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Rosiglitazone and glimepiride are effective antihyperglycemic agents approved for the 
treatment of Type 2 diabetes mellitus. Primarily, rosiglitazone increases insulin sensitivity, 
while glimepiride stimulates insulin release from β-cells in the pancreas. Combination 
therapy is often required to achieve effective glycemic control. A fixed-dose formulation of 
rosiglitazone plus glimepiride has recently been approved in the EU and US for treatment 
of Type 2 diabetes. Much data demonstrate the advantages of the combination therapy 
compared with rosiglitazone or glimepiride as monotherapy. Rosiglitazone plus 
glimepiride is generally well tolerated in all studies and presents a tolerability profile 
similar to that of monotherapy with rosiglitazone and sulphonylurea. The aim of this 
review is to present this new fixed-dose combination, which represents a promising new 
strategy to obtain recommended glycemic control.

Type 2 diabetes mellitus is a complex meta-
bolic disorder characterized by a variable
degree of insulin resistance, impaired insulin
secretion and excessive hepatic glucose produc-
tion; all these factors contribute to hyper-
glycemia. The decreased ability of insulin to
act effectively on peripheral tissues results from
a combination of genetic susceptibility and
environmental factors, the most important
being obesity, particularly visceral or central.
Insulin resistance impairs glucose utilization by
insulin-sensitive tissues and increases hepatic
glucose release, which predominantly accounts
for increased fasting plasma glucose (FPG) lev-
els, while the decrement of peripheral glucose
utilization is principally related to postprandial
hyperglycemia. In skeletal muscle, impairment
in glycogen formation (nonoxidative metabo-
lism) is greater than in glycolysis (oxidative
metabolism). In Type 2 diabetes, the mecha-
nisms that underlie insulin resistance are not
understood completely. Postreceptor defects
are believed to play the most important role in
insulin resistance. The pathogenesis of insulin
resistance is currently focused on phosphati-
dylinositol (PI)3-kinase signaling defects,
which determine a large number of abnormali-
ties, such as a reduced translocation of glucose
transporter (GLUT)4 to the plasma mem-
brane. In the earlier stages of Type 2 diabetes
mellitus, insulin secretion increases in response
to insulin resistance so that, initially, secretory
defects are minimal and related selectively to
glucose-stimulating insulin secretion and the

response to other secretagogues is preserved.
During the natural history of the disorder, a
progressive decline of insulin secretion is the
rule and leads to a state of large inadequate
insulin secretion. The metabolic disorders in
diabetes negatively affect pancreatic islet func-
tion. Chronic hyperglycemia determines an
impairment in β-cell function, thus worsening
hyperglycemia (glucose toxicity). Moreover, an
increase in dietary lipid introduction also wors-
ens islet function (lipotoxicity). In the liver,
hyperinsulinemia is no longer able to suppress
gluconeogenesis, which results in hyperglyc-
emia and decreased glycogen storage by the
liver in the postprandial state [1,2]. Type 2 dia-
betes is a chronic illness that requires continu-
ing medical care to prevent acute complications
and reduce the risk of chronic complications.
Diabetes treatment is based on lifestyle inter-
ventions, pharmacological therapy and insulin
therapy. Lifestyle interventions are strictly rec-
ommended for all diabetic patients, particu-
larly for those who present with obesity and
insulin-resistance at diagnosis. Medical nutri-
tion therapy is essential to achieve and main-
tain recommended treatment goals, including
FPG, postprandial plasma glucose (PPG), gly-
cosilated hemoglobin (HbA1c), low-density
lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C) and try-
gliceride (TG) levels, blood pressure (BP) and
body weight. Regular exercise has been shown
to improve blood glucose control, reduce
cardiovascular (CV) risk factors, contribute to
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weight loss and improve well-being. Before
starting a physical activity program, people
with diabetes should be evaluated in order to
reduce the risk of adverse effects that may pos-
sibly occur in subjects with macro- and/or
microvascular complications. Advising all
patients not to smoke is another important
intervention recommended in Type 2 diabetes
management. In many cases, optimal glycemic
control is not only achieved by changes in life-
style; most Type 2 diabetic patients requires a
pharmacological treatment [3]. 

Overview of the market
To date, a large number of molecules have been
developed to achieve the recommended goals in
glycemic control that are strictly related to opti-
mal prevention of Type 2 diabetes complica-
tions. The antihyperglycemic agents that are
now available include insulin secretagogues
(sulphonylureas [SU] and metiglinides), met-
formin, α-glucosidase inhibitors and thiazolidin-
ediones (TZD). The main features of the
different drug classes are presented in Table 1.

Current guidelines suggest and highlight the
importance of severe glycemic control in order to
prevent diabetic complications.

Owing to its glycemic efficacy, excellent
safety profile, low cost as a generic formulation
and low incidence of hypoglycemia and weight
gain, metformin represents the preferred agent
for monotherapy. To date, the main contra-
indications to metformin are represented by
renal impairment, suggested by elevated serum
creatinine (>136 mmol/l in men and >124
mmol/l in women) or abnormal creatinine
clearance, advanced age (>80 years) and conges-
tive heart failure requiring pharmacological
treatment. In the literature, the real contraindi-
cations of metformin are controversial, and in
case reports, a clear relationship between lactic
acidosis and metformin plasmatic levels has not
been found. Therefore, it appears difficult to
determine the degree to which the drug contrib-
utes to this unfavorable condition [4]. Gastro-
intestinal adverse effects, such as abdominal
pain, nausea, dyspepsia, anorexia and diarrhea,
are much more common at the start of met-
formin therapy compared with SUs, although
the percentage of patients who undergo discon-
tinuation of metformin after a few weeks is lim-
ited [5]. Diarrhea occurring long after the dosage
titration period is much less well recognized, but
usually requires an immediate period of wash-
out [6]. Mild renal impairment and stable heart

failure can no longer be recognized as strong
contraindications to the use of metformin [7].
Moreover, the proportion of patients with severe
renal impairment among diabetics is, in prac-
tice, extremely variable among different popula-
tions divided for age, sex, race and
comorbidities. A large proportion of patients
with Type 2 diabetesis have microalbuminuria
or overt nephropathy at diagnosis, since diabetes
is often present for many years before diagnosis.
Screening for microalbuminuria is recom-
mended not only for prevention of nephropa-
thy, but also as a marker of CV morbidity and
mortality. Optimal glycemic and blood pressure
control is strictly recommended to protect renal
function [8]. 

If metformin is not tolerated or contra-
indicated, the second choice is between a TZD or
a SU. SUs are efficacious and particularly useful in
Type 2 diabetic patients who present with insulin
secretion deficiency and, in association with insu-
lin-sensitizing drugs (metformin and TZD), in
those with Type 2 diabetes mellitus who do not
achieve recommended glycemic control. 

SUs act at the pancreatic β-cell membrane
(SU receptors [SURs]) by determining the clo-
sure of adenosine triphospahate (ATP)-sensitive
potassium channels. Glimepiride, the later third-
generation SU, acts on the same receptors as
other SUs, but it is internalized into β-cells,
where the molecule is associated with the secre-
tory granules. Glimepirirde stimulates the first
and the second phases of insulin secretion. Prin-
cipally, glibenclamide acts at the same SUR as
other SUs (a 140 kDa protein) and its metabo-
lism results in long-acting molecules. Thus, this
drug can be administered once daily. Glipizide
increases the plasma insulin response to food
much more than glibenclamide, thus it is more
efficacious for postprandial hyperglycemia. Gli-
clazide increases insulin secretion in the fasting
state and after a meal. Among the SUs, glibencla-
mide produces a higher incidence of hypo-
glicemia compared with glipizide and
glimepiride. In renal insufficiency, the elimina-
tion of glimepirirde is not changed due to a
decrease in protein binding, making this SU a
safer option for patients with renal impairment.

A theoretical cardiac risk for first-generation
SUs has been observed and appears to be con-
firmed in studies with glibenclamide. Glimepir-
ide, gliclazide and glipizide have lower affinity
for cardiac SURs and, in animal models,
glimepiride appears to not impair the protective
effect of ischemic preconditioning. To date,
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glimepiride, gliclazide and glipizide appear to be
the preferable SUs in Type 2 diabetic patients
with coronary disease [9]. However, glimepiride
has never been tested in studies of reduction in
CV disease compared with other SUs.

Non-SU insulin secretagogues may be used in
patients with unpredictable meal schedules
and/or those with predominant PPG.

TZDs have demonstrated efficacy not only in
glycemic control, but also in the different com-
ponents of metabolic syndrome (particularly
hypertension and dyslipidemia); however, a slow
onset of action, a frequent liver enzyme monitor-
ing requirement and association with weight gain
do not make these drugs ideal as first agents in
Type 2 diabetes treatment. The mechanism of
action of TZDs is not well known with regard to
their use in patients with Type 2 diabetes and
renal impairment. The available evidences sug-
gest a possible benefical role of these compounds
in preventing renal failure and slowing the pro-
gression of renal disease. Both rosiglitazone
monotherapy and treatment with rosiglitazone in
association with SUs has been shown to be well
tolerated in Type 2 diabetic patients with mild to
moderate renal failure not well controlled by
monotherapy. Moreover, in preliminary human
studies, rosiglitazone has been demonstrated to

improve glomerulal hyperfiltration, renal
endothelial dysfunction and microalbuminuria
of starting diabetic nephropathy. Different mech-
anisms, beyond blood pressure reduction and
improvement of insulin sensitivity, appear to be
involved in this positive effect of rosiglitazone on
the kidney. Studies of association of rosiglitazone
and SUs have suggested a similar improvement of
microalbuminuria excretion rate [10]. Α-glucosi-
dase inhibitors as first choice are reserved for
those patients with early diagnosed and mild dia-
betes [11]. Significant outcome data demonstrate
that Type 2 diabetes is a progressive condition
that requires combination therapy for optimal
glycemic control [12]. 

Lifestyle modification with an oral agent has
shown to produce a satisfactory glycemic con-
trol for a time that depends on different factors
and particularly on patients’ adherence to physi-
cians suggestions, as largely stressed by recent
recommendations [3]. When hyperglycemia
appears no longer adequately controlled, addi-
tion of a second agent (not substitution) is rec-
ommended. Agents with similar or different
mechanisms of action can be combined, with
the exception of SU and non-SU insulin secreta-
gogues. The most common combination regi-
mens are: SU plus metformin or TZD; SU plus

Table 1. The major compounds for the treatment of Type 2 diabetes mellitus.

Compound Mechanism of action Site of action Glycemic efficacy
(hba1c)

Sulphonylureas
2nd generation

Glibenclamide
Glipizide 
Glipizide GITS
Glimepiride

Increase insulin secretion β-islet cell 1.5–2%

Nonsulphonylureas
Insulin secretagogues

Repaglinide
Nateglinide

Increase insulin secretion β-islet cell 0.7–1.3%

Biguanides

Metformin Decrease hepatic glucose 
production and increase 
peripheral uptake

Liver (muscle 
and adipose)

1.8%

α-glucosidase inhibitors

Acarbose 
Miglitol

Decrease intestinal 
carbohydrate absorption

Intestine brush border 0.8%

Thiazolidinediones

Rosiglitazone
Pioglitazone

Increase peripheral 
glucose uptake

Adipose (muscle 
and liver)

1.5%

GITS: Gastrointestinal therapeutic system.
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TZD; and metformin plus TZD. The availabil-
ity of fixed combinations has made combination
therapy easier to administer [4]. 

Introduction to 
rosiglitazone/glimepiride
Chemistry
The fixed combination of glimepiride and ros-
iglitazone (GlaxoSmithKline) is the combina-
tion of two antidiabetic drugs: rosiglitazone
maleate and glimepiride. Chemically, rosigli-
tazone maleate is (±)-5-[[4-[2-(methyl-2-
pyridinylamino)ethoxy]phenyl]methyl]-2,4-
thiazolidenedione, (Z)-2-butenedioate (1:1).
The molecule has a single chiral center and is
present as a racemate. The molecular formula
is C18H19N3O3S.C4H4O4. Rosiglitazone is a
white to off-white solid with a melting point
range of 122–123°C. The pKa values are 6.8
and 6.1. Rosiglitazone is readily soluble in eth-
anol and a buffered aqueous solution with pH
2.3, and solubility decreases with increasing
pH in the physiological range (Figure 1).

Glimepiride is a white to yellowish-white, crys-
talline, odourless powder. Chemically, glimepiride
is 1-p-[[2-(3-ethyl-4-methyl-2-oxo-3-pyrroline-1-
carboxamido)ethyl]phenyl] sulfonyl]-3-(trans-4-
methylcyclohexyl) urea. The molecular formula of
glimepiride is C24H34N4O5S. Glimepiride is
practically insoluble in water (Figure 1).

A fixed combination of glimepiride and rosiglita-
zone is available for oral administration. Tablets
contain a fixed dose of rosiglitazone 4 mg com-
bined with variable doses of glimepiride 1, 2 or
4 mg (in the US) [101] or rosiglitazone 4 mg
combined with glimepiride 4 mg (in the EU) [102]. 

Pharmacokinetics & metabolism
Glimepiride
After oral administration, glimepiride is
absorbed completely (100%) in the gastrointesti-
nal tract. Studies with a single oral dose in
healthy subjects and multiple oral doses in
Type 2 diabetic patients have shown a significant
absorption after 1 h and maximal plasmatic con-
centration (Cmax) at 2–3 h. Glimepiride is
metabolized by oxidative biotransformation,
thus resulting in the formation of the two main
metabolites: ciclohexyl hydroxyl-methyl deriva-
tive (M1) and the carboxyl derivative and M2.
Gimepiride metabolism involves cytochrome
P 450 2C9. The pharmacokinetics of glimepir-
ide are dose linear in the 1–8-mg dose range, safe
and well tolerated in healthy volunteers [13,14,101].

Rosiglitazone
Rosiglitazone is metabolized largely in the liver;
its metabolism mainly involves cytochrome P
450 2C8 and, minimally, cytochrome P 450
2C9. The principal metabolites derive from
N-demethylation and hydroxylation and succes-
sive conjugation with sulphate and glucuronic
acid. The elimination half-life is 3–4 h and is
independent of the dose. After oral administra-
tion, rosiglitazone is absorbed rapidly and its
absolute bioavailability is 99%. The pharmacok-
inetics of rosiglitazone are dose linear in the 4–8-
mg dose range. The mean oral volume of distri-
bution of the molecule is approximately 17.9 l
and it increases according to body weight. Ros-
iglitazone is approximately 99.8% bound to
plasma proteins, primarily albumin [15].

In a bioequivalence study of fixed combina-
tion of glimepiride and rosiglitazone 4/4 mg,
the area under the curve (AUC) and the Cmax
of rosiglitazone following a single dose of the
fixed-combination tablet were bioequivalent to
rosiglitazone 4 mg concomitantly administered
with glimepiride 4 mg. Glimepiride AUC was
bioequivalent, while glimepiride Cmax was low-
ered by 13% when glimepiride was adminis-
tered in the fixed-dose combination in
comparison with glimepiride 4 mg concomi-
tantly administered with rosiglitazone 4 mg
(Table 2) [101].

Pharmacodynamics
Glimepiride is the latest second-generation SU for
the treatment of Type 2 diabetes mellitus (Table 1).
Glimepiride has been shown to improve the rela-
tive insulin secretory deficit found in Type 2 dia-
betes mellitus. It is a direct insulin secretagogue;

Figure 1. Glimepiride and rosiglitazone.
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indirectly, it also increases insulin secretion in
response to fuels such as glucose. Glimepiride
antihyperglycemic efficacy is similar to other
secretagogues. It has pharmacokinetic properties
that make it safe, with the lowest incidence of
hypoglycemia among the SUs. Its convenient
once-daily dosing may enhance compliance for
diabetic patients who also often require medica-
tions for other comorbid conditions. Clinically, its
reduced risk of hypoglycemia makes it preferable
to some other insulin secretagogues [16].

In comparison with glibenclamide, glimepiride
exhibited more potent glucose-lowering effects and
a longer duration of its hypoglycemic effect.
Glimepiride is indicated in association with diet
and exercise for Type 2 diabetes mellitus. Glimepir-
ide in a 1–8-mg daily dose causes a dose-related
decrease in blood glucose and glycosylated hemo-
globin levels [17]. A large-scale study, conducted
under similar conditions to current medical prac-
tice, confirms that glimepiride has a favorable
risk:benefit ratio in Type 2 diabetes mellitus [18]. 

Glimepiride appears to be effective in reduc-
ing important metabolic risk factors for athero-
sclerotic vascular disease. In a 12-month study,
glimepiride lowered lipoprotein(Lp)a and homo-
cysteine (HCT) levels at 6 and 12 months and
plasminogen activator inhibitor Type 1 (PAI-1)
at 12 months [19]. 

Rosiglitazone has a high affinity for the perox-
isome proliferators-activated receptor (PPAR)-γ,
particular nuclear receptors that have been found
in different target tissues, such as liver, skeletal
muscle and fat tissue.

Rosiglitazone reduces plasma glucose levels and
glucose production and increases glucose clear-
ance in patients with Type 2 diabetes mellitus.
Insulin sensitivity, pancreatic β-cell function and
surrogate markers of CV risk factors are signifi-
cantly improved by rosiglitazone. Double-blind
trials of 8–26 weeks of rosiglitazone 4 or
8 mg/day monotherapy indicate significant
decreases in FPG and HbA1c levels. Efficacy has
been maintained in trials of 2 years or less, and
has been also apparent in various ethnic sub-
groups, elderly patients and obese and nonobese
patients. Rosiglitazone should be administered in
combination with diet and exercise and is gener-
ally well tolerated. The incidence of liver function
abnormalities in clinical trials (≤2 years duration)
has been similar to that in placebo and active
comparator groups. Fluid retention associated
with rosiglitazone may be the cause of the
increased incidence of anemia in clinical trials,
and also means that patients should be monitored
for signs of heart failure during therapy. Although
body weight is increased overall with rosiglitazone
therapy, increases are in subcutaneous, not vis-
ceral fat; hepatic fat is decreased. The pharmacok-
inetic profile of rosiglitazone is not substantially
altered by age or renal impairment, and there are
no important drug interactions. Oral rosiglita-
zone 4 or 8 mg/day provides significant antihy-
perglycemic efficacy and is generally well
tolerated, both as monotherapy and in combina-
tion with other antihyperglycemic agents in
patients with Type 2 diabetes mellitus without
active liver disease [20].

Table 2. Comparison between rosiglitazone plus glimepiride 4/4 mg (regimen A) and concomitant dosing of 
a rosiglitazone 4 mg tablet plus glimepiride 4 mg tablet (regimen B).

Parameters Rosiglitazone Glimepiride

R/G 4/4 mg
Fixed association

R 4 mg tablet plus 
G 4 mg tablet

R/G 4/4 mg
Fixed association

R 4 mg tablet plus 
G 4 mg tablet

AUC0-inf (ng.h/ml) 1259 
(833–2060)

1253
(756–2758)

1052
(643–2117)

1101
(648–2555)

AUC0-1 (ng.h/ml) 1231
(810–2019)

1224
(744–2654)

944
(511–1898)

1038
(606–2337)

Cmax (ng /ml) 257
(157–352)

251
(77.3–434)

151
(63.2–345)

173
(70.5–329)

T1/2 (h) 3.53 
(2.60–4.57)

3.54
(2.10–5.03)

7.63
(4.42–12.4)

5.08
(1.80–11.31)

Tmax (h) 1.00 
(0.48–3.02)

0.98 
(0.48–5.97)

3.02
(1.50–8.00)

2.53
(1.00–8.03)

Adapted from gsk AvandarylTM prescribing information.
AUC: Area under the curve; Cmax: Maximum concentration; G: Glimepridine; R: Rosiglitazone; T1/2: Time of half-life; Tmax: Time of 

maximum concentration.
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Treatment with rosiglitazone reduced hyper-
insulinemia and improved small artery elasticity
with a tendency to improve large artery elasticity
in hypertensive and normotensive patients [21].
Rosiglitazone induced a recovery of pancreatic
β-cell function, as evidenced by the restoration
of the first-phase insulin response to glucose,
improvement in the disposition index and a
decrease in the proinsulin:insulin ratio in sub-
jects with Type 2 diabetes in whom oral anti-
hyperglycemic therapy failed, independent of the
correction of glucotoxicity [22]. In comparison to
metformin, rosiglitazone decreases liver fat and
increases insulin clearance. The decrease in liver
fat is associated with an increase in serum adi-
ponectin concentrations and an increase in
peripheral glucose uptake [23]. Rosiglitazone pos-
itively affects CV risk markers, producing a
reduction in plasmatic concentration of C-reac-
tive protein (PCR), matrix metalloproteinases
(MMP)-9, tumor necrosis factor (TNF)-α, seric
amyloid and soluble CD40L in Type 2 diabetic
patients with and without coronary disease [15]. 

Clinical efficacy
The efficacy of the fixed combination of
glimepiride and rosiglitazone has only been
established in studies with the two drugs admin-
istered concurrently (Table 3). Evidence suggests
that combination therapy using oral antidiabetic
agents with different mechanisms of action may
be more effective in achieving and maintaining
target blood glucose levels [12]. In patients with
Type 2 diabetes and metabolic syndrome,
glimepiride provides slight improvements in
cholesterolemia, not observed in rosiglitazone-
treated patients [24]. The addition of glimepiride
in patients with Type 2 diabetes mellitus who
were not adequately controlled by metformin
and a TZD dual combination therapy has amel-
iorated glycemic control compared with pla-
cebo, with an acceptable tolerability profile. The
risk for severe hypoglycemia increased with the
addition of glimepiride [25]. 

The addition of rosiglitazone to an SU has
been shown to improve glycemic control in
patients with Type 2 diabetes previously treated
with SU monotherapy, and produced a positive
effect on insulin resistance, β-cell function, CV
risk markers and adiponectin, thus supporting
the rationale of combining rosiglitazone with SU
drugs in patients with Type 2 diabetes [26]. 

The association of a TZD to the glimepiride
treatment of Type 2 diabetic subjects with met-
abolic syndrome is associated with a significant

improvement in the long-term blood pressure
control, related to a reduction in insulin
resistance [27]. 

Evidence suggests that antihyperglycemic
drugs might have a small, but clinically signifi-
cant, beneficial effect on blood pressure in
patients with diabetes mellitus. In a 12-month
study, combination treatment with rosiglitazone
and metformin, but not glimepiride and met-
formin, was associated with a significant
improvement in blood pressure control. Both
treatments were well tolerated [28]. It can be con-
cluded that the addition of a TZD to glimepir-
ide treatment in Type 2 diabetic subjects with
metabolic syndrome determines a slight but sig-
nificant reduction of the PAI-1 value, related to a
similar reduction in insulin resistance [29].

Safety & tolerability
Sulphonylureas might determine different
adverse events, the most common and important
in clinical practice being hypoglycemia. Other
SUs, such as glibenclamide, appear to be respon-
sible of severe hypoglycemia more frequently
than glimepiride [30].

Another important side effect of glimepiride is
weight gain, which is observed with all secretago-
gues. Rosiglitazone might determine fluid reten-
tion and exacerbate heart failure in Type 2
diabetic patients and is not recommended for
patients with New York Heart Association
(NYHA) class 3 or 4 heart failure [31].

Experts recommend screening for underlying
cardiac disease in patients and the use of drugs
related to the development of fluid retention of
pedal edema, and promptly detect any possible
manifestation of chronic heart failure. More-
over, a review of a recent elechtrocardiogram
may be useful to establish the presence of previ-
ous myocardial infarction or left ventricular
hypertrophy. Finally, experts suggest instructing
patients before initiation of treatment regarding
onset of symptoms, such as weight gain over
3 kg, pedal edema and dyspnea or fatigue with-
out other particular causes. Correct monitoring
must be conducted during therapy [31]. TZDs
have been shown to induce weight gain in
Type 2 diabetic patients. The weight gain
appears to be realated to the dose and is nearly
3–6 kg over 6 months to 1 year. Rosiglita-
zone/glimepiride combination therapy affects
weight gain more than rosiglitazone or SU
monotherapy [32]; however, weight gain is not
inevitable. Combination with sibutramine and
orlistat, two well known weight-loss agents, has
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been shown to be effective in reducing the need
for both insulin and secretagogues, although no
studies are available concerning the possible
effects of these agents in association with
TZDs. Weight loss following a low calorie diet
is associated with a decrease in PPAR-γ expres-
sion in subcutaneous adipose tissue, related to
the differentiation of adipocytes. Experts sug-
gest a program of education regarding diet and
exercise at prescription, with a restriction in cal-
orie intake, particularly in those patients at high
risk of weight gain. Further research is needed
to determine optimal and possible standardized
dietary modifications during use of TZDs [33].
Moreover, association of TZDs and diuretics
seem to be a possible choice to reduce edema
during treatment [34]. Diabetic macular edema
with rosiglitazone has been reported recently,
while hepatotoxicity, a severe adverse effect that
has led to the market withdrawal of troglita-
zone, has been rarely observed with rosiglita-
zone [35]. These data are consistent with our
experience with the association of rosiglitazone
and glimepiride [36]. 

Thus far, no clinical trials have been con-
ducted to assess safety and tolerability of the
fixed-dose combination tablet of glimepiride and
rosiglitazone as second-line therapy when a SU
provides no adequate glycemic control, or in

patients initially responding to rosiglitazone
alone who require additional glycemic control.

Safety and efficacy of the fixed combination
of glimepiride and rosiglitazone as initial ther-
apy in addition to diet and exercise has also not
been established. 

The combination of glimepiride and rosigli-
tazone was efficacious and well tolerated in a
small sample of patients with Type 2 diabetes
mellitus inadequately controlled with rosiglita-
zone monotherapy [37]. In a study designed to
test the efficacy and safety of low-dose rosiglita-
zone in combination with SU in Type 2 dia-
betic patients, no significant cardiac events,
hypoglycemia or hepatotoxicity was observed in
the combination-treatment group [38]. 

In conclusion, the fixed dose of rosiglitazone
and glimepiride is contraindicated in patients
with known hypersensitivity to one component
of the drug, in diabetic ketoacidosis with or
without coma. There are no data available evalu-
ating the efficacy and safety of the fixed combi-
nation of glimepiride and rosiglitazone in
combination with insulin and, therefore, this
association is not recommended.

During treatment, periodic FPG and HbA1c
measurements should be performed. Liver
enzyme monitoring is recommended at the start
of prescription and during treatment [101]. 

Table 3. Metabolic and nonmetabolic effects of the association of glimepiride 4 mg and rosiglitazone 
4 mg contemporary administered in five studies.

 Compound HbA1c (%) BMI
(kg/m2)

SBP 
(mmHg)

DBP 
(mmHg)

Study 
duration 
(weeks)

Ref.

Adiponectin (adjusted for body weight changes): +72.7%

Glimepiride 3 mg plus 
rosiglitazone 4 mg 

-1.2%       0% -1.4% 0% 16 [26]

Lipid profile: TC: -3.3 mg/dl; HDL-C: + 0.6mg/dl; TG: -7.5 mg/dl

Glimepiride 2–8 mg plus 
rosiglitazone 4–8 mg

-1.2% No 
significant 
changes

26 [37]

Lipid profile: TG: +18%; PAI-1 (ng/ml): -30%; tPA (ng/ml): -26%; Fg (g/l): -10.4%

Glimepiride 4 mg plus 
rosiglitazone 4 mg 

-1.2% +7.1% 54 [19]

TC: +14.8%; HDL-C: +2.3%; TG: +18%

Glimepiride 4 mg plus 
rosiglitazone 4 mg

-1.3% +6.2% 54 [19]

Lipid profile: TG: +18% [28]

Glimepiride 4 mg plus 
rosiglitazone 4 mg

       -1.3%      +6.2% -3.19% -5.4% 54

BMI: Body mass index; DBP: Diastolic blood pressure; Fg: Fibrinogen; HDL-C: High-density lipoprotein cholesterol; PAI: Plasminogen activator 
inhibitor; SBP: Systolic blood pressure; TC: Total cholestrol; TG: Triglyceride; tPA: Tissue polypeptide antigen.
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Conclusions
To date, the fixed dose of rosiglitazone and
glimepiride is indicated in patients with Type 2
diabetes mellitus who are already being treated
with a combination of rosiglitazone and SU or
who are not adequately controlled on a SU
alone, or for those patients who require addi-
tional glycemic control after an initial success
with rosiglitazone alone. 

Management of Type 2 diabetes mellitus should
include adequate control of lifestyle [3]. Prior to ini-
tiation of the fixed-dose combination of rosiglita-
zone and SU (fixed combination of glimepiride
and rosiglitazone), an appropriate screening of sec-
ondary causes of poor glycemic control should be
investigated and treated properly.

The fixed combination of glimepiride and ros-
iglitazone is available for oral administration con-
taining a fixed dose of rosiglitazone 4 mg with
variable doses of glimepiride (1, 2 or 4 mg) in a
single tablet formulation. The fixed combination
of glimepiride and rosiglitazone should be admin-
istered once daily with the first meal of the day
and dosage should be adapted to singular necessi-
ties in order to obtain optimal glycemic control
and the lowest incidence of adverse events, partic-
ularly sever hypoglycemia and heart failure. The
maximum recommended dose is rosiglitazone
8 mg and glimepiride 4 mg. For patients inade-
quately controlled with SU alone, or who had ini-
tially responded to rosiglitazone and require a
better glycemic control, recommended starting
dose is 4/1 mg (starting dose absolutely recom-
mended in elderly, debilitated and in case of renal,
hepatic or adrenal insufficiency) or 4/2 mg. Titra-
tion may be performed in those patients who
present with impaired physical conditions. When
switching to combination therapy from rosiglita-
zone plus glimepiride as separate tablets, the usual
starting dose of fixed combination of glimepiride
and rosiglitazone is the dose of rosiglitazone and
glimepiride already being taken. Sufficient time
should be given to assess the adequacy of the ther-
apeutic response. If hypoglycemia occurs during
the titration, the dose of glimepiride may be
reduced [101]. 

More clinical trials are awaited in order to
assess the efficacy and real tolerability of the fixed
combination of glimepiride and rosiglitazone. 

Based on the available data, it is appropriate
to conclude that the fixed combination of
glimepiride and rosiglitazone is a promising
combination treatment useful to improve glyc-
emic control in Type 2 diabetes. Rosiglitazone is
an innovative molecule that has demonstrated

efficacy in glycemic control and offers major
possibilities to obtain the recommended targets
in Type 2 diabetic subjects. Moreover, efficacy
goes beyond the positive effect on glycemic
metabolism. Rosiglitazone has demonstrated
activity to the different components of the met-
abolic syndrome and in preventing progression
from conditions of glucose intolerance of Type 2
diabetes mellitus [39,40]. Moreover, particular
attention must be paid to the potential contri-
bution of rosiglitazone in blood pressure control
in diabetic patients, particularly in association
with glimepiride [27]. Glimepiride is employed
largely in clinical practice owing to its good effi-
cacy and relative safety profile. Extensive experi-
ence makes this molecule the first choice for
those patients who do not present with
increased body mass index and are known to
have decreased insulin secretion [41]. Experience
with combination therapy has provided substan-
tially good results in terms of efficacy and toler-
ability and is a useful therapeutic strategy in
clinical practice. Moreover, the availability of a
new formulation combining a fixed dose of a
secretagogue and an insulin sensitizer is helpful
for those patients who show minimal compli-
ance to oral drugs. In fact, patients with Type 2
diabetes frequently experience the need to
assume a multidrug regimen in order to control
the different disorders accompanying diabetes
mellitus [42]. 

The possibility of preserving the β-cell func-
tion throughout the insulin-sensitizing regimen
allows a longer control of hyperglycemia without
exogenous insulin employment; concurrently,
SU provides earlier control of glycemia, thus
avoiding the time required to observe the first
signs of rosiglitazone activity (which generally
requires nearly 15 days to be manifested) [43]. 

Five-year view 
Emerging evidences stress the necessity of form-
ing strict conditions when defining the optimal
diabetes management. 

TZDs represent a new strategy to obtain opti-
mal metabolic control and are the first molecules
acting directly on the cellular nucleus. The effec-
tiveness of these compounds, in addition to
other oral antidiabetic agents, is established,
although more data are required to better assess
the different applications of TZDs beyond their
use in glucose metabolism control. One of the
more interesting research fields is the relation-
ship between different pharmacological classes
acting on similar substrates: an example is the
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overlapping effects of fibrates and TZDs on lipid
profiles, which suggests the existence of strictly
related mechanisms at the core of metabolic and
CV disorders. The potential benefit of the asso-
ciation of rosiglitazone and glimepiride in a
combined fixed dose in patients with Type 2 dia-
betes and mild to moderate renal impairment is
an encouraging strategy of pharmacological
treatment in subjects not yet compromised
enough to be shifted to insulin treatment, but
with initial complications.

Many new molecules for Type 2 diabetes melli-
tus are in development in order to achieve treat-
ment goals earlier in the natural history of the
disorder and to maintain a longer glycemic con-
trol and reduce adverse effects that frequently lead
to a shift to insulin treatment. Exenatide is an
incretin mimetic extracted from the Gila monster
(a lizard living in the USA). Exenatide stimulates
insulin release from β-cells and reduces glucagon
concentration in the postprandial state, slowing
gastric emptying. It has been approved by the

US FDA for those diabetic patients who do not
achieve a good glycemic control with metformin
alone or metformin plus an SU. It is not approved
in association with insulin treatment and may
cause hypoglycemia, vomitus and nausea, less fre-
quently diarrhea, but not weight gain. Exenatide
offers a wide range of beneficial glucoregulatory
effects, including enhancement of glucose-
dependent insulin secretion, restoration of first-
phase insulin response, suppression of inappro-
priately elevated glucagon secretion, slowing of
gastric emptying and reduction of food intake
[44]. Pramlintide is a synthetic analog of human
amilyn (produced by β-cells together with insu-
lin). It has been approved by the FDA when insu-
lin treatment is not sufficient. Pramlintide slows
gastric emptying, suppresses glucagon postpran-
dial production and gluconeogenesis in the liver
and reduces the appetite. It shows the same side
effects as exenatide but provokes headache. It
does not cause weight gain and may induce
hypoglycemia in monotherapy [45,46].

Highlights

• At present, available oral antidiabetic drugs in the market are not sufficient to provide long-term control of hyperglycemia when 
used as monotherapy.

• New potent drugs, acting on different metabolic disorders present in diabetes, are required to obtain the standards recommended.
• Glimepiride has shown strong efficacy in lowering HbA1c values in a relatively short time, although it does not modify insulin 

sensitivity, which plays an important role in Type 2 diabetes pathogenesis and influences the other metabolic abnormalities 
of diabetes.

• Rosiglitazone has shown efficacy in reducing hyperglycemia and improving insulin sensitivity, thus positively affecting other 
cardiovascular risk factors often associated with diabetes (blood pressure and lipid profile). The combination of rosiglitazone and 
glimepiride has demonstrated a better glycemic control, without increasing the number of side effects.

• Comorbidity in Type 2 diabetes determines the necessity to employ a number of drugs: this decreases patient adherence to 
therapy regimen. A fixed-dose compound improves patient compliance to treatment.

• Even if more studies are required, the fixed combination of glimepiride and rosiglitazone is a promising treatment option for 
diabetic patients who are not well controlled by monotherapy or need a more complete treatment affecting different mechanisms 
employed in the pathogenesis of diabetes.
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