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Introduction: The prevalence of type 2 diabetes mellitus (T2DM) is increasing

worldwide. Concerns in the management of diabetes include drug-induced

hypoglycemia, poor control of postprandial blood glucose level and weight

gain. A carbohydrate-rich diet can cause more load on the intestinal cells

producing a-glucosidase. Many patients need combination treatment based

on their level of glycemic control and other associated parameters. In such

cases, a therapy that provides effective glycemic control with minimal or no

risk of adverse events like hypoglycemia or weight gain is highly desired.

The chances of cardiovascular events are high in diabetes patients; hence,

medicines providing benefits beyond glycemic control such as reduced

cardiovascular risk factors may be ideal in such patients.

Areas covered: Current available data are related to the rationale and

clinical trials on the fixed-dose combination of acarbose plus metformin in

management of type 2 diabetes.

Expert opinion: Combination therapy is routinely prescribed in the manage-

ment of T2DM. Drugs with complimentary mechanisms should be used to

maximize the efficacy of combination therapy. The combination of metformin

and acarbose is a rational therapy because of their different and complimen-

tary mechanisms of action, which provides effective glycemic control with

additional cardiovascular benefits and minimizes adverse events.

Keywords: acarbose, efficacy, fixed-dose combination, metformin, pharmacotherapy,

tolerability
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1. Introduction

Diabetes mellitus is a growing concern across the world, including in India. In
type 2 diabetes mellitus (T2DM), when lifestyle interventions alone are not
effective, pharmacotherapy is started [1]. American Association of Clinical Endocri-
nologists (AACE) consensus statement recommends treatment with single drug in
addition to therapeutic lifestyle changes for the recent onset of T2DM or mild
hyperglycemia, that is, glycosylated hemoglobin (HbA1c) < 7.5%. Metformin as a
first-line treatment offers advantages of less hypoglycemia, modest weight loss and
long-term effect on blood glucose with remarkable cardiovascular safety. Patients
with inadequate control of target HbA1c level with metformin monotherapy and
those presenting with HbA1c > 7.5% need add-on agent to metformin [2]. Similarly,
Korean Diabetes Association treatment guidelines for diabetes recommends oral
hypoglycemic combination therapy for HbA1c between 8 and 10% [3]. The early
use of combination is being practiced by Indian physicians for > 40 years [4]. For
combination therapy, drugs with complementary mechanisms of action should be
used [5].
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2. Body of review

2.1 Overview of the market
Management of T2DM involves a multidimensional approach
to improve metabolic control, reduce blood glucose and
modify factors known to damage blood vessels. The U.K. Pro-
spective Diabetes Study found that ~ 50% of patients needed
> 1 pharmacological agent after 3 years of treatment because
monotherapy did not achieve HbA1c target values [6]. Twelve
drug classes are currently available for the treatment of
T2DM [2,7]. Some oral agents work by primarily reducing fast-
ing blood glucose (FBG), whereas few by primarily reducing
postprandial blood glucose (PPG). The International Diabetes
Federation (IDF) recommends targeting both PPG and FBG as
an important strategy for achieving optimal glycemic control [8],
whereas AACE recommends the use of drugs with complemen-
tary mode of action [2]. Availability, approved indications and
clinical usage of drugs vary from country to country. For exam-
ple, alfa-glucosidase inhibitors are widely used in Asia, whereas
metformin is ubiquitously used elsewhere in the world. In addi-
tion, with favorable results on glycemic control, low risk of
hypoglycemia, and body weight and reduction in risk for car-
diovascular events, (Box 1) acarbose and metformin provide a
good option for combination therapy.

2.2 Introduction to the compound
2.2.1 Acarbose
Acarbose, a-glucosidase inhibitor, is effective as a first-line
drug in T2DM patients in whom blood glucose is not
controlled by diet alone [9].

Acarbose augments release of glucagon-like peptide
(GLP-1), by retarding/inhibiting carbohydrate absorption
(Figure 1) [10] and increases GLP-1 activity [11].

It also has beneficial cardiovascular effects like reduction in
blood pressure, improved triglyceride level and the downregu-
lation of biomarkers of low-grade inflammation. Acarbose
intake is associated with reduction of cardiovascular events
and has a beneficial effect on weight [12]. It provides short-
term benefits by reducing blood glucose level and in the
long term by reducing HbA1c levels, with higher benefits
on early initiation in the course of disease. Beneficial effects
are also seen on postprandial triglyceride levels, elevated cho-
lesterol, hyperinsulinemia [6] and postprandial hyperglycemia.

A meta-analysis of seven placebo-controlled clinical studies
in T2DM patients with a minimum treatment duration of
52 weeks involving 1248 patients in acarbose group versus
932 patients in placebo group demonstrated that acarbose
can prevent myocardial infarction and cardiovascular events.
The benefit could have been due to the reduction of

Box 1. Drug summary.

Drug name (generic) Acarbose plus metformin combination
Phase (for indication under discussion) Marketed
Indication (specific to discussion) Type 2 diabetes mellitus
Pharmacology description/mechanism of action Metformin primarily controls fasting blood glucose, while acarbose controls

postprandial blood glucose level
Route of administration Oral
Chemical structures Metformin
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postprandial hyperglycemia and improvement in the other
parameters of the metabolic syndrome [13].

Acarbose is superior to metformin in improving lipid levels.
In a comparative study, increase in low-density lipoprotein/
high-density lipoprotein (LDL/HDL) ratio by 14.4% was
seen in the placebo group, use of acarbose resulted in reduc-
tion by 26.7%, while no effect was seen with metformin [14].

Initially, acarbose use may be associated with adverse events
due to its local effect on the gastrointestinal tract; however,
these effects last for short term and reduce over time. Impor-
tantly, it is devoid of systemic toxicity and does not cause
hypoglycemia or weight gain [9].

Acarbose was launched worldwide for the treatment of
T2DM as monotherapy and combination therapy in 1990. It
was first approved as a diabetes prevention therapy (impaired
glucose tolerance) in China in 2002 and India in 2006 [15].
Acarbose is currently approved for treatment of impaired
glucose tolerance/prevention of diabetes in 25 countries [12].

2.2.2 Metformin
Metformin is an old [16] and established first-line anti-diabetic
medicine for the management of T2DM [17]. Therapeutic
benefits, including glycemic control, effects on endothelial
dysfunction, hemostasis, oxidative stress, insulin resistance,
fat redistribution, reduced LDL and triglyceride contributing
to better cardiovascular outcomes and safety advantages like
minimal risk of hypoglycemia and rare drug interactions
make metformin the best treatment for T2DM [16].

Metformin provides beneficial effects on lipid metabolism
and insulin resistance. It improves changes in coagulation and
fibrinolytic pathways in patients having insulin resistance [18].
United Kingdom prospective diabetes study 35 results have
shown that the risk for cardiovascular disease events, stroke
and all-cause mortality was closely linked to glycemic control
in diabetes. Every reduction of 1% HbA1c was associated
with benefits, including reduction in diabetes-related mortality,

myocardial infarction, heart failure and stroke. Despite equal
reduction in HbA1c, metformin was more effective than
sulfonylurea or insulin in reducing diabetes-related efficacy
parameters, all-cause mortality and stroke [19].

Elevated plasma GLP-1 levels are seen in diabetic patients
who are on chronic metformin therapy. Metformin does not
cause weight gain [20]. As a first-line therapy, risk of death in
patients receiving metformin is significantly less compared
to those receiving sulfonylurea [21]. Type 2 diabetes patients
have increased risk of various cancers. Reduced incidence
of different cancers and cancer-related mortality has been
reported in patients receiving metformin [16].

2.2.3 Rationale of combination of acarbose plus

metformin
Metformin and a-glucosidase inhibitors (e.g., acarbose) are
recommended as the first-line treatment either as monother-
apy or in combination therapy, in case one of the agents fails
to control glycemia [22].

Acarbose retards the digestion and absorption of carbohy-
drates by inhibiting a-glucosidase enzyme, and reduces
postprandial hyperglycemia without risk of hypoglycemia,
which is an important feature in early diabetes [23,24].

Metformin, a biguanide, acts by different mechanisms com-
pared to other agents. Metformin increases insulin sensitivity,
improves peripheral uptake of glucose and reduces hepatic
glucose output. It reduces blood glucose level without weight
gain and has minimal risk of hypoglycemia [25].

Many striking similarities between two molecules, including
oral use, administration with meals, insulin sparing action,
proven cardiovascular safety, beneficial effect on body weight
and low risk of hypoglycemia make this combination
justified [26].

Patients presenting with HbA1c > 7.5% need add-on agent
to metformin. Similarly, patients who are not able to control
HbA1c target with metformin alone should be given

Without acarbose
GLP-1

GLP-1

Increases GLP-1

Length = amount of carbohydrate
absorption

Upper small intestine Large
intestine

Lower small intestine
(L cell)

With acarbose

GLP-1 secretion in the presence and assence of acarbose

Stomach

Figure 1. Effect of acarbose on GLP-1.
GLP-1: Glucagon-like peptide.

Acarbose plus metformin combination
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combination treatment [2]. T2DM patients may spend > 50%
of time in the postprandial state. High carbohydrate in the
diet causes more exposure of carbohydrates to the L-cell of
the intestine and intestinal brush border, which synthesizes
GLP-1. Because of these pathophysiological mechanisms,
special measures for management of glucose excursions are
required in Indian patients [11].

2.2.4 Fixed-dose combinations in diabetes mellitus
Diabetes being a chronic, complex and progressive disease
may need complex treatments as the treatment progress.
Reducing number of tablets to be taken per day provides an
opportunity for better glycemic control. Rational fixed-dose
combination (FDC) could be of use in this regard [27].
FDCs have the potential to increase treatment adherence

because of reduced pill burden. Improved compliance can
result in better glycemic control and less disease management
costs. Availability of FDC in different dose--strength formula-
tion also offers an added advantage of dose flexibility [5].

2.3 Chemistry
Chemical structure of acarbose and metformin is given in
Figures 2 and 3.

2.4 Pharmacodynamics
The mechanisms of action of metformin and acarbose are
different and complimentary that is, metformin primarily
controls FBG, while acarbose controls PPG levels [28].
(Figure 4) Thus, the combination of acarbose and metformin

is beneficial in providing better efficacy than monotherapy
without risk of side effects.

2.5 Pharmacokinetics and metabolism
Bioequivalence of the acarbose--metformin 50/500 mg FDC
versus loose combination of acarbose and metformin
500 mg: Bioequivalence is usually evaluated by pharmacoki-
netic comparisons. However, in case of acarbose it is difficult
because of its poor absorption. Hence, pharmacodynamic
parameters like plasma levels of glucose and insulin after
sucrose test are commonly used methods for establishing
bioequivalence. A randomized, non-blinded single-dose,
four-way crossover study in 40 healthy male volunteers
between 18 and 45 years has demonstrated bioequivalence
between acarbose metformin FDC and loose combination
of 50 mg acarbose and 500 mg metformin. No drug interac-
tions on glucose absorption were seen when acarbose and
metformin were given simultaneously. A slight but clinically
non-relevant decrease in metformin bioavailability was
seen [29].

2.6 Clinical efficacy
2.6.1 a-glucosidase inhibitor as an add-on treatment
Chiasson et al. [30] showed that acarbose improves long-term
glycemic control in T2DM regardless of other concomitant
anti-diabetic drug therapy. In this study, acarbose or placebo
was added to the existing regimen, which included either
diet alone, diet and metformin, diet and sulfonylurea, or
diet and insulin. These results show beneficial effects with
acarbose as an add-on treatment to existing therapy. The
addition resulted in significant improvement in glycemic
control. Because of different mechanism of action from other
classes of drugs, acarbose is a suitable add-on option to
sulfonylurea, metformin or insulin [30].

The summary of studies with combination of acarbose and
metformin in T2DM patients is given in Table 1.

2.6.2 Free-dose combination
Rosenstock et al. [31] demonstrated that the addition of
acarbose to metformin in T2DM patients inadequately con-
trolled with diet and metformin is safe and well tolerated.
The combination is effective in reducing HbA1c and fasting
and PPG levels.

Halimi et al. [32] conducted a double-blind, placebo-
controlled, randomized, parallel-group study wherein acar-
bose was given to overweight patients with inadequate control
on metformin monotherapy. In this 6-month study, acarbose
was found to be significantly effective in controlling glycemic
parameters (HbA1c, FBG and PPG level). Acarbose is useful
add-on therapy in overweight patients with uncontrolled
blood glucose with metformin monotherapy.

Similarly, Phillips et al. [33] also evaluated the efficacy and
safety of add-on acarbose or placebo to metformin in over-
weight T2DM uncontrolled on metformin monotherapy in
a randomized, double-blind, placebo-controlled, parallel
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group study for 24 weeks. Acarbose was significantly effective
in reducing FBG and PPG levels. Significantly higher number
of patients were classified as responders with acarbose
compared with placebo (47 vs. 14%, p = 0.001).

A recently published study [34] from India evaluated the effi-
cacy and tolerability of acarbose as add-on or monotherapy in
T2DM. Out of 1996 patients, 44.2% received acarbose
monotherapy, while the remaining received combination ther-
apies. Combination of acarbose and biguanides were received
by 20.7%. Acarbose reduced FBG as well as PPG and
HbA1c level. Use of acarbose resulted in mean decrease in
weight by 1.4 kg, while the waist circumference reduced by
1.6 cm. The incidence of adverse events was 2.74%, while
drug-related adverse events were seen in only 2.19%. Close
to 20% of the study population also received biguanides,
mostly metformin. Though the study did not analyze the

effect of metformin plus acarbose combination separately,
reviewing the results of the total study population, it could
be concluded that the combination of metformin plus
acarbose was effective and well tolerated. Subgroup analysis
may provide more results about safety and effectiveness of
the combination.

An analysis of 27 randomized controlled clinical trials
involving 1198 patients showed addition of all noninsulin
anti-diabetic drugs to metformin therapy, resulted in similar
reduction in HbA1c. However, there was difference in weight
gain and risk of hypoglycemia. Thiazolidinediones, sulfony-
lureas and glinides were associated with weight gain, while
sulfonylurea and glinides use was associated with increased
risk of hypoglycemia. a-glucosidase inhibitors were associated
with no change in weight and was not associated with
increased risk of hypoglycemia [35].

Liver

Intestine Carbohydrates

Acarbose
Glucose production

Glucose utilization
Skeletal
muscle

Metformin Blood vessel

Figure 4. Complimentary and distinct mechanism of action of acarbose and metformin.

Table 1. Studies with combination of acarbose and metformin.

Author Number of

patients

Interventions Patient population

Rosenstock et al. (1988) [31] 168 Acarbose and metformin or placebo and
metformin

Patients inadequately controlled on
metformin, HbA1c between 7 and 10%

Phillips et al. (2003) [33] 82 Acarbose or placebo as add-on therapy to
metformin

Overweight type 2 patients inadequately
controlled with metformin

Halimi et al. (2000) [32] 152 Addition of acarbose or placebo to
metformin

Overweight patients inadequately
controlled with metformin

Jayaram et al. (2010) [28] 229 Fixed-dose combination of acarbose and
metformin versus metformin alone

Drug naive type 2 diabetes with
BMI > 25 kg/m2; HbA1c between 7.5 and
10% at screening, those on acarbose and
required metformin or those on
metformin requiring acarbose

Wang et al. (2013) [37] 233 Fixed-dose combination of acarbose and
metformin versus acarbose alone

Type 2 diabetes patients with
BMI < 35 kg/m2, with HbA1c between
7and 10% within 3 months prior to study

BMI: Body mass index; HbA1c: Glycosylated hemoglobin.

Acarbose plus metformin combination
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Patient compliance is an important aspect of diabetes
management. Patients on monotherapy requiring an addi-
tional therapy show significantly better adherence when they
are switched to FDC compared with free-dose combination
therapy [36]. Hence a well-studied FDC if available; it will
be a welcome option for the patients requiring treatment
with acarbose and metformin.
The efficacy and safety of the FDC of acarbose plus metfor-

min monotherapy have been evaluated in two comparative
studies.

2.6.3 Studies with FDC
FDC of acarbose plus metformin and metformin monother-
apy were significantly effective in reducing FBG and PPG
and HbA1c in Indian patients [28]. The combination of
acarbose and metformin was more effective in reducing all
three parameters compared to metformin monotherapy. The
study included drug naive adults with T2DM in whom com-
bination of treatment was required for adequate glycemic
control and also patients who were uncontrolled with acar-
bose or metformin monotherapy.
Recently, Wang et al. [37] compared the efficacy and safety

of acarbose plus metformin FDC versus acarbose monother-
apy for 16 weeks in Taiwanese T2DM patients. FDC was
effective in significantly lowering all the glycemic control
parameters that is, HbA1c, FBG and PPG from baseline.

The difference between groups was significant for all parame-
ters favoring FDC therapy (all p < 0.0001).

The large post-marketing study [38] evaluated the safety and
effectiveness of FDC in T2DM under day-to-day real-life con-
ditions in India involving 9364 patients. Mean changes in FBG
(-42.4 mg/dl, CI 95%; 41.73, 43.14), PPG (-80.2 mg/dl,
CI 95%; 79.09, 81.23) and HbA1c (-1.0%. CI
95%; 0.98, 1.02), body weight (-1.7 kg, CI 95%; 1.65, 1.75)
between baseline and 12 weeks were statistically significant
(p < 0.0001 for all). The physician assessment of efficacy was
rated as excellent to good in 89% of patients. The patients
with known history of T2DM and who were newly diagnosed
with T2DM showed similar significant decreased in PPG,
FBG and HbA1c (p < 0.0001).

All studies with acarbose plus metformin therapy resulted
in reduction in HbA1c as shown in figure below (Figure 5).

Similarly, all studies with acarbose plus metformin therapy
resulted in reduction in both FBG and PPG level except one
as shown in Figure 6 [33]. In the Phillips et al. [29] study, the
mean increase in FBG level with placebo was 24.48 mg/dl,
while with acarbose there was only slight increase (1.44 mg/
dl) in FBG. Phillips et al. did not evaluate the change in
PBG level with addition of acarbose or placebo to metformin
therapy.

Combination of acarbose with metformin does not cause
weight gain (Figure 7). In fact, some amount of weight
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Figure 5. Reduction in glycosylated hemoglobin with combination treatment.
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n 233 229 168 152 
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Figure 6. Reduction in fasting and postprandial glucose level with combination treatment.
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Figure 7. Reduction in body weight with combination treatment.
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reduction occurred with this combination, which is beneficial
for obese diabetic patients.

2.7 Safety and tolerability
The safety and tolerability data from published clinical studies
with free-dose combination and FDC and clinical experience
with FDC available in India do not raise any new safety con-
cern. Acarbose and metformin both can cause gastrointestinal
adverse events; however, additive or synergistic gastrointestinal
adverse events do not occur with combination. No significant
difference in the gastrointestinal adverse events was seen
between the FDC of acarbose plus metformin versus metfor-
min alone [28]. The incidence of adverse events was 8.7 and
7.9% in patients receiving FDC and metformin monotherapy,
respectively. All adverse events were gastrointestinal and mild-
to-moderate in nature, which disappeared with continuation of
treatment without any intervention. No patient dropped out
because of adverse events or no hypoglycemic event in the
study reflects the well-tolerated safety profile of combination.
In the Taiwan study [33], both the acarbose monotherapy and
FDC of acarbose and metformin significantly reduced
bodyweight (p < 0.0001). The mean weight reduction with
FDC was 0.6 kg more compared to acarbose monotherapy
(p < 0.01). There were no cases of hypoglycemia reported
with either treatment group. Similar to Indian study, there
was no difference in the incidence of other adverse events
between the groups. Other studies in different populations
have also corroborated the observation [31,32]. Beneficial addi-
tive effects of both the agents are seen on body weight and
triglyceride levels [12]. Only 2.06% patients reported adverse
events in a noninterventional, prospective study, while 1.43%
patients had adverse events related to the study drug [38]. All
three clinical trials have shown that the FDC was well tolerated
without any significant safety issue (Table 2).

2.8 Regulatory affairs
In India, acarbose plus metformin FDC (Glucobay M�, Bayer
Healthcare Pharmaceuticals) has received regulatory approval
in 2009 for the treatment of T2DM, when diet, exercise and
single agent do not result in adequate glycemic control.
Furthermore, in Taiwan this FDC has recently (July 2013)
obtained license. The recommended dosage should be one
tablet (25/50 mg acarbose; 500 mg metformin HCl) given
3 times daily and should be given with the first mouthful of
meal. The daily dosage should be individualized for each
patient on the basis of both effectiveness and tolerance. The
maximum recommended daily dosage is 5 tablets per
day (= 250 mg acarbose; 2500 mg metformin HCl). The com-
bination is contraindicated in chronic intestinal disorders,
renal failure or renal dysfunction (creatinine clearance
< 60 ml/min) and hepatic insufficiency. The package insert
lists other warnings and precautions, including hypoglycemia,
lactic acidosis and liver enzyme monitoring during the first
6 -- 12 months of treatment [15].

3. Conclusion

The combination of acarbose and metformin is well studied
with separate tablets and in a FDC. The combination offers
beneficial effects on glycemic control without additive risk
of gastrointestinal adverse events. FDC is convenient to use
and offers potential for improvement of compliance.

4. Expert opinion

As the diabetes pandemic continues to grow, so does the need
for novel therapeutic regimens and strategies. The develop-
ment of new drugs, however, is constrained by concerns
related to cardiovascular safety, pancreatic safety and other
issues.

Table 2. Safety of acarbose plus metformin fixed-dose combination.

Acarbose Metformin Combination of acarbose plus metformin

Mild-to-moderate gastrointestinal
side effects

Mild-to-moderate gastrointestinal side effects Gastrointestinal adverse effects are not
additive or synergistic

No risk of hypoglycemia Low risk of hypoglycemia No/low risk of hypoglycemia
Beneficial effect on weight Beneficial effect on weight Beneficial effect on weight

Table 3. Place of acarbose plus metformin combination in clinical practice.

International Diabetes Federation 2012

guideline (IDF 2012) [15]

AACE consensus statement (2013) [2]

Monotherapy Generally metformin is first choice Entry HbA1c < 7.5% (metformin is first choice)
Dual therapy
(metformin plus acarbose)

Failure of monotherapy (metformin or acarbose) Entry HbA1c ‡ 7.5%

Three drug combination Unsatisfactory control on dual therapy Entry HbA1c ‡ 9%

AACE: American Association of Clinical Endocrinologists; HbA1c: Glycosylated hemoglobin.
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Existing molecules, with well-proven safety and tolerability
track record, represent an attractive strategy for management
of diabetes. The use of FDC is another method of improving
glucose control by increasing patient acceptability and
adherence.

The combination of metformin and acarbose is a rational
one, based upon a synergistic effect created by complimentary
mechanisms of action, which work on synergy to reduce fast-
ing and postprandial glycemia. Proven efficacy is matched
by safety, tolerability and beneficial effects on cardiovascular
health. Both molecules have demonstrated efficacy in
enhancing GLP-1 levels.

Use of metformin and acarbose combination is bound to
grow in future. Existing guidelines support the use of this
combination as first-line therapy in persons with
HbA1c > 7.5%, and as second-line treatment in persons not
responding to either drug as monotherapy (Table 3). The
proven safety, tolerability and pleiotropic benefits of these

synergistic drugs should encourage earlier, timely use of the
combination. Recent trends toward pharmacotherapy of pre-
diabetes are relevant in the context of this discussion; both
metformin and acarbose are used in the management of pre-
diabetes and their combination may find utility in this indica-
tion, in select individuals.
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