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Addition of Rosiglitazone to Glimepirid and Metformin
Combination Therapy in Type 2 Diabetes
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Abstract. The study was planned to determine the efficacy and safety of adding rosiglitazone to a combination of
glimepiride and metformin therapy with insufficiently controlled type 2 diabetes. This was an open-label study with a
follow-up period of 26 weeks. Thirty patients were taking 3 mg glimepiride two times and 850 mg metformin two times
per day. Patients were told to take one rosiglitazone 4 mg tablet before breakfast additionally. The primary efficacy
measure was the mean change in HbA ;¢ from baseline to the end of the study. Secondary efficacy parameters included the
mean changes from baseline to the end of the study in fasting plasma glucose (FPG) and insulin levels, as well as total
cholesterol, HDL-C, LDL-C, triglycerides, alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels.
Mean HbA c levels decreased significantly from 7.54 + 0.9% to 6.57 + 0.7% (p<0,001) at 26th week. FPG levels fell from
169.39 + 37.8 mg/dl to 135.69 + 28.0 mg/dl (p<0.001), respectively. Insulin levels decreased from 19.60 + 9.8 U/L to
14.66 £ 11.6 U/L (p =0,026) at 26th week. No one experienced elevations of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) levels greater than 2.5 times the upper limit of the reference range. This study confirms
that the addition of rosiglitazone (4 mg/day) to sulphonylurea and metformin treatment for patients with type 2 diabetes
improves glycemic control, is safe, and generally well tolerated.
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TYPE 2 diabetes mellitus is a chronic and progressive
disease characterized by impaired insulin secretion and
insulin resistance in the liver, adipose tissue and skele-
tal muscle [1]. These abnormalities all together con-
tribute to abnormal glucose metabolism. The degree
and duration of hyperglycaemia is the main reason of
chronic complications of type 2 diabetes [2].

Glycemic control with monotherapy cannot be main-
tained in approximately 10% of patients per year re-
quiring the addition of another antidiabetic drug [3].
Therefore type 2 diabetic patients are often treated with
a combination of antidiabetic agents. The need to use
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drugs with different and complementary mechanisms
of action frequently arises in daily clinical practice.
There are several reasons to do this: The disease is it-
self progressive and the therapeutic attempts to achieve
and maintain glycemic control often fail in the long
term [4, 5]. Some patients do not accept insulin treat-
ment because of the fear of needles and injections, the
fear that the complications of diabetes are caused by in-
sulin, and other false beliefs, and instead are ready to
take as many antidiabetic pills as prescribed [6].

The most commonly used combination in clinical
practice is sulphonylurea and metformin. But when
this potent combination is no longer able to achieve
glycemic control, the addition of an antidiabetic drug
with a different mode of action may lead to improved
metabolic control. Sulphonylureas stimulate insulin
secretion from the B-cells [7, 8], treating the relative or
absolute insulin deficiency rather than the insulin re-
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sistance. Metformin lowers glucose by reducing he-
patic glucose production and gluconeogenesis and by
enhancing peripheral glucose uptake [9].

The peroxisome proliferator-activated receptor-y
(PPAR-y) agonist rosiglitazone acts by increasing in-
sulin sensitivity in adipose tissue, muscle and liver [10].
Rosiglitazone targets insulin resistance by binding to
the transcription factor PPAR-y, thus promoting syn-
thesis of glucose transporters and activating adipocyte
differentiation [11, 12]. In addition to reducing insulin
resistance, rosiglitazone also improves B-cell dysfunc-
tion [13]. Rosiglitazone has been shown to prevent the
onset of hyperglycaemia [14] and decrease insulin se-
cretion [15] in animal models of insulin resistance and
type 2 diabetes mellitus. The efficacy and safety of
rosiglitazone as monotherapy have been established in
many studies [16—19].

The mode of action of rosiglitazone and metformin
are different but complementary. Consistent with this
view, the combined use of metformin and rosiglitazone
may be beneficial in patients inadequately controlled
by metformin and sulphonylureas. Rosiglitazone has
been shown to produce significant improvement in
glycemic control when administered to patients who
were inadequately controlled on the combination of
glibenclamide and metformin [20]. Similar findings
were obtained in a trial with troglitazone which was
completed before troglitazone was taken off the market
because of hepatotoxicity [21].

The aim of the present study was to determine the
efficacy and safety of adding rosiglitazone to a combi-
nation of glimepiride and metformin therapy with in-
sufficiently controlled type 2 diabetes.

Methods
Study design

In an open-label study, we examined the efficacy of
rosiglitazone when added to a therapeutic regimen of
glimepiride and metformin in type 2 diabetic patients.
Follow-up period of the study was 26 weeks.

Patients
Thirty patients with type 2 diabetes, as defined by the

ADA criteria [22], were eligible for the study if they
had been receiving glimepiride + metformin therapy

for at least 12 months and if their doses had been con-
stant for at least 2 months before the screening visit.
They had to be between 40 and 70 years of age and to
have a fasting plasma glucose concentration (FPG) be-
tween 126 and 270 mg/dl (7 and 15 mmol/l) and hemo-
globin A,c (HbA,c) levels between 7.0 and 8.0% at
screening. All patients gave informed consent accord-
ing to the Declaration of Helsinki.

Exclusion criteria

Patients were excluded from the study if they had
significant renal or hepatic impairment (serum creati-
nine >1.5 mg/dl or alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total bilirubin or
alkaline phosphatase (AP) >2.5 times the upper limit
of the normal laboratory value), hypertension (systolic
blood pressure >180 mmHg or diastolic blood pressure
>110 mmHg), anemia (hemoglobin <11 g/dl for men
and <10 g/dl for women), New York Heart Association
Classification class Il or IV cardiac insufficiency, symp-
tomatic diabetic neuropathy, pregnancy or significant
abnormalities identified during the screening physical
examination, on electrocardiogram (ECG) or in any lab-
oratory tests, including blood chemistry, hematology
and urinalysis. Patients requiring insulin therapy,
patients who have participated in any rosiglitazone-
related study, or have used any investigational drug
within 30 days of screening were also excluded.

Treatment

All patients were instructed to take 3 mg glimepiride
two times (30 minutes before breakfast and dinner) and
850 mg metformin two times (after breakfast and din-
ner) per day. Patients were told to take one rosiglitazone
4 mg tablet before breakfast additionally.

Efficacy and safety assessments

All laboratory measurements for efficacy and safety
were performed by Dr. Lutfi Kirdar Kartal Education
and Research Hospital Laboratories, on blood collect-
ed in the fasting state. All of the routine biochemical
tests were carried on Roche Diagnostics Modular Sys-
tems auto-analyser. Low-density lipoprotein cholesterol
(LDL-C) was calculated using Friedewald calculation
[23]. Levels of HbA,c were measured by Roche
Diagnostics (RD) immunoturbidimetric assay (cat. no.
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1822080); insulin by chemiluminometric immuno-
assay (DPC-Immulite 2000, cat. no. 152). All subjects
who received at least one dose of medication were as-
sessed for clinical safety and tolerability, by physical
examination, adverse experience reports, and laboratory
safety data. All assessments were performed in the
morning so that patients had fasted for at least 9 hours
at baseline, at the second week (for rosiglitazone group
to estimate hepatotoxicity), at the 13th week, and the
end (the 26th week) of the study (or at the withdrawal
visit). Patients received their morning doses of study
medication after samples had been collected.

The primary efficacy measure was the mean change
in HbA ¢ from baseline to the end of the study. Sec-
ondary efficacy parameters included the mean changes
from baseline to the end of the study in FPG and insulin
levels, as well as total cholesterol, high density lipo-
protein cholesterol (HDL-C), LDL-C, triglycerides,
AST and ALT levels.

Safety monitoring included physical examination,
vital sign assessment, weight measurements, electro-
cardiogram, adverse experience query, and laboratory
tests. Patients were asked about adverse events using
non-leading questions. Investigator rated all adverse
events as mild, moderate, or severe and for the relation-
ship to the study drug.

Estimates of insulin sensitivity determined by homeo-
stasis model assessment (HOMA-R) were calculated
using FPG and insulin values. HOMA is a mathemat-
ical model based on glucose and insulin interaction in
different organs, including the pancreas, liver, and
peripheral tissues [24].

Statistical analysis

The primary population for efficacy analysis was the
intention-to-treat population, those with at least 1 value
while receiving therapy (last observation was carried
forward in the case of missing data or earlier withdraw-
als). Efficacy and safety parameters were measured at
baseline and after 26 weeks of treatment. The statisti-
cal significance was tested by a paired 7 test. Statistical
analyses were performed using statistical software
(SPSS 11.5). Results are expressed as mean + SD
values. P<0.05 was considered significant.

Results

The mean age of 30 patients (17 male, 13 female)
was 56.83 £ 9.1 years. Duration of diabetes was 8.53 £
5.0 years. All of the patients were overweight or obese
(BMI: 31.42 + 4.7 kg/m?) (Table 1).

Rosiglitazone therapy produced improvements in
both glycemic controls (HbA,c and FPG) between base-
line and 26th week. Mean HbA c levels decreased sig-
nificantly from 7.54 = 0.9% to 6.68 = 0.7% (p<0.001)
at 13th week and 6.57 = 0.7% (p<0.001) at the 26th
week (Fig. 1). Mean HbA c levels decreased after 13th
week and then stayed at a steady level. FPG levels fell
from 169.39+37.8mg/dl to 136.39 +22.9 mg/dl
(p<0.001) and to 135.69 + 28.0 mg/dl (p<0.001), re-
spectively. The number of patients who attained an
HbA c level lower than 6.5% (suggested by ADA) was
17 (8 of them were lower than 6.0%) and 5 of the
patients had HbA ¢ levels between 6.5% and 7.0%.

Adding rosiglitazone to therapy significantly de-
creased HOMA-R values. Mean baseline HOMA-R
level was 8.54+8.3. Mean HOMA-R levels were
calculated as 4.97 +4.5 (p<0.001) at week 13 and at
5.27 4.4 (p<0.005) at week 26 (Fig. 2). Rosiglita-
zone showed a tendency to reduce levels of circulating
insulin. Insulin levels decreased from 19.60 + 9.8 U/L
to 14.62+11.3U/L (p=0.007) at 13th week and
14.66 + 11.6 U/L (p = 0.026) at 26th week (Fig. 3).

Mean total cholesterol and LDL-C concentrations
increased after 26 weeks. Mean levels were 181.28 +
33.0 mg/dl and 188.26 +39.7 mg/dl for total choles-
terol and 99.80 + 25.8 mg/dl and 102.80 + 29.6 mg/dl
for LDL-C, respectively. However, this was accom-
panied by a rise in HDL-C. Mean HDL-C increased
from 44.67 = 8.0 mg/dl to 48.23 + 9.9 mg/dl at week 26.
As aresult, the LDL/HDL ratio fell slightly. Mean tri-
glyceride level was 195.60 + 102.6 mg/dl at baseline
and 189.92 + 108.8 mg/dl at week 26.

No one experienced elevations of alanine amino-
transferase (ALT) and aspartate aminotransferase
(AST) levels greater than 2.5 times the upper limit of

Table 1. Demographic characteristics of patients
n 30
Age (years) 56.83 +9.09
Gender (female/male) 13/17
Diabetes Duration (years) 8.53+£4.97
HbA ¢ (%) 7.54+0.9
BMI (kg/m?) 31.42+4.7
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Fig. 1. HbA,c levels of the patients at baseline, week 13 and week 26
*p<0.001, baseline vs week 13 and week 26
**Non significant, week 13 vs week 26
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Fig. 2. HOMA-R values of the patients at baseline, week 13 and week 26

*p<0.01, baseline vs week 13 and week 26
**Non significant, week 13 vs week 26

the reference range. Slight decreases were observed in
both mean ALT (from 30.07 + 18.0 mg/dl to 25.00 £
11.1 mg/dl) and AST (from 23.34+9.0 mg/dl to
22.11 + 6.4 mg/dl) levels.

Mean changes at total cholesterol, HDL-C, LDL-C,
AST, ALT and triglyceride were not statistically sig-
nificant.

Significant hypoglycemia was not reported in any
case. Edema was detected in 3 % of patients. There
were no significant changes in vital signs or electro-
cardiogram parameters in any of the patients.

The mean BMI of patients increased from baseline to

26th week. BMI was calculated as 31.42 + 4.7 kg/m?
at baseline, 32.22 + 4.8 kg/m? (p<0.001) at week 13
and 32.63 + 5.3 kg/m? (p<0.001) at 26th week. There
was also a statistically significant increase at BMI be-
tween 13th week and 26th week (p = 0.002) (Fig. 4).

Discussion
Type 2 diabetic patients are often treated with a com-

bination of antidiabetic agents. The combination of a
sulphonylurea with metformin is commonly used in
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Fig. 3. Insulin levels of the patients at baseline, week 13 and week 26
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clinical practice. Rosiglitazone has been shown to be
effective in the treatment of type 2 diabetes either as
monotherapy or in combination with other agents. In
many of the previous studies rosiglitazone had been
added on sulphonylurea or metformin monotherapy
alone [18, 25-28], but studies using rosiglitazone in
addition to combination therapy are rare [6, 20].

In our study, the decreases in HbA,c and FPG levels
obtained were higher in comparison to the above men-
tioned triple combination therapy studies [6, 20], where-
as other parameters were similar. This may be explain-
ed by the difference between the diabetes duration of
the study populations. Duration of diabetes in our study
was shorter than those of the others.

The complementary actions of combined metformin
and rosiglitazone are further supported by the effects of
rosiglitazone on insulin sensitivity. Rosiglitazone may
provide added therapeutic value by reducing peripheral
insulin resistance.

The mean changes in total cholesterol, LDL-C,
HDL-C and triglycerides were similar to those observed
in previous combination studies of rosiglitazone. Al-
though a small rise in mean LDL-C concentration was
observed, this was accompanied by a rise in HDL-C, so
the LDL/HDL ratio fell slightly [29].

The weight gain of patients was comparable, but the
data presented here demonstrate that the weight gain
observed in patients is not associated with an increase
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in insulin resistance, and insulin sensitivity improved
significantly.

The adverse event profiles were similar to those of
studies on rosiglitazone used alone or combination
with sulphonylureas or metformin. Lack of laboratory
abnormalities associated with rosiglitazone suggests
that rosiglitazone was safe and well tolerated. Al-
though hypoglycemia was reported by some patients,
this was not serious. The low incidence of edema and
absence of clinically significant changes in liver func-
tion or ECG were reassuring.

As demonstrated by the UKPDS, the use of sulpho-
nylureas and metformin both alone or in combination
in type 2 diabetic patients improves glycemic control
and reduces microvascular complications. However,
the loss of efficacy over time was associated with per-
sistent insulin resistance and progressive impairment
of B-cell function [2]. The management of patients in-
adequately controlled on combination therapy is a criti-
cal step in slowing the progression of the disease and
delaying the use of insulin. Additionally, an increase

in hyperinsulinaemia may worsen the adverse meta-
bolic and cardiovascular consequences associated with
elevated insulin levels that are due to insulin resistance
[30]. A more rational approach in these patients may
be the reduction of insulin resistance and hyperinsuli-
naemia [3] by adding an insulin sensitizer such as
rosiglitazone.

This study shows that the addition of 4 mg rosiglita-
zone to existing sulphonylurea and metformin treat-
ment in patients with type 2 diabetes can significantly
improve glycemic control as measured by reductions in
fasting plasma glucose concentration and the percent-
age of HbA,c. The effects of combination drug therapy
reflect the efficacy of rosiglitazone. Patients with
higher baseline values would be expected to have large
reductions in HbA,c and FPG.

In conclusion, this study confirms that the addition
of rosiglitazone (4 mg/day) to sulphonylurea and met-
formin treatment for patients with type 2 diabetes im-
proves glycemic control, is safe, and generally well
tolerated.
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