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Dong Seop Choi Materials and Methods: In a randomized, open label, parallel group, multicenter

Tel: +82-2-920-5421 study, 209 Korean type 2 diabetic patients (HbAlc 7.0-10.0%, on metformin 500—
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E-mail address: cdongs@kumcorkr 1,000 mg/day) received glimepiride/metformin fixed-dose combination (G/M FDC) or met-

formin uptitration treatment (Met UP). The primary end-point was the change in HbAlc
from baseline to week 24.

Results: G/M FDC therapy provided significantly greater adjusted mean decreases vs
doi: 10.1111/jdi.12201 Met UP therapy in HbAlc (=1.2 vs =0.8%, P < 0.0001), and fasting plasma glucose (—35.7
vs —186 mg/dL, P < 0.0001). A significantly greater proportion of patients with G/M FDC
therapy achieved HbAlc <7% (74.7 vs 466%, P < 0.0001) at the end of the study. More
patients experienced hypoglycemia with G/M FDC therapy compared with Met UP ther-
apy (41 vs 56%, P < 00001), but there was no serious hypoglycemia in any group. A
modest increase in mean bodyweight occurred in the patients who were treated with
G/M FDC therapy (1.0 kg), whereas a slight decrease was observed in the patients who
were treated with Met UP therapy (0.7 kg).

Conclusion: The present study showed that glimepiride/metformin fixed-dose
combination therapy was more effective in glycemic control than metformin uptitration,
and was well tolerated in type 2 diabetic patients inadequately controlled by low-dose
metformin monotherapy in Korea. This trial was registered with ClinicalTrial.gov

(no. NCT00612144).
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INTRODUCTION

Type 2 diabetes mellitus is one of the most common metabolic
diseases, with its prevalence increasing worldwide. The patho-
physiology of this disease is characterized by defective insulin
secretion and increased insulin resistance. The importance of
blood glucose control was shown in the UK Prospective Diabe-
tes Study (UKPDS), showing that early intensive blood glucose
control from the time of diagnosis of diabetes mellitus reduced
micro- and macrovascular complications, as well as mortality' .
Oral hypoglycemic drugs with various mechanisms, such as
enhancing the pancreatic function to secrete insulin, reducing
insulin resistance of the body tissues or increasing glucagon-like
peptide-1, have been developed and are currently in use. How-
ever, monotherapy of a glucose-lowering agent shows an
increasing failure of blood glucose control over time, eventu-
ally requiring a number of antidiabetic medications in combi-
nation or insulin®, Of the medication mentioned, combination
therapy using sulfonylurea and metformin, which respectively
promotes insulin secretion and improves insulin resistance, is
an effective and complementary method that improves both
of the main causes of type 2 diabetes, and has been reported
by UKPDS and other clinical studies to be more effective
than monotherapy of both drugs>®.

Unlike in Western countries, type 2 diabetes in Asia is char-
acterized by onset at a relatively young age without obesity. The
risk of type 2 diabetes starts at a lower body mass index for
Asians than for Europeans. Also, it has been reported that insu-
lin secretory impairment might be induced by insufficient B-cell
mass, functional defects of B-cells, or both’. To reflect such
pathophysiological differences between Asians and Caucasians
and individual differences, the Korean Diabetes Association rec-
ommends using not only metformin as the primary drug, but
also using all possible medication according to patient charac-
teristics®. According to a clinical trial that compared glimepiride,
metformin and rosiglitazone monotherapy in 349 Korean
patients with type 2 diabetes, the blood glucose lowering effect
was not significantly different among the three drugs, and a suf-
ficient glucose-lowering effect was observed at half-maximal
dose’. Therefore, it seems advisable to use combination therapy
with a complementary mechanism rather than increasing to the
maximal dose in type 2 diabetes patients inadequately con-
trolled by monotherapy’. For this reason, sulfonylurea is the
most commonly used primary drug or secondary add-on drug
when glycemic goal is not achieved by using metformin mono-
therapy, especially in Asian countries and also many other
countries.

Considering the compliance and cost-effectiveness, the use of
a fixed-dose combination pill of sulfonylurea and metformin has
recently increased. Using a fixed-dose combination pill can
improve patient compliance compared with taking multiple
pills’, and is expected to minimize the side-effects caused by
high-dose monotherapy while effectively controlling blood glu-
cose level. There was no study comparing the use of a fixed-dose

http://onlinelibrary.wiley.com/journal/jdi

combination pill of sulfonylurea and metformin and metformin
monotherapy uptitration at an early stage in Korean type 2 dia-
betes patients inadequately controlled by low-dose metformin
monotherapy.

The purpose of the present study was to compare the effi-
cacy and safety of glimepiride/metformin fixed-dose combina-
tion (G/M FDC) and metformin uptitration (Met UP) in
type 2 diabetes patients who had failed to achieve glycemic goal
with low-dose metformin monotherapy.

MATERIALS AND METHODS

Participants

The participants of the present trial were patients with type 2
diabetes mellitus diagnosed at least 3 months before enrolment
as having glycated hemoglobin (HbAlc) levels between 7 and
10%, and who had been treated with metformin 500-1,000 mg
alone for at least 4 weeks. Female patients with childbearing
potential had to have negative results of their serum human
chorionic gonadotropin tests. All patients signed informed con-
sent forms before their participation in the trial. Of these eligi-
ble patients, only those who were capable of and willing to
complete subject diaries to record self-monitored blood glucose
(SMBG) levels were selected for the present study. Patients who
had acute complications, such as diabetic ketoacidosis or hyper-
glycemic hyperosmolar state, within 3 months, or those who
had clinically significant renal or hepatic disorders were
excluded from the study.

Study Design and Protocol

In this multicenter, randomized, parallel group and open
labeled clinical study, participants were registered from Decem-
ber 2007 to May 2009 in ten institutions. The study period was
13 weeks at a minimum and 26 weeks at a maximum, consist-
ing of a screening period (1-2 weeks), titration period (2—
14 weeks) and maintenance period (10 weeks). Participants
who met the inclusion and exclusion criteria were randomly
assigned to the G/M FDC group (initial dosage 1/250 mg
b.id.) or Met UP group (initial dosage 500 mg b.i.d.). During
the titration period consisting of biweekly follow-up schedules,
participants were considered to be administrated with dose
titration on every visit. For dose titration, SMBG levels were
measured for 7 days before the next scheduled visit. The aver-
age SMBG level was calculated from six measured SMBG levels
closest to the next scheduled visit, three measured before having
breakfast and three measured before dinner. According to the
titration algorithm (Figure 1), the treatments were titrated
based on the average SMBG level and hypoglycemia. When the
previous dose was maintained or a patient underwent the maxi-
mum titration period of 14 weeks, the maintenance period
started without any further dose titration. The study drugs
dispensed at each follow-up visit ranged from level-1 (G/M
FDC group 1/250 mg/day, Met UP group 750 mg/day) to
level 6 (G/M FDC group 8/2,000 mg/day, Met UP group
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Figure 1 | Titration algorithm. G/M, glimepiride/metformin; M, metformin; SMBG, self-monitored blood glucose.

2,500 mg/day), and were to be taken with daily breakfast and
dinner meals. All participants were instructed to stay on a regu-
lar diet and exercise, and were encouraged to keep at least 80%
compliance.

The study protocol and amendments were approved by an
independent ethics committee or institutional review board at
each participating site. All participants provided written
informed consent. The study was carried out in accordance
with ethical principles based on the Declaration of Helsinki.

Study Measurements

The primary efficacy end-point was the change in HbAlc from
baseline to the study end (minimum 12 weeks, maximum
24 weeks). Secondary efficacy end-points included changes in
fasting plasma glucose (FPG) and postprandial glucose (PPG)
from baseline to the study end, and the rate of response to
HbAlc and FPG at the study end. Response rate was defined
as the proportion of patients with each HbAlc <7% and
FPG <140 mg/dL.

For safety evaluation, a physical examination including height
and weight was carried out at baseline and the end of the
study, and vital signs, adverse events and hypoglycemia were
checked at each visit. In addition, a hematological examination,
blood chemistry test and urine test were carried out.

Symptomatic hypoglycemia was defined as signs and symp-
toms consistent with hypoglycemia with or without docu-
mented glucose measurement. When the blood glucose level
measured by SMBG was <60 mg/dL, it was counted as hypo-
glycemia with or without hypoglycemic signs and symptoms at
the investigator’s discretion. To confirm hypoglycemia, all par-
ticipants were trained to carry out SMBG to check and docu-
ment their blood glucose level every time they had

hypoglycemia signs or symptoms.

Statistical Analysis

Efficacy outcomes were analyzed on the intent-to-treat (ITT)
population defined as all randomized patients who had received
at least one dose of study medication, and had a baseline effi-
cacy data and at least one post-baseline efficacy data. Missing
data were handled using the last observation carried forward
methodology. Treatment groups were compared using an
analysis of covariance (ancova) model with baseline value as a
covariate. The response rate was carried out on the ITT popu-
lation, and the treatment groups were compared using the
Cochran—Mantel-Haenszel test.

Safety was analyzed using the safety population composed of
all randomized patients who had at least one dose of study
medication. Between-group differences in the incidence of
adverse events (AE) were analyzed by Fisher’s exact test, and in
the incidence of hypoglycemia were analyzed by the Cochran—
Mantel-Haenszel test.

RESULTS
Patient Disposition and Baseline Characteristics
The patient disposition is shown in Figure 2. A total of 265
patients enrolled. Of these, 209 type 2 diabetes patients were
randomly assigned to the G/M FDC group (101 participants)
and Met UP group (108 participants). Among them, 189
patients completed the present study. Six participants in the G/
M FDC group were withdrawn, and the main cause was hypo-
glycemia (three participants). A total of 14 participants in the
Met UP group were withdrawn, and the main causes were
adverse events, protocol violation, lack of efficacy and failure to
follow up.

For efficacy evaluation, the ITT population of 99 participants
from the G/M FDC group and 103 participants from the Met
Up group were included. For safety evaluation, 100 participants
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265 Enrolled
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41 Eligibility criteria not met

209 Randomized

A 4

13 Withdrew consent
1 Inverstigator’s discretion
SAEt

!

101 assigned to
Glimerpiride/Metformin
fixed-dose combination

}

108 assigned to
Metformin up-titration

»| 6 Withdrew from trial

1 SAE+

1 Protocol violation

1 Investigstor's discretion
3 Hypoglycemia

A4

95 completed

14 Withdrew from trial

3 Protocol violation

1 Investigator’s discretion
3 Adverse event

3 Failure to follow up

3 Lack of efficacy

1 Withdrew consent

A4

94 completed

Figure 2 | Patients' disposition. tOcclusion and stenosis of carotid artery. +Death; the cause of death was car accident. None of the serious adverse

events (SAEs) were considered by the investigator to be treatment related.

from the G/M FDC and 108 participants from the Met UP
group were included.

There was no statistically significant difference in the demo-
graphic data between the two groups (Table 1).

The average daily dose of the medications were 2.5 mg/
627 mg for the G/M FDC group and 1313.1 mg for the Met
UP group. The titration period was longer in the Met UP
group with 95.7 + 29.6 days than the G/M FDC group with
88.4 + 16.9 days.

Table 1 | Baseline characteristics of the participants

G/M FDC Met UP

(n=101) (n=108)
Age (years) 552 + 84 56.1 £ 96
Male/female (%) 515/485 472/528
Weight (kg) 665 + 106 669 % 12.1
Height (cm) 1614 £ 9.1 1610+ 93
BMI (kg/m?) 255 % 35 257 + 32
HbA1c (%) 79+ 08 78+ 07

Median duration of
diabetes (years)

Age at onset of
diabetes (years)

30 (range 00-210) 30 (range 0.0-30.0)

512 £85 518 £ 87

All values are mean + standard deviation except where indicated. BM,
body mass index; G/M FDC, glimepiride/metformin fixed-dose combina-
tion; HbA1¢, glycated hemoglobin; Met Up, metformin uptitration treat-
ment.

Primary Efficacy Variable

The HbAlc levels at the baseline visit presented no significant
difference between the two groups; 7.9% in the G/M FDC
group and 7.8% in the Met UP group. At the end of the study,
the final HbAlc levels were 6.6% in the G/M FDC group and
7.0% in the Met UP group, and the adjusted mean difference
between groups was 0.4% with statistical significance
(P < 0.0001; Table 2). Additional analysis of the subgroup who
had HbAlc > 8% at the baseline showed that the adjusted
mean changes in the G/M FDC group and Met UP group were
—1.8 and —1.3%, respectively.

Secondary Efficacy Variables

The mean changes of fasting plasma glucose were —35.7 mg/dL
(from 156.7 to 117.3 mg/dL) in the G/M FDC group, and
—18.6 mg/dL (from 148.1 to 133.0 mg/dL) in the Met UP
group. The adjusted mean difference between the two groups
was —17.1 mg/dL with statistical significance (P < 0.0001;
Table 2).

The 2-h postprandial blood glucose level was changed from
233.6 to 180.9 mg/dL in the G/M FDC group with a mean
decrease of 50.6 mg/dL. In the Met UP group, the level was
changed from 228.0 to 187.4 mg/dL with a mean decrease of
425 mg/dL. The adjusted mean difference of the two groups
was 8.1 mg/dL (P = 0.2681; Table 2).

The response rate achieving HbAlc < 7.0% was significantly
higher in the G/M FDC group, being 74.7%, than in the
Met Up group, being 46.6% (P < 0.0001). Additionally, the
response rate calculated by the percentage of patients achieving
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Table 2 | Adjusted mean changes in glycated hemoglobin, fasting plasma glucose and 2-h postprandial plasma glucose

Group n Baseline End of study Adjusted mean change Change G/M FDC vs P-value
Mean £ SD Mean £ SD from baseline (95% Cl) Met UP (95% Cl)

HbATc (%)
G/M FDC 9 79+ 08 66+ 07 -12 (=13 to-1.1) —04 (06 to —03) <0.0001
Met UP 103 78+ 07 70+ 07 —08 (09 to —-06)

FPG (mg/dL)
G/M FDC 98 156.7 + 332 1173+ 210 —35.7 (-39.7 to -31.7) =171 (<228 to —11.5) <0.0001
Met UP 103 1481 + 269 1330+ 203 —186 (=225 to —14.6)

PPG (mg/dL)
G/M FDC 97 2336+ 667 1809 £ 57.3 —506 (608 to —40.3) —81 (224 10 63) 0.2681
Met UP 102 2280 = 690 1874 + 521 —425 (=525 to —32.5)

Cl, confidence interval; G/M FDC, glimepiride/metformin fixed-dose combination; Met Up, metformin uptitration treatment; SD, standard deviation.

end-point FPG <140 mg/dL was significantly higher in the G/
M FDC group compared with the Met UP group (84.7 vs
65.1%; P = 0.0013).

Safety and Tolerability Profile

Treatments were generally well tolerated in both groups during
the trial. One or more AEs were reported by a similar percent-
age of patients in each treatment group, and there was no sig-
nificant difference between the rate of events (P = 0.7678). The
highest rate of AEs occurred from the gastrointestinal tract
being 10.1%, followed by infection (9.6%), without difference
between the two groups. Serious adverse events (SAEs)
occurred in four participants; one participant from the G/M
FDC group and three participants from the Met UP group. All
SAEs were evaluated to be unrelated to the study drugs.

A total of 100 cases of hypoglycemic events occurred in 41
patients from the G/M FDC group, and six cases occurred in
six patients from the Met UP group. Overall, hypoglycemic
events occurred significantly more frequently in the G/M FDC
group. However, severe hypoglycemia was not observed in any
of the groups. Analysis of hypoglycemia for which SMBG was
available showed that only one patient of the G/M FDC group
had a blood glucose level below 50 mg/dL (Table 3).

Bodyweight was increased by 1.0 kg in the G/M FDC group
and decreased by 0.7 kg in the Met UP group with a statisti-
cally significant difference (P < 0.0001).

DISCUSSION

In the present study, the HbAlc lowering effect was statistically
superior in the G/M FDC group compared with the Met UP
group in Korean type 2 diabetes patients who had failed blood
glucose control by low-dose metformin monotherapy. The
response rate, defined as the ratio of patients achieving each
HbAlc <7% and FPG <140 mg/dL, was significantly higher in
the G/M FDC group and also, the titration period was shorter
in the G/M FDC group than the Met UP group. Even though
the uptitration dosage was not escalated in equal potency
between the groups (G/M FDC group 2/500 mg vs Met UP
group 500 mg, and G/M FDC group 1/250 mg vs Met UP

group 250 mg), the present study was to prove the efficacy and
safety of early combination therapy with complimentary drugs,
and it was shown that the G/M FDC group could reduce the
dosage of each composition and shorten the titration period to
reach the significant response rate. These results suggest that
early combination therapy with glimepiride and metformin
could provide the benefit of a legacy effect through earlier glu-

Table 3 | Summary of clinical adverse events and hypoglycemia

G/M FDC Met UP
(n = 100) (n = 108)
AEs*, n (%)
>1 AE 34 (34.0) 34 (31.5)
>1 possibly drug-related AEs 5(50) 8 (74)
>1 Serious AEs 1(1.0) 328
Discontinuations due to AEs 0 328
AEs > 2% in either treatment groups, n (%)
Abdominal pain upper 4 (4.0) 109
Diarrhea 1(1.0) 5 (4.6)
Chest pain 2 (20 219
Nasopharyngitis 7 (7.0) 5 (4.6)
Upper respiratory tract infection 0 5 (46)
Headache 330 0
Hypoglycemia, n (%)/event
Any hypoglycemia 41 (41.0)/100 6 (5.6)/6
Titration period 19 (190)/31 328)/3
Maintenance period 29 (29.0)/68 2(19)/2
Symptomatic hypoglycemia 39 (39.0)/96 4 (3.7)/4
Nocturnal hypoglycemia 2 (20)/2 0/0
Severe hypoglycemia 0/0 0/0
Hypoglycemia checked with SMBG, no. events (%)
Hypoglycemia checked with SMBG 81 (100) 4 (100)
<50 mg/dL 1(1.2) 0 (00
50-60 mg/dL 9 (11.1) 1 (25.0)
60—70 mg/dL 24 (296) 1 (250
>70 mg/dL 47 (580) 2 (500)

*Adverse events (AEs) excluding hypoglycemia. G/M FDC, glimepiride/
metformin fixed-dose combination; Met Up, metformin uptitration treat-
ment, SMBG, self-monitored blood glucose.
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cose control, avoiding negative glycemic memory related to
micro- and macro-vascular complications. In contrast, we
expected more mean FPG decrease in the Met UP group than
in the G/M FDC group considering their average daily metfor-
min dose. However, significant superiority was observed in the
G/M FDC group. The effect of glimepiride on FPG can be
explained by direct and indirect inhibition of hepatic glucose
production through an increase in insulin secretion''. In PPG
evaluation, the G/M FDC group failed to prove its efficacy over
the Met UP group with statistical significance, but the trend of
greater reduction was also detected.

As found in the present study, insulin secretagogue enables
an efficient control of blood glucose in Korean type 2 diabetic
patients who develop type 2 diabetes mainly as a result of insu-
lin secretory impairment. A study carried out by Fukushima
et al'? showed similar results. The authors concluded that Jap-
anese type 2 diabetic patients are characterized by a larger
decrease in insulin secretion and show less attribution of insulin
resistance'”. Other studies on type 2 diabetes patients in Asia
also showed that insulin secretion is the sole or more important
factor in pathogenesis of diabetes in type 2 diabetes patients
who are not obese or without Metabolic Syndrome' °.
Patients with impaired glucose tolerance and even patients with
normal glucose tolerance showed a decrease in insulin secretion
of B-cells"'®. Such impaired insulin secretion is explained by
smaller B-cell size or functional defect in Asians'*'®"”. Also, in
the case of normal glucose tolerance and type 2 diabetes
patients, B-cell mass has a high linear correlation with body
mass index'®. The studies showed that a decrease in insulin
secretion during the early stage of diabetes played an important
role in the pathogenesis of type 2 diabetes patients in Korea
and other Asian countries, and they provided the basis for
effective glucose control by using sulfonylurea, which stimulates
insulin secretion, at an early stage of diabetes.

Glimepiride and metformin are the most common and
widely used oral hypoglycemic agents in the world. Metformin
improves insulin resistance, and is recommended as the first
choice medication for newly diagnosed type 2 diabetes patients
by most guidelines. Glimepiride is a third generation sulfonyl-
urea that stimulates insulin secretion. Unlike conventional
sulfonylurea, glimepiride has high selectivity toward the
pancreatic ATP-sensitive potassium channel'®, increases glucose
transport, and shows various extrapancreatic effects in muscle
and fat cells®. For these benefits, glimepiride is prescribed as a
primary monotherapy or additional medication when metfor-
min monotherapy has failed®'. Most existing studies have been
carried out for patients who have failed blood glucose control,
even when using metformin at the maximum dose or higher.
The combination therapy with metformin and glimepiride
showed superior efficacy than metformin or glimepiride
monotherapy in type 2 diabetes patients who had failed glucose
control with metformin 2,550 mg**. However, metformin
shows a dose-dependent blood glucose lowering effect only up
to 1,500 mg, and the dose above that shows no significant

http://onlinelibrary.wiley.com/journal/jdi

additional response’**. Considering the importance of the
insulin secretory function in Korean type 2 diabetes patients,
the importance of early intensive glucose control>* " and the
dose-response relationship of metformin, we consider it to be
more beneficial to add glimepiride to patients who have failed
to control their blood glucose with low-dose metformin rather
than maximizing the dose of metformin.

The rate of hypoglycemia occurrence in the present study was
comparable to existing studies. As expected, more cases of hypo-
glycemia were observed in the G/M FDC group. Of the 100 cases
of hypoglycemia that occurred in the G/M FDC group, 81 cases
had blood glucose levels that were measured by SMBG in a
patient diary. Of the 81 cases, 47 cases (58%) had a blood glucose
level above 70 mg/dL, and one case (1.2%) below 50 mg/dL. As
an insulin secretagogue, sulfonylureas tend to cause more hypo-
glycemia compared with other classes of medication, but glimepi-
ride has a lower occurrence rate for any and severe hypoglycemia
compared with conventional sulfonylurea®’, which is thought
to be due to glimepiride not stimulating inappropriate insulin
secretion when blood glucose is low™.

Several studies have reported dose-dependent gastrointestinal
AEs of metformin®’. Gastrointestinal AE is a clinically impor-
tant factor, as it decreases patient compliance and causes dis-
continuance of the treatment. In the present study, ten patients
(10.0%) in the G/M FDC group and 11 patients (10.2%) in the
Met UP group experienced gastrointestinal AEs, which was
lower than previous clinical trials. This can be attributed to a
relatively lower metformin dose in the present study compared
with other studies.

The limitation of the present study was the short period of
24 weeks, so further long-term study is required to prove the effi-
cacy and safety of G/M FDC therapy over Met UP therapy. Also,
the uptitration algorithm was not designed to equal potency, so it
was difficult to investigate the direct comparison between two
groups per protocol. However, the present study was carried out
to verify the benefits of early combination of complimentary
drugs, so the results that G/M FDC therapy reduced each
component’s dosage and shortened the titration period are an
important outcome providing evidence to clinicians for applying
early combination therapy to their clinical practice.

In summary, G/M FDC therapy showed a superior blood
glucose-lowering effect, comparable safety and tolerability
compared with Met UP therapy. Considering pathogenetic
characteristics of Korean type 2 diabetes, glimepiride/metformin
fixed-dose combination therapy is concluded to be an effective
therapeutic strategy to minimize side-effects from high-dose
metformin and to reduce exposure to hyperglycemia in type 2
diabetes patients who have inappropriate blood glucose control
by low-dose metformin treatment.
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