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ABSTRACT

Despite proven lifestyle recommendations and
the availability of a range of oral antidiabetic
agents, many patients with type 2 diabetes fail to
achieve adequate glycemic control. Patients with
poorly controlled type 2 diabetes may be
exposed to considerable complications, including
elevated cardiovascular risk. New therapeutic
strategies have been under investigation to
improve glycemic control and avoid some of the
adverse effects associated with available antidia-
betic agents, most notably weight gain, while
improving cardiovascular health. This review will
discuss incretin mimetics and their potential role
in improving diabetes management. 
(Adv Stud Med. 2008;8(11):387-392)

GLP-1 AND ITS ROLE IN DIABETES THERAPY

Glucagon-like peptide-1 (GLP-1) is secreted in
response to food intake, and usually begins even before
eating due to neurologic cues, such as the look and
smell of the food that is about to be eaten. This secre-
tion of GLP-1 causes an enhancement in glucose-

dependent insulin secretion from β cells, as well as a
suppression of glucagon secretion, which results in
decreased hepatic glucose output.1,2 Research has also
confirmed that GLP-1 reduces the gastric emptying
rate, and investigators predicted that GLP-1 would
have the potential to induce weight loss.3 Exenatide, an
incretin mimetic that is delivered by subcutaneous
injection, acts in a similar manner as GLP-1 and caus-
es glucose-dependent insulin secretion in β cells.
Sulfonylureas cause glucose-dependent insulin secre-
tion by binding to adenosine triphosphate-dependent
potassium channel (KATP) receptors on the β cell,
resulting in a depolarization of the β cell and continu-
ous stimulation of insulin secretion. In contrast, 
GLP-1 acts through a cyclic adenosine monophos-
phate-dependent channel that is independent of the
KATP pathway. This implies that sulfonylurea therapy
and GLP-1 may have an additive effect on insulin
secretion. In fact, as demonstrated in recent clinical
studies, this ongoing stimulation of insulin secretion
with concomitant sulfonylurea therapy and exenatide
can result in hypoglycemia.4,5

Although the combination of exenatide and sul-
fonylurea therapy has been shown to induce hypo-
glycemia, clinical studies have confirmed that the use
of incretin mimetic therapy alone does not cause
hypoglycemia. One study of exenatide infusion
demonstrated a reduction in glucose through an
increase in insulin secretion and glucagon suppression.
As glucose levels returned to a normal range or trend-
ed toward hypoglycemia, insulin secretion stopped
and glucagon levels returned to normal, thus decreas-
ing the risk of hypoglycemia (Figure 1).6 Another
placebo-controlled study induced hypoglycemia in
individuals with the use of a euglycemic clamp, and
found that exenatide administration resulted in a more
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robust glucagon response than placebo.7 These data
suggest that exenatide may enhance the ability to
recover from hypoglycemia, as opposed to sulfo-
nylureas or insulin therapy. 

ENHANCING GLP-1: 
GLP-1 ANALOGUES VERSUS DPP-4 INHIBITORS

Glucagon-like peptide-1 analogues are just one
class of agents that are being investigated for their role
in the enhancement of GLP-1 action. Another class,
known as dipeptidyl peptidase-4 (DPP-4) inhibitors,
increase physiologic levels of GLP-1 by blocking the
DPP-4 enzyme that is responsible for breaking down
GLP-1, as well as other incretins, such as gastric
inhibitory peptide (GIP). The DPP-4 inhibitors
include sitagliptin, which is currently available in the
United States, as well as vildagliptin, saxagliptin, and
alogliptin. All of the DPP-4 inhibitors are oral agents
that increase GLP-1 levels. 

EXENATIDE IN DIABETES

Glucagon-like peptide-1 enhance-
ment with exenatide has demonstrated
multiple beneficial effects in patients
with diabetes. In 3 major pivotal trials,
exenatide effectively reduced glycosylat-
ed hemoglobin (A1c), and resulted in
some degree of weight loss.4,5,8 Although
the weight loss achieved with exenatide
was modest in most cases, these data
demonstrated that unlike other agents
used to improve glycemic control, exe-
natide does not result in weight gain. In
a 3-year extension study of pivotal exe-
natide trials, individuals realized sus-
tained reductions in A1c, 46% of
subjects achieved and maintained the
therapeutic target of A1c of 7% or
lower, and weight loss was progressive
over the course of the study without a
plateau effect.9 Overall, a mean weight
loss of 5.3 kg was achieved from base-
line to the end of the study (P <.0001)
with exenatide. However, clinicians
should note that the patients treated in
this 3-year extension study were follow-
ing on from a randomized trial and dur-
ing that study, those patients who did

not adequately respond to exenatide or did not expe-
rience weight loss may have discontinued the drug.

Recent data presentations confirm the likely bene-
fits of exenatide in diabetes. A pooled analysis com-
paring results from trials of exenatide and insulin
therapy confirmed the findings in direct comparator
trials, including improved glycemic control without a
risk of hypoglycemia.10 Another trial compared the
twice-daily exenatide formulation with an extended-
release once-weekly exenatide formulation (exenatide
long-acting release [LAR]), reporting that exenatide
LAR resulted in a slightly greater drop in A1c.11 It is
unclear whether these findings were related to a greater
potency with exenatide LAR or greater compliance
achieved with once-weekly dosing. 

Exenatide can be associated with several adverse
events. For instance, approximately 40% of subjects
enrolled in pivotal trials with exenatide experienced
nausea, and a small number of these patients had nau-
sea severe enough that they discontinued treatment.

Figure 1. GLP-1 Actions Are Glucose Dependent in Patients with
Type 2 Diabetes

*P <.05.
GLP-1 = glucagon-like peptide-1.
Reprinted with permission from Nauck et al. Diabetologia. 1993;36:741-744.6
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Likewise, another small percentage of patients discon-
tinued treatment in these trials due to vomiting.
Importantly, pancreatitis has been reported with exe-
natide, and has prompted the US Food and Drug
Administration (FDA) to require additional warnings
in the exenatide label. The results from current trials
should further clarify the risk of pancreatitis with exe-
natide therapy.

There have been postmarketing reports of acute pan-
creatitis in individuals receiving exenatide, resulting in
FDA alerts recommending the discontinuation of exe-
natide in patients with symptoms consistent with pan-
creatitis—namely severe persistent abdominal pain, with
or without vomiting—and if pancreatitis is confirmed,
exenatide should not be restarted.12 No patient charac-
teristics have been identified that predict which patients
may be at greater risk of suffering from pancreatitis. 

CHOOSING BETWEEN INSULIN AND EXENATIDE

An important outstanding issue with the introduc-
tion of exenatide has been the most appropriate clinical
setting for the regular use of this agent, and eventually
other incretin mimetics or DPP-4 inhibitors, as opposed
to established oral antidiabetic drugs (OADs).
Obviously, patients with diabetes who do not respond to
OAD therapy now have the choice between initiating
insulin therapy or exenatide, both of which are
administered by injection. A 26-week, open-label
extension study reported by Heine et al found that
both exenatide and insulin glargine, a long-acting
basal insulin analogue, resulted in equivalent glycemic
control as measured by A1c (7.1% and 7.2%, respec-
tively).13 Importantly, the insulin glargine dose used
in this study was lower than doses used in previous
glargine studies, and the insulin glargine regimen
required only 1 daily dose, whereas the exenatide reg-
imen required twice-daily injections. 

Overall, postprandial glucose was lower with exe-
natide therapy, whereas fasting glucose was improved
with insulin glargine. However, changes in weight
differed considerably between treatment groups.
Subjects in the insulin glargine group gained a mean
of 1.8 kg, whereas those receiving exenatide experi-
enced a mean weight loss of 2.3 kg (Figure 2).13 Based
on these findings, it is possible for clinicians to ratio-
nally choose between exenatide and insulin therapy as
they balance between their desire to impact fasting
glucose, postprandial glucose, and weight.

NEW INCRETIN MIMETIC OPTIONS

In addition to exenatide, new incretin mimetic
agents that have the potential to impact diabetes care
are under development. As mentioned previously, an
extended-release version of exenatide, exenatide LAR,
is under development and will allow for once-weekly
injectable dosing due to a long half-life. Liraglutide,
another GLP-1 analogue, is also being investigated in
the Liraglutide Effect and Action in Diabetes (LEAD)
series of clinical trials, which has been comparing the
effects of liraglutide with those achieved with standard
OAD therapy in patients with type 2 diabetes who are
inadequately controlled on standard therapy.14-19

Similar to detemir insulin, a long-acting basal insulin
analogue derived from recombinant human DNA that
is bound to albumin to extend its half-life, liraglutide
consists of human GLP-1 that is bound to albumin,
resulting in a prolonged half-life. Unlike exenatide, the
extended half-life of liraglutide allows for effective
once-daily dosing.

Analyses comparing the actions of exenatide and
liraglutide in patients with diabetes have reported a
great deal of similarity in the action of the 2 drugs.
Importantly, both agents resulted in reduced post-
prandial glucose and weight loss, without a risk of

Figure 2. Changes in Body Weight

*P <.0001 compared with insulin glargine measure at the same time point.
Reprinted with permission from Heine et al. Ann Intern Med. 2005;143:559-569.13
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hypoglycemia when used as monotherapy.15 A trial
with exenatide LAR likewise revealed similar find-
ings.20 In addition, GLP-1 analogues, including exe-
natide and liraglutide, also may offer benefits beyond
glycemic control by attenuating important cardiovas-
cular risk factors in patients with diabetes.21 Ongoing
studies continue to probe the effects of GLP-1 on the
heart and vasculature, which is known to have GLP-1
receptors. 

In contrast to exenatide therapy, both exenatide
LAR and liraglutide resulted in lower rates of nausea,
which could be the result of a pharmacokinetic effect
with these extended-release agents, because lower drug
levels are needed than with twice-daily exenatide due
to the shorter half-life. Exenatide does result in a high-
er level of antibody production than liraglutide,20 pos-
sibly because liraglutide is derived from a human
version of GLP-1.

Liraglutide monotherapy has also demonstrated
the ability to improve A1c and postprandial glucose, in
addition to fasting glucose, possibly due to the long
half-life of the drug. Meanwhile, a 15-week trial of
exenatide LAR also demonstrated effective A1c reduc-
tion, but only those receiving the higher dose of the
drug experienced meaningful weight loss. However,
the brief duration of this study may have limited the
ability to demonstrate an impact on weight with the
lower dose. Liraglutide has also been compared with
OAD therapy, including glimepiride, and in combina-
tion with metformin. Overall, liraglutide has demon-
strated a dose-dependent drop in A1c, which is most
pronounced with doses of once-daily liraglutide 1.8
mg. Liraglutide has demonstrated a reasonable degree
of weight loss, low rates of hypoglycemia, and lower
rates of nausea when compared with findings from
exenatide trials.22

Liraglutide has also been compared with insulin
glargine. Similar to previous trials comparing liraglu-
tide with insulin glargine, liraglutide therapy resulted
in effective reductions in A1c and modest weight loss,
whereas insulin glargine caused modest weight gain.23

CLINICAL BENEFITS OF DPP-4 INHIBITORS

As mentioned previously, DPP-4 inhibition results
in greater physiologic levels of GLP-1, in addition to
GIP. These circulating peptides act on both α cells and
β cells, resulting in increased insulin, decreased
glucagon, and improved glycemic control. In one

study of the DPP-4 inhibitor sitagliptin along with
metformin as first-line therapy in patients with type 2
diabetes, the combination regimen resulted in effective
reductions in A1c, suggesting the possibility of a syn-
ergistic effect between sitagliptin and metformin.24

Researchers have demonstrated that metformin inde-
pendently increases GLP-1, and although some initial-
ly thought that this was due to DPP-4 inhibition with
metformin, it has been confirmed that metformin
actually stimulates GLP-1 secretion in the gut. With
the addition of a DPP-4 inhibitor such as sitagliptin,
this effect is prolonged. 

In another 24-week, randomized, placebo-con-
trolled study, sitagliptin 100-mg daily therapy in
patients receiving ongoing pioglitazone resulted in a
mean reduction in A1c of 0.7% (P <.001). The per-
centage of individuals reaching the target A1c of 7% or
lower was 45.4% and 23% in those receiving
sitagliptin and placebo, respectively.25 When evaluating
the available data with sitagliptin as a whole,
sitagliptin therapy, either alone or in combination
with other antidiabetic agents, results in a mean A1c
reduction of approximately 0.7%. Unlike GLP-1 ana-
logues, sitagliptin has demonstrated a weight-neutral
effect, with less than 1-kg weight loss, on average.22

In addition to sitagliptin, other DPP-4 inhibitors
are under development. In one brief, 12-week study of
saxagliptin monotherapy in patients with type 2 dia-
betes, A1c was reduced by up to 0.9%.26 Vildagliptin
has also been studied in the clinical setting, demon-
strating an effective reduction in postprandial glu-
cose.27 In patients failing to achieve effective glycemic
control with the combination of metformin and
rosiglitazone, the addition of sitagliptin has been
shown to reduce A1c by approximately 0.9%.28

For patients already receiving insulin for diabetes
and who have failed to achieve effective glycemic con-
trol, GLP-1 analogues or DPP-4 inhibitors may like-
wise play a role in helping many patients reach their
therapeutic goals. Preliminary data have demonstrated
that vildagliptin, in combination with insulin,
improved A1c in poorly controlled patients while
reducing the rate of confirmed hypoglycemia (Figure
3).29 However, it should be noted that the use of
incretin mimetics or DPP-4 inhibitors in addition to
insulin is not an FDA-approved therapeutic option
due to the lack of high-quality data in this setting.

Adverse events most commonly reported with
DPP-4 inhibitors have included nasal pharyngitis and
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urinary tract infections. Although these events have
not occurred at excessive rates, these findings suggest a
possible effect on the immune system that needs to be
evaluated in long-term studies.

CONCLUSIONS

A wealth of data are available that demonstrate
the benefits of incretin mimetics in improving
glycemic control. Both GLP-1 analogues and DPP-
4 inhibitors have been shown to improve glycemic
control by stimulating insulin secretion and sup-
pressing glucagon, and GLP-1 analogues also
achieve effective postprandial glycemic control.
Although DPP-4 inhibitors are generally weight
neutral, GLP-1 analogues are associated with weight
loss, which may contribute to improvements in car-
diovascular risk markers that have been reported in
clinical trials. Although incretin mimetics may rep-
resent a promising alternative to other antidiabetic
agents in individuals who fail to achieve glycemic
control, the long-term safety of these agents still
remains to be established, and clinicians should care-
fully weigh the risks and benefits of switching thera-
py in patients responding well to current
antidiabetic regimens.
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Figure 3. Vildagliptin + Insulin Improves Glycemic Control and
Reduces Hypoglycemia Over 24 Weeks

*P <.001.
Patients randomized to sitagliptin received 50 mg twice daily.
A1c = glycosylated hemoglobin.
Reprinted with permission from Fonseca et al. Diabetologia. 2007;50:1148-1155.29
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