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2 diabetes are progressively increas-

ing because of a concomitant rise in
the prevalence of obesity. Intentional
weight loss in patients with type 2 di-
abetes has been associated with a 25%
reduction in total mortality and a 28%
reduction in cardiovascular disease and
diabetes mortality (1).

Weight gain is not only a risk factor
for development of type 2 diabetes, but it
is also the undesirable feature of several
current antidiabetic treatments such as
thiazolidinediones, sulfonylureas, and in-
sulin, with an estimated 2-kg weight gain
forevery 1% decrease in HbA;. (2,3). Rea-
sons for this include defensive snacking to
treat or prevent hypoglycemia, decreased
glucosuria, decreased basal metabolic
rate, and expansion in adipose tissue
and fluid retention.

Recently, novel therapeutic agents
were developed for the treatment of type
2 diabetes. Among these are the incretin-
based therapies, which include glucagon-
like peptide (GLP)-1 receptor agonists
and inhibitors of the protease dipeptidyl
peptidase (DPP)-4. Both classes of drugs
use the antidiabetic properties of GLP-1,
an incretin hormone that potentiates in-
sulin secretion in a glucose-dependent
manner (4). In addition, GLP-1 exerts
many beneficial effects on pancreatic islet
function, including stimulation of (pro)-
insulin biosynthesis, reduction in B-cell
apoptosis induced by toxic agents, and
suppression of glucagon release from the

The prevalence and incidence of type

a-cells, resulting in reduced hepatic glu-
cose output (5). GLP-1 also decreases the
rate of gastric emptying, which slows the
entry of nutrients into the circulation after
meals, reduces appetite, and promotes sa-
tiety, leading to weight loss upon chronic
exposure (6). However, GLP-1 has a short
half-life (~1-2 min), since it is rapidly de-
graded through NH,-terminal cleavage by
the protease DPP-4; therefore, a continu-
ous infusion would be required to achieve a
clinical effect in diabetic patients (7). Two
approaches were used to overcome these
limitations: 1) GLP-1 receptor agonists
(“incretin mimetics”) with longer half-life
and 2) DPP-4 inhibitors (“incretin enhanc-
ers”) blocking GLP-1 degradation and
thus preserving the endogenous secreted
hormone. Among these, sitagliptin and
saxagliptin were already approved for treat-
ment by the U.S. Food and Drug Admin-
istration and European Medicines Agency
(EMEA), and vildagliptin was approved
for treatment by EMEA.

At variance with DPP-4 inhibitors,
GLP-1 receptor agonists provide a phar-
macological dose of a GLP-1 mimetic,
designed to resist degradation. Among
these, exenatide and liraglutide have been
approved for treatment by the U.S. Food
and Drug Administration and EMEA.
Although GLP-1 receptor agonists and
DPP-4 inhibitors are both related to anti-
diabetic properties of incretins, they rep-
resent different approaches to type 2
diabetes therapy. In this article, we will
discuss their clinical value, with special
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focus on their effect on body weight and
cardiovascular risk factors.

GLP-1 AGONISTS

Exenatide

Exenatide was the first GLP-1 receptor
agonist approved by regulatory agencies
for human clinical use. Exenatide is a
synthetic form of the naturally occurring
peptide found in the saliva of the Gila
monster (Heloderma suspectum). It has
53% amino acid homology to human
GLP-1 and is a potent agonist of human
GLP-1 receptor. Because exenatide con-
tains a glycine residue at position 2, it is
less susceptible to DPP-4 degradation
than the native molecule and is suitable
for twice-daily dosing.

In a 24-week study carried out in 232
antidiabetic drug-naive patients with type
2 diabetes, twice-daily exenatide mono-
therapy was associated with a significant
reduction in glycosylated hemoglobin
(HbA,0) (8). At the end of the study, the
changes from baseline HbA;. were —0.7%
in the exenatide 5-pg group (P = 0.003)
and —0.9% (0.1%) in the exenatide 10-pg
group (P < 0.001), compared with —0.2%
with placebo. The improvement in HbA, .
was associated with a significant decrease
in body weight in both groups treated with
exenatide. Weight changes from baseline
were —2.8 kg in the exenatide 5-ug group
(P =0.004) and —3.1 kg in the exenatide
10-pg group (P < 0.001) compared with
—1.4 kg with placebo. Mean systolic blood
pressure (SBP) decreased from baseline by
—3.7 mmHg in both 5- and 10-p.g exena-
tide groups (both P = 0.037) compared
with —0.3 mmHg with placebo. Mean di-
astolic blood pressure (DBP) decreased
from baseline by —0.8 mmHg in the exe-
natide 5-pg group (P = NS) and —2.3
mmHg in the exenatide 10-pg group (P =
0.046) compared with —0.3 mmHg with
placebo. Changes in fasting total choles-
terol, HDL cholesterol, and LDL cholesterol
from baseline were not significantly differ-
ent between the exenatide 5- and 10-ug
groups and the placebo group.

Three phase III clinical trials, each of
30 weeks’ duration, have examined the
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effect of exenatide on glycemic control
in patients inadequately controlled with
maximally effective doses of sulfonylurea
monotherapy, metformin monotherapy,
or sulfonylurea + metformin combination
therapy (9-11). In patients on background
metformin monotherapy, the reduction in
HbA;. from baseline was —0.78, —0.40,
and —0.08% for patients treated with
10 g exenatide, 5 ng exenatide, and pla-
cebo, respectively (P < 0.002) (9). During
the study, patients treated with exenatide
exhibited progressive weight loss regard-
less of baseline BMI. The reduction in body
weight from baseline was —2.8 kg (P <
0.001 vs. placebo), —1.6 kg (P < 0.05 vs.
placebo), and —0.3 kg for patients treated
with 10 pg exenatide, 5 g exenatide,
and placebo, respectively. No changes
in plasma lipids, heart rate, blood pres-
sure, or electrocardiogram variables were
observed between treatment groups. In
patients on background sulfonylurea
monotherapy, the reduction in HbA;,
from baseline was —0.86, —0.46, and
—0.12% for patients treated with 10 g
exenatide, 5 pg exenatide, and placebo,
respectively (P < 0.001) (10). Patients
treated with 10 pg exenatide showed a
progressive weight reduction with an
end-of-study loss of —1.6 kg from base-
line (P < 0.05 vs. placebo), whereas sub-
jects treated with 5 wg exenatide had an
end-of-study weight loss of —0.9 kg from
baseline (NS vs. placebo), and subjects in
the placebo arm had an end-of-study
weight loss of —0.6 kg from baseline.
There were small reductions in LDL
(P < 0.05 for pair-wise comparisons)
and apolipoprotein B (P < 0.05 for pair-
wise comparisons) concentrations in the
exenatide groups compared with placebo.
However, other lipid parameters (total
cholesterol, triglycerides, and LDL-to-
HDL ratios) did not differ significantly
among treatment groups. In patients on
background sulfonylurea + metformin
combination therapy, the reduction in
HbA;. from baseline was —0.80, —0.60,
and 0.2% for patients treated with 10 g
exenatide, 5 pg exenatide, and placebo,
respectively (P < 0.001 vs. placebo)
(11). Subjects treated with exenatide ex-
hibited progressive weight reduction over
the entire 30-week treatment period, with
end-of-study weight loss of —1.6 kg from
baseline in each exenatide group com-
pared with end-of-study weight loss of
—0.9 kg from baseline in the placebo
group (P < 0.01 vs. placebo).

Patients from three placebo-controlled
trials and their open-label extensions were

enrolled into one open-ended, open-label
clinical trial (12). Patients (n = 217) complet-
ing 3 years of twice-daily 10 g exenatide
treatment had a mean HbA; . reduction of
—1.0% from baseline (P < 0.0001). A pro-
gressive weight loss was observed with a
net loss of 5.3 kg at the end of 3 years (P <
0.0001). In a subgroup of 151 patients
with serum lipid measurements at the
time of study closure, exenatide therapy
for 3.5 years also significantly improved
a number of cardiovascular risk factors.
Total cholesterol was reduced from base-
line by —10.8 mg/dL (P = 0.0007), triglyc-
eride by —44.4 mg/dL (P = 0.0003), and
LDL cholesterol by —11.8 mg/dL (P <
0.0001), whereas HDL cholesterol in-
creased from baseline by 8.5 mg/dL (P <
0.0001). Additionally, SBP was reduced
from baseline by —3.5 mmHg (P =
0.0063) and DBP by —3.3 mmHg (P <
0.0001). The greatest improvements in
cardiovascular risk factors were observed
in patients who had the greatest weight
reductions. The 25% of subjects who
lost the most weight (weight reduction of
—12.8 kg) exhibited the largest mean
changes in SBP (-8.1 mmHg), DBP (-5.6
mmHg), HDL cholesterol (10.6 mg/dL),
and triglycerides (-104.2 mg/dL) (12). In
an interim analysis of 314 overweight
patients treated for 82 weeks with exenatide,
weight loss was strongly influenced by
baseline BMI: patients with baseline BMI
<25 kg/m” had a mean weight reduction
of 2 kg, whereas patients with baseline
BMI =40 kg/m” had a mean reduction
of >7 kg (13). Another factor influencing
weight loss was the background oral anti-
diabetic agent. Patients taking metformin
alone had a mean weight reduction of
5.3 kg compared with 3.9 kg for patients
taking a sulfonylurea and 4.1 kg for patients
taking a sulfonylurea in combination with
metformin (13).

The efficacy of exenatide (10 pg twice
daily) added to rosiglitazone alone or
pioglitazone alone, or in combination
with metformin, was examined in a 16-
week trial (14). Addition of exenatide to
thiazolidinediones in the presence or ab-
sence of metformin resulted in a reduction
of HbA, . by 0.89% compared with a 0.09%
increase in the placebo group. Mean body
weight changes at week 16 were —1.75 kg
for exenatide recipients and —0.24 kg for
placebo recipients (P < 0.001). No clini-
cally significant changes occurred in fasting
serum lipid levels or blood pressure in ei-
ther group over the 16 weeks of study.

Exenatide therapy was also compared
with insulin therapy as add-on to oral
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hypoglycemic agents. In a 26-week trial,
patients with type 2 diabetes who could
not achieve adequate glycemic control
with combination metformin and sulfo-
nylurea therapy at maximally effective
doses were randomized to either adding
exenatide 10 pg twice daily or insulin
glargine daily (15). At the end of the
study, both groups achieved similar im-
provements in glycemic control (1.11%
reduction in HbA . from baseline). Patients
receiving insulin glargine gained weight
throughout the trial, whereas those receiv-
ing exenatide exhibited progressive re-
ductions in body weight: body weight
decreased by 2.3 kg with exenatide and
increased by 1.8 kg with insulin glargine.
Exenatide was also compared with bi-
phasic insulin aspart (30% rapid-acting
insulin aspart) in addition to metformin
and sulfonylurea in a 52-week trial (16).
Patients treated with exenatide achieved
similar improvement in glycemic control
as individuals treated with biphasic insu-
lin aspart (1.04 vs. 0.89% reduction in
HbA,. from baseline for exenatide- and
insulin-treated patients, respectively) (16).
The exenatide group had a weight reduc-
tion of 2.5 kg, whereas the biphasic insulin
group had a weight increase of 2.9 kg. HDL
cholesterol increased to a greater extent in
the biphasic insulin group (exenatide mi-
nus insulin, —1.55 mg/dL; P = 0.003),
whereas no additional significant changes
occurred in fasting lipid levels in either
group over the 52 weeks of study. A sta-
tistically significant mean reduction in
both SBP (—5 mmHg, P < 0.001) and
DBP (—2 mmHg, P = 0.03) was observed
in the exenatide group, whereas blood
pressure did not change significantly
with biphasic insulin.

Data from these trials suggest that
exenatide induces a sustained reduction in
HbA,, which is significantly greater than
that with placebo and similar to what is
achieved with insulin preparations. Fur-
thermore, patients treated with exenatide
exhibit a consistent weight loss, which be-
comes more evident when compared with
the weight increase associated with insulin
use. An additional finding is that treatment
with exenatide is associated with a reduc-
tion in blood pressure and with positive
changes in lipids, which may contribute
improved cardiovascular risk profile.

Liraglutide

Liraglutide is a human acylated analog of
GLP-1 with 97% amino acid sequence
homology to the endogenous gut hormone
that binds noncovalently to albumin. The
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half-life of liraglutide was estimated to be
13 hiin patients with type 2 diabetes, which
makes it suitable for once-daily adminis-
tration.

The Liraglutide Effect and Action in
Diabetes (LEAD) trials, including >4,000
patients, were designed to investigate
liraglutide as monotherapy or in combina-
tion with various oral antidiabetic drugs
and to compare liraglutide with other anti-
diabetic therapies commonly used in
the treatment of type 2 diabetes (17-25).
The 52-week LEAD-3 trial compared
liraglutide monotherapy with glimepiride
monotherapy in patients suboptimally
controlled with diet and exercise or oral
antidiabetic drug monotherapy (18).
Liraglutide (1.2 or 1.8 mg daily) was
more effective than glimepiride in reduc-
ing HbA,. level (by 0.84 and 1.14 vs.
0.51%, respectively). Moreover, a sustained
weight reduction of 2.1 and 2.5 kg was
observed with liraglutide monotherapy
(1.2 and 1.8 mg once daily, respectively)
compared with a weight gain of 1.1 kg
with glimepiride (P = 0.0001 for both).
Weight loss with liraglutide monotherapy
occurred primarily in the first 16 weeks
but was then sustained throughout the
52 weeks of the study. SBP was reduced
by 3.6 mmHg in the 1.8 mg liraglutide
group (P < 0.01 vs. glimepiride), by 2.1
mmHg in the 1.2 mg liraglutide group (P =
0.29 vs. glimepiride), and by 0.7 mmHg in
the glimepiride group.

In the 26-week LEAD-2 trial, the
addition of liraglutide was compared
with that of glimepiride in patients not
adequately controlled with oral antidia-
betic therapy (19). Liraglutide (1.2 or 1.8
mg daily) was as effective as glimepiride in
reducing HbA, . level (by 0.97 and 1.0 vs.
0.98%, respectively). A weight reduction
of 2.6 and 2.8 kg was observed with lira-
glutide therapy (1.2 and 1.8 mg once
daily, respectively) compared with a
weight gain of 1.0 kg with glimepiride
(P = 0.0001 for both). In addition, the
1.2 and 1.8 mg liraglutide groups ex-
hibited significant reductions in SBP of
3.2 mmHg (P = 0.01) and 2.7 mmHg
(P = 0.04), respectively, compared with
an increase of 0.4 mmHg observed in the
glimepiride group. Dual-energy X-ray ab-
sorptiometry and computerized tomogra-
phy substudies performed within LEAD-2
and LEAD-3 trials demonstrated that re-
ductions in body weight with liraglutide
were mainly due to a decrease in fat tissue
and that both abdominal subcutaneous
and visceral adipose tissues were reduced
(20).

In the 26-week LEAD-1 trial, the ad-
dition of liraglutide (1.2 or 1.8 mg daily) to
glimepiride reduced HbA, to a greater ex-
tent (by —1.1% for both doses) than rosi-
glitazone (—0.4%, P < 0.0001) (21). Mean
reductions in weight from baseline were
—0.2 kg with 1.8 mg liraglutide, whereas
increases occurred with either 1.2 mg lira-
glutide (0.3 kg) or rosiglitazone (2.1 kg, P
< 0.0001, vs. 1.8 mg liraglutide). Al-
though decreases in SBP occurred with ei-
ther 1.2 or 1.8 mg liraglutide (2.6-2.8
mmHg), they were not significantly dif-
ferent from rosiglitazone (2.3 mmHg).

In the 26-week LEAD-5 trial, liraglu-
tide produced a greater reduction in
HbA, . level and body weight than insulin
glargine on a background therapy of met-
formin and glimepiride. Moreover, patients
treated with liraglutide had a reduction in
waist circumference and lost ~1.8 kg in
weight, whereas insulin glargine treatment
was associated with weight gain of 1.6 kg.
In the 26-week LEAD-5 trial, the efficacy
of liraglutide was compared with that of
insulin glargine, both in combination
with metformin and glimepiride. Patients
treated with liraglutide exhibited a greater
reduction in HbA;. (—1.33% from base-
line) than individuals treated with insulin
glargine (—1.09% from baseline) (P =
0.001) (23). Liraglutide treatment resulted
in significant weight loss (—1.8 kg) com-
pared with an increase (+1.6 kg) in the
insulin glargine group (P =0.0001). Waist
circumference was reduced by 1.5 cm in
the liraglutide group compared with a
0.89-cm increase in the insulin glargine
group (P < 0.0001). A significant reduc-
tion in SBP (—4.0 mmHg) was observed
with liraglutide compared with an in-
crease (0.54 mmHg) with insulin glargine
(P =0.000D).

In the 26-week LEAD-6 trial, the
efficacy of liraglutide (1.8 mg once daily)
was assessed in a head-to-head compari-
son with exenatide (10 pg twice daily)
both in combination with metformin
and/or sulfonylurea (24). Liraglutide re-
duced HbA,. significantly more than
exenatide (=1.12 vs. 0.79%, P < 0.0001).
Both drugs promoted similar weight
losses (liraglutide —3.24 kg vs. exenatide
—-2.87 kg). Reductions of triglycerides
(liraglutide —36 mg/dL vs. exenatide
—20 mg/dL; P = 0.04) and free fatty acid
(liraglutide —0.17 mmol/L vs. exenatide
—0.10 mmol/L; P = 0.001) values were
greater in the liraglutide group than in
the exenatide group.

Overall, the LEAD trials demon-
strated that liraglutide provides sustained

HbA,. reductions in monotherapy and
in combination with other antidiabetic
therapies. Treatment with liraglutide is
associated with weight loss and reduction
in fat tissue, both abdominal subcutaneous
and visceral adipose tissues. In addition,
liraglutide was found to be associated
with a reduction in SBP.

CONCLUSIONS —Incretin-based ther-
apies, which comprise GLP-1 receptor
agonists and DPP-4 inhibitors, are new
options for treatment of subjects with
type 2 diabetes. These agents hold prom-
ise in overcoming some limitations of
current antidiabetic treatments, including
weight gain and risk of hypoglycemia.
This treatment is as efficient as the other
known oral antidiabetic drugs and is safer
than sulfonylurea when comparing the in-
cidence of hypoglycemic events and there-
fore can be considered as monotherapy
and/or as a combination therapy with met-
formin. Both classes of drugs exert a bene-
ficial effect on glycemic control and positive
effects on B-cell function, making them a
good therapeutic option early in the disease,
when patients with type 2 diabetes still
maintain some degree of 3-cell function.
The characteristics of GLP-1 receptor
agonists and DPP-4 inhibitors help facil-
itate therapy intensification and may help
patients attain glycemic goals. Neverthe-
less, there are some differences between
GLP-1 receptor agonists and DPP-4 in-
hibitors, ranging from their mode of
administration to their effects on body
weight. When considering what type of
drug to choose between the GLP-1 re-
ceptor agonists and the GPP-4 inhibitors,
the clinician has to consider parameters
such as the patient’s age, time from initial
diabetes diagnosis, body weight, compli-
ance, and financial means. In a head-to-
head comparison with sitagliptin, the
GLP-1 receptor agonist liraglutide was
superior for reduction of HbA, . as well as
for improvements in homoeostasis model
assessment of B-cell function, C-peptide
concentration, and proinsulin-to-insulin
ratio (25). In addition, weight loss and re-
ductions in waist circumference were sig-
nificantly greater with liraglutide than
with sitagliptin. These differences will in-
evitably lead to a differentiation of patient
groups in whom one treatment is favored
over the other. In the older population, it
might be wise to consider DPP-4 inhibi-
tors because of their confined effect on
lowering blood glucose and neutral effect
on caloric intake and therefore less nega-
tive effect on muscle and total body
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protein mass. In a younger patient recently
diagnosed with type 2 diabetes, abdomi-
nal obesity, and abnormal metabolic pro-
file, one should consider treatment with
GLP-1 receptor agonists with the benefi-
cial effect on weight loss and improved
metabolic profile.

Therapies that promote weight loss
can also improve insulin sensitivity and
are an important addition to the treatment
armamentarium for type 2 diabetes. No
nausea is associated with DPP-4 inhibi-
tors, whereas in treatment with GLP-1
receptor agonists, nausea (and vomiting)
is observed in 5-35% of patients. Signif-
icant improvements in biomarkers of car-
diovascular risk have been observed
during GLP-1 receptor agonist treatment
in clinical trials. Whether treatment with
GLP-1 receptor agonists or DPP-4 inhib-
itors provide cardiovascular benefit re-
mains to be investigated in trials of
sufficient size and duration. This group
of new drugs is another step in our prog-
ress toward personalized medicine and
tailoring the specific incretin prescribed
to patients based on personal criteria.
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