (n = 90) 56.9 ± 108.0 (n = 89)
HOMA-R 3.0 ± 4.3 (n = 90) 2.5 ± 2.6 (n = 89)
Total cholesterol

(mg/dL)
207.5 ± 39.1 (n = 81) 205.5 ± 38.2 (n = 87)

LDL-cholesterol
(mg/dL)

126.5 ± 36.5 (n = 79) 123.2 ± 32.6 (n = 79)

HDL-cholesterol
(mg/dL)

59.3 ± 23.0 (n = 90)* 52.8 ± 13.7 (n = 88)*

Triglycerides (mg/dL) 129.8 ± 68.4 (n = 91)† 164.0 ± 112.4 (n = 91)†

Brain natriuretic
peptide (pg/mL)

27.8 ± 88.2 (n = 94) 20.6 ± 39.6 (n = 94)

Data are number of patients (categorized data) or mean ± SD (qualita-
tive data). Qualitative data are missing for some patients in treatment
groups: numbers with available data are shown in parentheses. These
baseline observational data may differ from data used for paired t-test
analyses.
*High-density lipoprotein (HDL)-cholesterol was significantly different
between the groups (P = 0.024).
†Triglycerides were significantly different between the groups
(P = 0.014). HbA1c, glycated hemoglobin; HDL, high-density lipoprotein;
HOMA-b, homeostasis model assessment for b-cell function; HOMA-R,
homeostasis model assessment for insulin resistance; LDL, low-density
lipoprotein.
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Figure 2 | Glycated hemoglobin (HbA1c). (a) Percentage of patients with
HbA1c < 6.9% at 6 months. (b) Change in mean (±SD) HbA1c during
the study. (c) Change in mean (±SD) HbA1c at month 6 vs baseline.
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()11.6 ± 32.4 vs 0.8 ± 32.9 mg/dL, P = 0.022) and HDL-
cholesterol ()3.9 ± 20.7 vs 4.2 ± 8.7 mg/dL, P = 0.0013)
between the glimepiride and pioglitazone groups, respectively.
The changes for LDL-cholesterol ()10.5 ± 30.4 vs )0.7 ± 29.7
mg/dL, P = 0.053) and triglycerides ()5.3 ± 49.8 vs )23.8 ±
74.4 mg/dL, P = 0.063) approached significance comparing
glimepiride and pioglitazone, respectively. At month 6, the
following significant (P < 0.05) intragroup changes in mean
plasma lipid concentrations were noted as compared with
baseline: total cholesterol decreased from 203.5 ± 37.4 to
195.5 ± 36.0 mg/dL (P = 0.036) and LDL-cholesterol decreased
from 124.5 ± 32.8 to 116.3 ± 32.7 mg/dL (P = 0.028) in the
glimepiride group, whereas HDL-cholesterol increased from
51.6 ± 13.1 to 56.0 ± 13.7 mg/dL (P < 0.0001) and triglyceride
decreased from 167.6 ± 120.2 to 143.6 ± 93.8 mg/dL (P =
0.0079) in the pioglitazone group.

Bodyweight and Body Mass Index
There were no statistically significant intergroup differences for
changes in mean bodyweight or BMI at month 6 vs baseline. At
month 6, there were significant intragroup increases in body-
weight (from 65.5 ± 15.1 to 66.2 ± 14.4 kg, P = 0.036) and BMI
(from 24.5 ± 4.5 to 24.9 ± 4.3 kg/m2, P = 0.016) compared with
baseline for patients in the pioglitazone group. The intragroup
changes from baseline to month 6 in the glimepiride group were
not statistically significant for bodyweight (from 66.0 ± 12.0 to
66.4 ± 11.7 kg) and BMI (from 24.6 ± 3.6 to 24.8 ± 3.6 kg/m2).

Brain Natriuretic Peptide
At month 6, the change in mean plasma BNP from baseline
()2.6 ± 37.5 vs 6.0 ± 13.9 mg/dL, P = 0.060) approached signif-
icance comparing glimepiride and pioglitazone, respectively.
There was a significant intragroup increase in mean BNP (from
17.3 ± 14.6 to 23.3 ± 22.1 pg/mL, P = 0.0003) at month 6 com-
pared with baseline in the pioglitazone group, whereas the
change in the glimepiride group was not statistically significant
(from 28.6 ± 93.9 to 26.0 ± 62.7 pg/mL).

Adherence to Dietary, Exercise and Anti-diabetic Therapy
Good adherence (strictly adherent or sometimes adherent) to
dietary therapy was shown by a median of 89.5% (range 88.2–
93.0%) and 91.7% (range 89.3–93.3%) of patients in the glimepi-
ride and pioglitazone groups, respectively. Good adherence to
exercise therapy was shown by a median of 86.0% (range 84.9–
88.4%) and 83.9% (range 82.2–86.5%) of patients in the glimepi-
ride and pioglitazone groups, respectively. Good adherence
(excellent or good) to anti-diabetic medication was shown by a
median of 95.9% (range 93.6–97.7%) and 96.5% (range 96.3–
98.9%) of patients in the glimepiride and pioglitazone groups,
respectively.

Dosage
At month 6, the mean daily drug dosage was 1.51 ± 1.27 mg
(range 0.25–6 mg) in the glimepiride group and 23.24 ±

11.40 mg (range 7.5 to )45 mg) in the pioglitazone group. The
mean daily glimepiride dosage at month 6 was 1.59 ± 1.33 mg
(range 0.25–6 mg) in men and 1.32 ± 1.13 mg (range 0.25–
4 mg) in women. The mean daily pioglitazone dosage at month
6 was 25.04 ± 12.52 (range 7.5–45 mg) in men and
19.40 ± 7.37 (range 7.5–30 mg) in women.

Safety
There were no severe or serious adverse events in either group.
Seven patients in the glimepiride group and five patients in the
pioglitazone group experienced blood glucose concentrations
<60 mg/dL, with no statistically significant difference between
the groups. The only other adverse events possibly related to
treatment were mild or moderate in intensity: four patients with
edema in the pioglitazone group and constipation in one patient
in the glimepiride group.

DISCUSSION
The present study showed that there was no clear difference
between first-line, single-agent glimepiride and pioglitazone
therapy in Japanese patients with type 2 diabetes mellitus with
respect to glycemic control as determined from the primary
end-point, the rate of attaining target HbA1c < 6.9%: 61.2 vs
56.8%, respectively (P = 0.64). However, there was an indication
that the onset of action of glimepiride might be faster than that
of pioglitazone, because the mean HbA1c was significantly lower
in patients receiving glimepiride as compared with those receiv-
ing pioglitazone (6.9 ± 0.7% vs 7.3 ± 1.0%; P = 0.022) at month
3, whereas it was comparable in both groups (�6.9%) at month
6. Previous comparison of glimepiride and pioglitazone in Japa-
nese patients with type 2 diabetes mellitus showed similar
results16. These patients had higher baseline mean HbA1c

(�10%; JDS) and end-point HbA1c at month 12 (�7.8%; JDS)
than the patients in the present study, although the reduction
in mean HbA1c was similar in both treatment groups at end-
point, as in the present study. The authors also noted a slower
decrease in HbA1c with pioglitazone, with maximal reduction
requiring about 6 months. The slower onset of glycemic control
with pioglitazone compared with glimepiride has been reported
elsewhere11,13. We found no statistically significant differences
between pioglitazone and glimepiride in the present study for
changes in fasting blood glucose, fasting insulin, HOMA-b and
HOMA-R at month 6. Other comparative studies of pioglitaz-
one and glimepiride have shown significant reductions in fast-
ing blood glucose and insulin, associated with significant
decreases in insulin resistance, with pioglitazone, but not with
glimepiride11,12. Possible reasons for these inconsistent results
might be related to the study duration or the patient back-
ground. The study duration in the trial by Tan et al.11 was
52 weeks, which is longer than the present study. The trial by
Langenfeld et al.12, which primarily assessed the decrease of
carotid intima-media thickness, enrolled more obese subjects
(mean BMI 31.8 kg/m2) than the present trial (mean BMI
24.6 kg/m2). Further studies that set the reduction of insulin
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resistance as the primary end-point are warranted to resolve
this possible inconsistency.

With respect to plasma lipid profile, the present study showed
that glimepiride significantly decreased total cholesterol and
LDL-cholesterol, which is consistent with other studies of
Asian18,19 or Western12,13 patients. Reports on the effect of
glimepiride on HDL-cholesterol in Japanese or Chinese patients
have been less consistent, showing either no effect4,16 or a signif-
icant increase18. In the present study, glimepiride showed a
trend towards decreasing HDL-cholesterol, but this did not
reach statistical significance. However, the changes of HDL-
cholesterol levels in the glimepiride group were within normal
ranges, which suggest that these changes might not be clinically
relevant. A possible reason for HDL-cholesterol not increasing
in the glimepiride group might be that baseline HDL-cholesterol
levels were higher than those of the pioglitazone group. Pioglit-
azone showed a significant increase in HDL-cholesterol in the
present study, which has been the only consistent effect on
plasma lipids shown in other studies of pioglitazone in
Japanese20 or Western12,14,15 patients. Glimepiride has been
shown to exert a prophylactic effect on atherosclerosis in
cholesterol-fed rabbits21. Glimepiride has also been shown to
normalize the adverse serum and hepatic lipid profile
induced by a simulated Western-like diet in rats, possibly as a
result of decreasing very low-density lipoprotein synthesis and
increasing LDL catabolism through insulin secretion22. Research
to elucidate the molecular biological mechanism involved is
awaited.

The adherence to diet and exercise regimens was good in the
present study, which probably contributed to some degree to
the good maintenance of glycemic control and bodyweight. In
fact, bodyweight and BMI did not change significantly in the
group receiving glimepiride, whereas some concern was raised
about possible bodyweight gain during glimepiride therapy in a
previous Japanese study4. A German study in a general practice
setting has shown a BMI-dependent reduction in bodyweight in
patients on glimepiride therapy23. There was, however, a statisti-
cally significant, but relatively minor, increase in bodyweight
and BMI in the group receiving pioglitazone. One of the possi-
ble reasons for the lack of marked weight gain in each group is
that the patients adhered well to the dietary and exercise therapy
prescribed by the doctors.

Both glimepiride and pioglitazone were well tolerated in the
present study. No severe or serious adverse events were
reported. The only symptomatic adverse events possibly related
to treatment were mild or moderate in intensity and were lim-
ited to edema in the pioglitazone group (n = 4) and constipa-
tion in the glimepiride group (n = 1). Similar numbers of
patients experienced asymptomatic hypoglycemia (<60 mg/dL)
in the glimepiride and pioglitazone groups (n = 7 and 5,
respectively).

There were several limitations to the present study, includ-
ing the relatively small sample size, which limited the power
to detect potential differences between the study treatments.

Furthermore, it was essentially an open-label (non-blind)
design with the drugs being administered as commercially
available drugs. This might have led to an overestimation of
adverse events, as both the patients and investigators could
have been aware of the known adverse events of the study
medications. In addition to adverse events, effectiveness might
have been biased as a result of non-blindness, although the
primary end-point measurement, HbA1c, is an objective
assessment of efficacy unlikely to be affected by subjective
bias. In addition, the study background was essentially a real-
life situation, in which patients were treated according to nor-
mal clinical practice. However, it is possible that dose titration
of the study medications might have been insufficient. In fact,
the mean daily dose of glimepiride (1.5 mg) at month 6
would appear to be somewhat lower than we would have
expected. It is possible that the present study included a
higher proportion of patients with milder disease, although a
more probable reason for the relatively lower dose might be
a result of the background of our patients, who attained com-
paratively good blood glucose control which, in turn, was
related to their excellent adherence to dietary and exercise
therapy.

In conclusion, we found that there was no statistically signifi-
cant difference between glimepiride and pioglitazone with
respect to glycemic control as shown by the rate of attaining tar-
get HbA1c < 6.9%. Both of these anti-diabetic agents were simi-
larly well tolerated. Weight gain and increased insulin resistance,
which have been considered a concern with sulfonylurea ther-
apy, were not observed in the present study. Glimepiride signifi-
cantly lowered total cholesterol and LDL-cholesterol, whereas
pioglitazone increased HDL-cholesterol, which is consistent with
previous reports. Based on these findings, it is recommended
that when selecting first-line, single-agent drug therapy for
patients with type 2 diabetes mellitus, the individual status of
the patients, including their adherence to dietary/exercise ther-
apy, dose required, bodyweight, serum lipid profile and general
condition, is considered.

ACKNOWLEDGEMENTS
The present study was carried out as one of the research and
survey projects of the Japan Association for Diabetes Education
and Care. The study was funded by a grant from Sanofi Aventis.
In addition to the authors listed at the beginning of this paper,
the following investigators were involved in patient recruitment
and monitoring: Aki Okamoto, Akira Kubota, Hideo Kurayama,
Hiroaki Seino, Hiroshi Fukui, Hiroyuki Kuroki, Hiroyuki
Tajima, Toshiki Matsubara, Junko Ito, Kazunari Ozaki, Koji
Sakai, Makoto Hattori, Manji Noba, Masahiro Fukuda,
Masahiro Kamegai, Masahiro Sugawara, Masako Fukui, Mikio
Sakurada, Nobuo Takahashi, Noriki Mori, Osamu Taniguchi,
Osamu Yasuda, Park Hyohun, Sachihiko Ozawa, Sekiya Sakae,
Shigeki Moritani, Shinobu Kasakawa, Syuji Nakata, Tadasu
Kasahara, Taku Tsunekawa, Toshio Kobayashi, Tsunehisa
Okazaki, Yasuaki Okumura and Yoshihisa Mizuno.

ª 2011 Asian Association for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd Journal of Diabetes Investigation Volume 2 Issue 5 October 2011 397

Glimepiride vs pioglitazone



REFERENCES
1. National Institute of Health and Nutrition. Outline for the

results of the National Health and Nutrition Survey Japan,
2007. Available at: http://www.nih.go.jp/eiken/english/
research/pdf/nhns2007.pdf [accessed on 2 August 2010].

2. Kanatsuka A, Kawai K, Hirao K, et al. Research on antihyper-
glycemic therapies in patients with type 2 diabetes mellitus
in Japan (I): drug therapies and actual drug use. J Jpn Diabe-
tes Soc 2006; 49: 409–415 (Japanese).

3. Holman RR, Paul SK, Bethel MA, et al. 10-year follow-up of
intensive glucose control in type 2 diabetes. N Engl J Med
2008; 359: 1577–1589.

4. Toyota T, Satoh J, Fukao A, et al. Clinical evaluation of glim-
epiride (HOE490) in non-insulin-dependent diabetes mellitus
– a double-blind placebo-controlled study/phase III addi-
tional study. J Clin Ther Med 1997; 13: 157–158 (Japanese).

5. Draeger KE, Wernicke-Panten K, Lomp H-J, et al. Long-term
treatment of type 2 diabetic patients with the new oral anti-
diabetic agent glimepiride (Amaryl): a double-blind compari-
son with glibenclamide. Horm Metab Res 1996; 28: 419–425.

6. Dormandy JA, Charbonnel B, Eckland DJA, et al; on behalf of
the PROactive investigators. Secondary prevention of macro-
vascular events in patients with type 2 diabetes in the
PROactive Study (PROspective pioglitAzone Clinical Trial In
macroVascular Events): a randomised controlled trial. Lancet
2005; 366: 1279–1289.

7. Nissen SE, Wolski K. Effect of rosiglitazone on the risk of
myocardial infarction and death from cardiovascular causes.
N Engl J Med 2007; 356: 2457–2471.

8. Lincoff AM, Wolski K, Nicholls SJ, et al. Pioglitazone and risk
of cardiovascular events in patients with type 2 diabetes
mellitus: a meta-analysis of randomized trials. JAMA 2007;
298: 1180–1188.

9. Kawamori R, Kadowaki T, Onji M, et al. Hepatic safety profile
and glycaemia control of pioglitazone in more than 20,000
patients with type 2 diabetes mellitus: postmarketing
surveillance study in Japan. Diabetes Res Clin Pract 2007; 76:
229–235.

10. Loke YK, Singh S, Furnberg CD. Long-term use of thiazolidin-
ediones and fractures in type 2 diabetes: a meta-analysis.
CMAJ 2009; 180: 32–39.

11. Tan M, Johns D, González Gálvez G, et al; on behalf of the
GLAD Study Group. Effects of pioglitazone and glimepiride
on glycemic control and insulin sensitivity in Mexican
patients with type 2 diabetes mellitus: a multicenter, ran-
domized, double-blind, parallel-group trial. Clin Ther 2004; 26:
680–693.

12. Langenfeld MR, Forst T, Hohberg C, et al. Pioglitazone
decreases carotid intima-media thickness independently of

glycemic control in patients with type 2 diabetes mellitus:
results from a controlled randomized study. Circulation 2005;
111: 2525–2531.

13. Umpierrez G, Issa M, Vlajnic A. Glimepiride versus pioglitaz-
one combination therapy in subjects with type 2 diabetes
inadequately controlled on metformin monotherapy: results
of a randomized clinical trial. Curr Med Res Opin 2006; 22:
751–759.

14. Mazzone T, Meyer PM, Feinstein SB, et al. Effect of pioglitaz-
one compared with glimepiride on carotid intima-media
thickness in type 2 diabetes: a randomized trial. JAMA 2006;
296: 2572–2581.

15. Nissen SE, Nichols SJ, Wolski K, et al; for the PERISCOPE Inves-
tigators. Comparison of pioglitazone vs glimepiride on pro-
gression of coronary atherosclerosis in patients with type 2
diabetes: the PERISCOPE randomized controlled trial. JAMA
2008; 299: 1561–1573.

16. Yamanouchi T, Sakai T, Igarashi K, et al. Comparison of meta-
bolic effects of pioglitazone, metformin, and glimepiride over
1 year in Japanese patients with newly diagnosed Type 2
diabetes. Diabet Med 2005; 22: 980–985.

17. Seino Y, Nanjo K, Tajima N, et al. Report of the committee
on the classification and diagnostic criteria of diabetes
mellitus. J Diabetes Invest 2010; 1: 212–228.

18. Araki T, Emoto M, Konishi T, et al. Glimepiride increases
high-density lipoprotein cholesterol via increasing adiponec-
tin levels in type 2 diabetes mellitus. Metabolism 2009; 58:
143–148.

19. Xu D-Y, Zhao S-P, Huang Q-X, et al. Effects of glimepiride
on metabolic parameters and cardiovascular risk factors in
patients with newly diagnosed type 2 diabetes mellitus.
Diabetes Res Clin Pract 2010; 88: 71–75.

20. Kaneko T, Baba S, Toyota T. Clinical evaluation of an insulin-
resistance improving agent, AD-4833, in patients with non-
insulin dependent diabetes mellitus (NIDDM) on diet therapy
alone. A placebo controlled double blind clinical study. Jpn J
Clin Exp Med 1997; 74: 1515–1539 (Japanese).

21. Shakuto S, Oshima K, Tsuchiya E. Glimepiride exhibits pro-
phylactic effect on atherosclerosis in cholesterol-fed rabbits.
Atherosclerosis 2005; 182: 209–217.

22. Schaalan M, El-Abhar HS, Barakat M, et al. Westernized-like-
diet-fed rats: effect on glucose homeostasis, lipid profile,
and adipocyte hormones and their modulation by rosiglit-
azone and glimepiride. J Diabetes Complications 2009; 23:
199–208.

23. Scholz GH, Schneider K, Knirsch W, et al. Efficacy and tolera-
bility of glimepiride in daily practice: a non-interventional
observational cohort study. Clin Drug Invest 2001; 21: 597–
604.

398 Journal of Diabetes Investigation Volume 2 Issue 5 October 2011 ª 2011 Asian Association for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd

Shihara et al.


