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ABSTRACT
The leading cause of morbidity and mortality in type 2 
diabetes mellitus is cardiovascular disease. There is a need 
for type 2 diabetes therapies that act in concert with avail-
able agents to provide adequate glycemic control without 
causing hypoglycemia and weight gain, which are associ-
ated with increases in cardiovascular risk. Incretin-based 
agents—dipeptidyl peptidase-4 inhibitors and glucagon-like 
peptide-1 receptor agonists—are the newest class of anti-
hyperglycemic therapies. Liraglutide and exenatide, gluca-
gon-like peptide-1 receptor agonists recently approved in 
Canada, have been shown to effectively lower blood glucose 
levels while also having beneficial effects on body weight 
and systolic blood pressure. The objective of this article is 
to review and discuss incretin-based agents, with a focus 
on their effects on blood glucose control, body weight and 
cardiovascular risk factors in patients with type 2 diabetes. 
Relevant data were obtained by literature search using the 
EMBASE, MEDLINE and PubMed databases. 

KEYWORDS: cardiovascular disease, dipeptidyl peptidase-4 
inhibitors, glucagon-like peptide-1 receptor agonists, glyce-
mic control, incretin, type 2 diabetes mellitus 

RÉSUMÉ
La principale cause de morbidité et de mortalité chez les 
patients atteints de diabète de type 2 est la maladie cardio-
vasculaire. On a besoin de traitements du diabète de type 2 
qui agissent de concert avec les médicaments actuels 
pour produire un bon contrôle de la glycémie sans causer 
d’hypoglycémie et de prise de poids, facteurs qui sont associés 
à une augmentation du risque cardiovasculaire. Les analogues 
des incrétines, soit les inhibiteurs de la dipeptidyl peptidase-4 
et les agonistes des récepteurs du peptide 1 apparenté au 
glucagon (GLP-1), sont les plus récents antihyperglycémi-
ants. On a démontré que le liraglutide et l’exénatide, des ago-
nistes des récepteurs du GLP-1 récemment homologués au 
Canada, réduisaient efficacement la glycémie et avaient des 
effets avantageux sur le poids corporel et la tension artérielle 
systolique. L’article examine les analogues des incrétines et 

met l’accent sur leurs effets sur le contrôle de la glycémie, le 
poids corporel et les facteurs de risque cardiovasculaire chez 
les patients atteints de diabète de type 2. Les données perti-
nentes viennent d’une recherche documentaire dans les bases 
de données EMBASE, MEDLINE et PubMed. 

MOTS CLÉS : maladie cardiovasculaire, inhibiteurs de la 
dipeptidyl peptidase-4, agonistes des récepteurs du peptide 
1 apparenté au glucagon, contrôle de la glycémie, incrétines, 
diabète de type 2

INTRODUCTION 
Diabetes affects approximately 285 million persons world-
wide, with type 2 diabetes comprising 90% of diagnoses, 
and the International Diabetes Federation projects that by 
2030 approximately 438 million persons worldwide will 
have diabetes (1). In Canada, the number of individu-
als with diagnosed diabetes is projected to increase from  
1.8 million adults in 2005 to 2.4 million adults in 2016 (2).

Pathophysiological defects that are characteristic of type 2 
diabetes include insulin resistance; progressive decline in 
pancreatic beta-cell function and decreased insulin secre-
tion; hypersecretion of glucagon; increased hepatic glucose 
production; and abnormalities of the incretin effect after 
ingestion of a meal (3). The incretin hormones—intestinal 
peptide hormones glucagon-like peptide-1 (GLP-1) and 
glucose-dependent insulinotropic polypeptide (GIP)—are 
normally secreted in response to the oral ingestion of nutri-
ents. GLP-1 potentiates insulin and inhibits glucagon secre-
tion in a glucose-dependent manner; a diminished incretin 
response may contribute to impaired insulin secretion in 
patients with type 2 diabetes (4,5). 

Common cardiovascular (CV) risk factors such as hyper-
tension, dyslipidemia and obesity complicate the pharmaco-
logical management of type 2 diabetes and increase the risk 
of CV disease (CVD) in these patients (3). Current treatment 
guidelines recommend the aggressive management of blood 
glucose and CV risk factors in patients with type 2 diabetes 
(2), but gaps remain in treating patients to recommended 
goals for glycemia, blood pressure (BP), lipids and weight (6). 
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In this review, treatments that are currently available for 
the management of type 2 diabetes are discussed, with an 
emphasis on new and emerging therapies that work in syn-
ergy with available treatments to improve the management 
of hyperglycemia and associated risk factors. EMBASE, 
MEDLINE and PubMed databases were searched for clini-
cal trials, randomized controlled trials or reviews published 
between January 2005 and October 2010 using the search 
terms “type 2 diabetes plus pathogenesis,” “treatment and 
liraglutide, exenatide, sitagliptin, saxagliptin” or “unmet 
needs,” and relevant references were selected. Additional 
articles of relevance were identified from the reference lists 
of the retrieved publications.

TREATMENT GOALS AND UNMET NEEDS IN 
TYPE 2 DIABETES
CVD is a leading cause of morbidity and mortality in 
patients with type 2 diabetes (2). To reduce the risk 
of CVD, treatment guidelines recommend the aggressive 
management of CV risk factors (including BP, lipids and 
obesity), in addition to maintaining optimal glycemic con-
trol (2). According to the National Health and Nutrition 
Examination Survey, the percentage of persons achiev-
ing simultaneous glycemic, BP and low-density lipopro-
tein cholesterol (LDL-C) control increased from 7.0% in 
1999–2002 to 12.2% in 2003–2006 (p>0.05) (7). Still, a 
majority of patients with type 2 diabetes remain above target 
for one or more treatment goals, despite improvements in 
therapeutic agents (7). In the Diabetes in Canada Evaluation 
chart audit conducted from September 2002 to February 
2003, approximately 49.0% of the 2473 patients with 
type 2 diabetes were uncontrolled (glycated hemoglobin 
[A1C] ≥7.0%) (8). In addition, many patients with type 2 
diabetes had comorbidities associated with elevated blood 
glucose levels, including hypertension (63.0%), dyslipid-
emia (59.0%), macrovascular complications (28.0%) and 
microvascular complications (38.0%). 

The latest data from the Action to Control Cardiovascular 
Risk in Diabetes (ACCORD) study suggest that intensive 
therapy with standard antihyperglycemic agents effectively 
achieves glycemic control, but does not significantly reduce 
the incidence of CV events in high-risk patients with type 2 
diabetes (9). Furthermore, intensive blood glucose lowering 
in this high-risk population was associated with hypoglyce-
mia and weight gain (9), common side effects of many tra-
ditional antihyperglycemic agents, and both associated with 
increased CV risk. In the Action in Diabetes and Vascular 
Disease: Preterax and Diamicron MR Controlled Evaluation 
(ADVANCE) trial, severe hypoglycemia was associated with 
major macrovascular and microvascular events, and death 
(10). In the ACCORD study, severe hypoglycemia was 
associated with increased death (11). Although full results 

from the Look AHEAD (Action for Health in Diabetes) trial 
will provide data on the rate of CV events, the 1- and 4-year 
interim results indicate that weight loss is associated with an 
improvement in CV risk factors (12,13). 

Although all therapies for type 2 diabetes provide some 
measure of glycemic control, their concurrent impact on 
hypoglycemia and weight gain is highly relevant when 
making therapeutic choices. Composite endpoints are 
commonly used in other complex chronic diseases, and 
in diabetes, a composite endpoint of A1C reduction, no 
hypoglycemia and no weight gain may help to identify 
agents that can provide adequate glycemic control without 
associated detrimental side effects (14). There is a need for 
antihyperglycemic therapies with complementary mecha-
nisms of actions that act in concert to address the multiple 
risk factors associated with elevated blood glucose levels in 
patients with type 2 diabetes.

CURRENT ANTIHYPERGLYCEMIC AGENTS 
AND THEIR PLACE IN THERAPY 
Pharmacological agents for type 2 diabetes are most effective 
when individualized to the specific needs of the patient and, 
when predicated on their effectiveness in lowering blood 
glucose, any extraglycemic effects that may reduce long-
term complications, safety profile, tolerability, ease of use 
and cost (15). 

In the absence of contraindications, metformin is recom-
mended as initial pharmacotherapy for patients with type 2 
diabetes (2). Other classes of antihyperglycemic agents are 
recommended as adjunct agents in patients whose blood 
glucose levels remain uncontrolled on their initial treatment 
regimen, or who gradually require additional therapy for 
managing blood glucose levels as type 2 diabetes progress-
es. These agents have mechanisms of action that are often 
complementary, and they may act in synergy to reduce A1C 
levels in patients with type 2 diabetes (Table 1). Many of 
these agents are effective at managing glycemic parameters, 
but do not improve other risk factors associated with ele-
vated blood glucose levels. For example, thiazolidinediones 
(TZDs) are contraindicated in patients with New York Heart 
Association Class I to IV heart failure (19,20). Rosiglitazone 
is not recommended in patients with a history of ischemic 
heart disease, and is indicated only when all other oral 
antihyperglycemic agents fail to provide adequate glycemic 
control or are inappropriate (19,20). Furthermore, weight 
gain is associated with the use of TZDs, sulfonylureas, 
meglitinides and insulin, and the latter 3 classes are also 
associated with hypoglycemia (Table 1). There is a need 
for agents that do not increase the risk of hypoglycemia or 
weight gain. 

Two new classes of recently approved antihyperglycemic 
agents—dipeptidyl peptidase-4 (DPP-4) inhibitors and 
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GLP-1 receptor agonists—have been shown to be effective 
in reducing A1C and blood glucose levels, with low rates 
of hypoglycemia or weight gain (21). GIP and GLP-1 are 
secreted following oral ingestion of nutrients and then nor-
mally degraded by the enzyme DPP-4 (22). DPP-4 inhibitors 
such as saxagliptin and sitagliptin prevent the degradation 
and inactivation of endogenous GLP-1, thereby enhancing 
insulin secretion and diminishing glucagon secretion in 
patients with type 2 diabetes in a glucose-dependent man-
ner (22). The magnitude of the effect of DPP-4 inhibitors 
is limited to endogenous levels of incretin hormones and 
typically results in a 2-fold increase in endogenous GLP-1. 
In contrast, GLP-1 receptor agonists such as exenatide and 
liraglutide are engineered to be resistant to degradation by 
DPP-4 and to enhance incretin activity by providing phar-
macologic levels of GLP-1 receptor stimulation (more than 
a 5-fold increase) (22,23). A list of DPP-4 inhibitors and 
GLP-1 receptor agonists approved in Canada for the treat-
ment of type 2 diabetes, and those under development, is 
provided in Table 2.

DPP-4 inhibitors: saxagliptin, sitagliptin and linagliptin
Saxagliptin
In a monotherapy trial, treatment with saxagliptin 5 mg/day 
resulted in reductions from baseline in A1C and fasting plas-
ma glucose (FPG) of 0.46% (p<0.0001) and 0.50 mmol/L 
(p=0.0074), respectively (29). In addition, when added 
to metformin, saxagliptin led to reductions from baseline 
in A1C and FPG of 0.69% and 1.20 mmol/L, respectively 
(p≤0.0001 for both) (30). Similar results were achieved 
when saxagliptin was added to sulfonylurea or TZD therapy 
(31,32). Saxagliptin was non-inferior to a sulfonylurea when 
each was added to metformin, but the sulfonylurea caused 
more hypoglycemia and weight gain (33). Saxagliptin has 
also been shown to be non-inferior to sitagliptin when each 
was added to metformin therapy (34). Figure 1 summarizes 
the results of the major saxagliptin trials.

Sitagliptin
Treatment with sitagliptin 100 mg/day resulted in reductions 
from baseline in A1C and FPG of 0.61% and 0.70 mmol/L, 

Table 1. Antihyperglycemic agents approved for the treatment of type 2 diabetes (13,16-18)

Class A1C reduction, % Dosing, times/day Hypoglycemia Weight effects

Alpha-glucosidase inhibitors 0.5–0.8 3 No Neutral

Metformin 1.5 1–2 No Neutral

Sulfonylureas 1.5 1–2 Yes Gain

Thiazolidinediones 0.5–1.4 1–2 No Gain

Meglitinides 0.5–1.5 3 Yes Gain

Insulin up to >2.0 1–4 (injected) Yes Gain

DPP-4 inhibitors 0.5–0.9 1 Rare Neutral

GLP-1 receptor agonists 0.8–1.5 1–2 (injected) Rare Loss

A1C = glycated hemoglobin
DPP-4 = dipeptidyl peptidase-4
GLP-1 = glucagon-like peptide-1

Table 2. DPP-4 inhibitors and GLP-1 receptor agonists: approved indications in Canada (24-28)
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2 years. This trial also showed significant weight loss (1.4 
kg, p<0.0001 vs. 1.3 kg weight gain) and significantly 
lower rates of hypoglycemia (7.5% vs. 36.1%, p<0.0001) 
compared to glimepiride. Figure 3 summarizes the results 
of linagliptin trials.

Adverse effects
DPP-4 inhibitors are generally weight-neutral, have no 
effect on BP or lipids, and are associated with low rates of 
hypoglycemia. CV endpoint trials with saxagliptin, sita-
gliptin and linagliptin are ongoing (48–50).

Nasopharyngitis, urinary infection and headache are the 
most commonly reported adverse effects of DPP-4 inhibi-
tor therapy (30,35,51). There were isolated case reports 
of pancreatitis with both saxagliptin and sitagliptin in 
controlled clinical trials, but the incidence was consistent 
with the expected rate in type 2 diabetes and similar to 
comparators (52,53). 

GLP-1 receptor agonists: exenatide and liraglutide
Exenatide
Exenatide, approved in Canada in January 2011, is the 
synthetic form of naturally occurring exendin-4, a hormone 
secreted by the salivary glands of the Gila monster, and is 
53% homologous to human GLP-1 (21). Exenatide is initi-

respectively (p≤0.001 for both) when used as monotherapy, 
and 0.67% and 0.90 mmol/L, respectively (p<0.001 for both) 
when used in combination with metformin (35,36). Other 
combination therapy trials that have also demonstrated 
significant glucose reductions include sitagliptin added to a 
sulfonylurea, a TZD, metformin plus a sulfonylurea and met-
formin plus a TZD (37–39). Sitagliptin was shown to pro-
duce A1C lowering similar to that of a sulfonylurea or a TZD 
when each was added to metformin, but the sulfonylurea and 
TZD caused weight gain, and the sulfonylurea caused more 
hypoglycemia (40,41). Sitagliptin added to basal or premixed 
insulin reduced A1C by 0.6% vs. placebo (p<0.001) at the 
same daily insulin dose in each group (42). Figure 2 sum-
marizes the results of the major sitagliptin trials.

Linagliptin
Linagliptin was approved in Canada in July 2011. Linagliptin 
5 mg once daily over 18 to 24 weeks significantly improved 
glycemic control as monotherapy (43), and in combination 
with metformin (44) or a sulfonylurea (45,46), with A1C 
reductions from baseline from 0.4% to 0.7%. These trials 
also showed no weight changes and low rates of hypogly-
cemia. A double-blind trial (47) of linagliptin 5 mg/day 
found A1C decreases similar to that of glimepiride (0.4% vs. 
0.5%, respectively) when each was added to metformin over  

Figure 1. Saxagliptin: A1C lowering in major trials (29-34)

A1C = glycated hemoglobin 
BL = baseline
Glip = glipizide
Gly = glyburide

Met = metformin
NI = non-inferior
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Figure 2. Sitagliptin: A1C lowering in major trials (36–41)

Figure 3. Linagliptin: A1C lowering in major trials (43–47)

A1C = glycated hemoglobin
BL = baseline
Glim = glimepiride
Glip = glipizide

Met = metformin
NI = non-inferior
NS = non-significant
Pio = pioglitazone 

PBO = placebo
Rosi = rosiglitazone
Sita = sitagliptin

A1C = glycated hemoglobin
BL = baseline
Glim = glimepiride

Lina = linagliptin
Met = metformin
PBO = placebo

SU = sulfonylurea

Sita
100 mg OD

Sita
100 mg OD

Sita
100 mg OD

Sita+
Glim

Sita+
Glim+Met

–0.61*
–0.67 –0.67

–0.73*
–0.79*

–0.85*

–0.30*

–0.59*

–0.90*

Sita
100 mg OD

Sita
100 mg OD

Rosi
8 mg OD

NS

NI to Glip

Glip up to
10 mg bid

Monotherapy           
(24 wks)                
BL ~8.0%
PBO +0.2%   

Add-on to Met
(52 wks)
BL ~7.5%

Add-on to Met 
(18 wks)
BL ~7.7%�
PBO –0.2%   

Add-on to Pio
(24 wks)
BL ~8.1%   
PBO –0.2%   

Add-on to 
Glim±Met
(24 wks)
BL ~8.3%   
PBO –0.3%    �

Add-on to 
Rosi+Met
(18 wks)
BL ~8.8%   
PBO –0.2%    �

–2.0

–1.5

–1.0

–0.5

0

0.5
M

ea
n

   
  A

1C
 fr

o
m

 b
as

el
in

e 
(%

)

Lina 5 mg OD Lina 5 mg OD Lina 5 mg OD
Glim up to 
4 mg/day Lina 5 mg OD Lina 5 mg OD

–0.4*
–0.5* –0.5*

–0.7*

–0.4†

–0.5
Diff: 0.17
(0.08-0.27)

Monotherapy           
(24 wks)                
BL ~8.0%
PBO +0.3%   

Add-on to Met
(24 wks)
BL ~8.1%
PBO +0.15%

Add-on to Met 
(2 y)
BL ~7.7%�

Add-on to SU
(18 wks)
BL ~8.6%   
PBO –0.1%   

Ad-on to 
Met+SU
(24 wks)
BL ~8.1%   
PBO –0.1%    �

–2.0

–1.5

–1.0

–0.5

0

0.5

M
ea

n
   

  A
1C

 fr
o

m
 b

as
el

in
e 

(%
)

*p<0.001 vs. PBO

*p<0.0001 vs. PBO or comparator
†p=0.0001 for noninferiority



CANADIAN JOURNAL OF DIABETES. 2011;35(5):518-527.

Treatment Options in Type 2 Diabetes    |  523

weight loss (60). In an open-label extension of 3 exenatide 
studies, there were also minor but significant improvements 
in LDL-C, high-density lipoprotein cholesterol and triglyc-
erides (61). As well, exenatide led to greater achievement 
of the composite endpoint of A1C ≤7.4% and weight gain  
≤1 kg compared with insulin glargine (62).

Liraglutide
Liraglutide is a human GLP-1 analogue with 97% homol-
ogy to native GLP-1 and was the first GLP-1 receptor 
agonist approved in Canada (May 2010). Liraglutide is 
initiated at 0.6 mg sc OD, and should be increased to  
1.2 mg OD after at least 1 week if tolerated, with a further 
increase to 1.8 mg OD if required (24). In the Liraglutide 
Effect and Action in Diabetes trials (LEAD 1–5), treat-
ment with liraglutide resulted in reductions from base-
line in mean A1C levels of up to 1.1% (p<0.001 vs. 
sulfonylurea) when used as monotherapy, or from 1.0% 
to 1.5% (p<0.001 vs. placebo, rosiglitazone or glargine) 
when used in combination with oral agents (metformin, 
a sulfonylurea, metformin plus a sulfonylurea or metfor-
min plus a TZD) (Figure 5) (18,64-67). Treatment with 
liraglutide reduced FPG levels by up to 2.4 mmol/L. 
In LEAD-6, treatment with liraglutide compared with 
exenatide (combined with either metformin or a sulfo-
nylurea, or both) resulted in reductions from baseline in 

ated at 5 μg sc BID for 1 month, then increased to 10 μg 
sc BID thereafter, administered within 60 minutes before 
morning and evening meals. Exenatide has been shown to 
be efficacious as monotherapy or in combination with met-
formin, sulfonylureas, TZDs or metformin plus a sulfonyl-
urea (21). It was shown to produce A1C lowering similar to 
insulin glargine (1.1%) when each was added to metformin 
plus a sulfonylurea, but exenatide was associated with a  
2.3 kg weight loss, while glargine patients gained 1.8 kg 
(54). An integrated analysis of 4 trials that compared exena-
tide to insulin glargine had similar results (55). Figure 4 
summarizes the major exenatide trials. 

Exenatide has also been compared to premixed insu-
lin aspart 30/70 in 3 studies, with similar A1C lowering 
in 2 studies, but inferior A1C lowering in the third study 
(17,56,57). A meta-analysis of 4 placebo-controlled trials 
showed that exenatide 10 μg sc BID resulted in reductions 
from baseline in A1C, FPG and body weight of 0.97%,  
1.50 mmol/L and 1.25 kg, respectively, (p<0.001 for all) 
(58). Although it is not indicated for use with insulin, 
exenatide improved A1C compared to placebo (difference 
–0.7%, p<0.001) without increased hypoglycemia or weight 
gain in patients receiving insulin glargine (59). Exenatide 
treatment was also associated with a significantly greater 
reduction in systolic BP (SBP) compared with placebo (2.80 
mm Hg, p=0.0002), a finding that was not attributable to 

Figure 4. Exenatide: A1C lowering in major trials (21, 54)
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A1C and FPG of 1.1% vs. 0.8% (p<0.001) and 1.6 vs. 
0.60 mmol/L (p<0.001), respectively. The proportion of 
participants achieving A1C <7% was significantly higher 
for liraglutide than exenatide (54% vs. 43%, OR 2.02, 
95% CI 1.31–3.11) (68). Moreover, patients with type 2 
diabetes who switched from exenatide to liraglutide expe-
rienced further significant reductions in A1C (0.32%), FPG 
(0.9 mmol/L), body weight (0.9 kg) and SBP (3.8 mm Hg), 
with minimal episodes of hypoglycemia or nausea (69). 

A meta-analysis of the liraglutide trials found that the pro-
portion of patients achieving the composite endpoint of A1C 
<7.0%, no weight gain and no hypoglycemia was significant-
ly higher with liraglutide 1.8 mg than with all active com-
parators, including sulfonylureas, TZDs, insulin glargine and 
exenatide. Furthermore, treatment with liraglutide 1.2 mg 
was associated with significantly more patients reaching this 
composite outcome compared to sulfonylureas and TZDs 
(14,63). In a study that compared liraglutide and sitagliptin 
(as adjuncts to metformin), treatment with liraglutide result-
ed in a greater reduction from baseline in A1C levels than 
sitagliptin (1.2% [liraglutide 1.2 mg] and 1.5% [liraglutide 
1.8 mg] vs. 0.9% [sitagliptin], p<0.0001) (70) (Figure 5). 
The composite outcome of A1C <7.0%, no weight gain 
and no hypoglycemia was achieved in significantly more 
patients with liraglutide than sitagliptin (37% [liraglutide 
1.2 mg] and 46% [liraglutide 1.8 mg] vs. 14% [sitagliptin], 

p<0.0001 (70). In an observational study, liraglutide added 
to high-dose insulin (mean 192 units) led to a 1.4% reduc-
tion in A1C with a 5.1 kg weight loss and a 28% reduction 
in insulin dose (71).

Liraglutide also resulted in significant reductions in 
body weight and BP. Weight was reduced by up to 2.5 kg 
(p<0.001 vs. active comparator) with liraglutide as mono-
therapy and up to 3.2 kg with liraglutide in combination 
with oral agents (18,64-67). Treatment with liraglutide 
compared with exenatide resulted in weight loss of 3.2 
vs. 2.9 kg (p=0.223) (68). In addition, liraglutide plus 
metformin resulted in a greater reduction in body weight 
compared with sitagliptin plus metformin (3.4 vs. 1.0 kg, 
p<0.0001) (70). Liraglutide 1.2 and 1.8 mg doses were 
associated with reductions in SBP ranging from 2.1 to  
6.7 mm Hg and 2.3 to 5.6 mm Hg, respectively (18,64-67), 
a result that cannot be explained by weight loss (72). The 
liraglutide trials also demonstrated that patients treated 
with liraglutide 1.8 mg were more likely to achieve the 
composite endpoint of A1C <7.0%, SBP <130 mm Hg and 
no weight gain than those treated with active comparators, 
including sulfonylureas, TZDs, insulin glargine, exenatide 
and sitagliptin (63). In addition to its benefits on glycemia, 
body weight and SBP, liraglutide has been shown to reduce 
CV risk markers by significantly lowering LDL-C, triglyc-
erides, free fatty acids, brain natriuretic peptide and high- 

Figure 5. Liraglutide: A1C lowering in major trials (63)
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increasing their risk of CVD. Furthermore, traditional anti-
hyperglycemic agents are often associated with weight gain 
and/or hypoglycemia, and have variable effects on CVD 
risk factors. Incretin agents address unmet needs in type 2 
diabetes management by effectively lowering blood glucose 
levels with little risk of hypoglycemia or weight gain, and 
are excellent agents for combination therapy with 1 or 2 
other oral agents. DPP-4 inhibitors are well-tolerated oral 
incretin agents that offer efficacious glucose lowering with-
out weight gain or hypoglycemia. GLP-1 receptor agonists 
are an important new addition to the incretin agents; they 
offer good efficacy along with the benefits of weight loss and 
SBP lowering, but transient nausea and vomiting can occur. 
Among the currently available incretin agents, liraglutide 
offers better A1C lowering than exenatide and the DPP-4 
inhibitors.
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