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Abstract
OBJECTIVE To evaluate the emerging classes of antihypergly-
cemic agents that target the incretin pathway, including their 
therapeutic efficacy and side effect profiles, in order to help 
identify their place among the treatment options for patients 
with type 2 diabetes.

QUALITY OF EVIDENCE MEDLINE, EMBASE, and the Co-
chrane Database of Systematic Reviews were searched. Most 
evidence is level I and II.

MAIN MESSAGE Two classes of incretin agents are currently 
available: glucagonlike peptide 1 (GLP1) receptor agonists and 
dipeptidyl peptidase 4 (DPP4) inhibitors, both of which lower 
hyperglycemia considerably without increasing the risk of 
hypoglycemia. The GLP1 receptor agonists have a greater effect 
on patients’ glycated hemoglobin A1c levels and cause sustained 
weight loss, whereas the DPP4 inhibitors are weight-neutral.

CONCLUSION The GLP1 and DPP4 incretin agents, promis-
ing and versatile antihyperglycemic agents, are finding their 
way into the therapeutic algorithm for treating type 2 diabetes. 
They can be used in patients not adequately controlled by 
metformin monotherapy or as initial therapy in those for whom 
metformin is contraindicated.

Résumé
OBJECTIF Évaluer les nouvelles classes d’hypoglycémiants 
qui agissent via la voie des incrétines, y compris leur efficacité 
thérapeutique et leur profil d’effets indésirables, afin d’aider 
à établir leur place parmi les options de traitement pour les 
diabétiques de type 2.

QUALITÉ DES PREUVES On a consulté MEDLINE, EMBASE 
et la Cochrane Database of Systematic Reviews. La plupart des 
preuves étaient de niveaux I et II.

PRINCIPAL MESSAGE Il existe actuellement deux classes 
d’incrétines : les agonistes des récepteurs du peptide 1 appar-
enté au glucagon (GLP1) et les inhibiteurs de la dipeptidyl pep-
tidase (DPP4), qui causent tous deux une réduction importante 
de l’hyperglycémie sans augmenter le risque d’hypoglycémie. 
Les agonistes des récepteurs du GLP1 ont un effet plus grand 
sur l’hémoglobine glycosylée A1c et entraînent une perte de 
poids durable, alors que les inhibiteurs de la DPP4 sont sans 
effet sur le poids.

CONCLUSION Les incrétines des types GLP1 et DPP4 sont 
des hypoglycémiants versatiles et prometteurs qui s’intègrent 
progressivement à l’algorithme thérapeutique du traitement du 
diabète de type 2. Ils peuvent être utiles chez les patients qui 
ne sont pas adéquatement contrôlés avec la metformine seule 
ou comme traitement de première intention dans les cas où la 
metformine est contre-indiquée.

Diabetes is a disease of increasing conse-
quence, affecting an estimated 285 million 
adults worldwide, of whom approximately 

85% to 95% have type 2 diabetes (T2DM).1 Advances 
over the past few decades have yielded vari-
ous therapeutic options.2 In the Canadian primary 
care setting, however, 49% of patients with T2DM 
failed to achieve the glycated hemoglobin (HbA1c) 
target levels (≤ 7%) recommended by the Canadian 
Diabetes Association (CDA),3 with 17% of patients at 
levels above 8.4%.4 Current approaches thus appear 
to be inadequate for many patients with T2DM.

Since 2008, Canadian physicians have had access 
to sitagliptin, an antihyperglycemic drug with a 
novel mechanism of action: increasing the activ-
ity of glucose-regulating hormones called incretins, 
which stimulate insulin secretion in response to 
high levels of blood glucose. The fact that incretins 
are glucose-dependent is key to their unique thera-
peutic potential, because this offers the possibility of 
controlling hyperglycemia without placing patients 
at risk of hypoglycemia.5

The incretin pathway (Figure 1), which rep-
resents an important aspect of normal glucose 
homeostasis, is not the direct target of any trad-
itional antihyperglycemic treatments. However, 
various new drugs that act on this pathway have 
been studied extensively in late-phase trials.6 Three 
of these incretin agents (sitagliptin, saxagliptin, and 
liraglutide) are now approved in Canada, and others 
(already in use in Europe or the United States) could 
reach the Canadian market in the very near future. 
Here, we examine recent evidence regarding the 
potential of 4 of the incretin agents (sitagliptin, 
vildagliptin, exenatide, and liraglutide) to improve 
routine T2DM management in Canada, as described 
in the recent CDA treatment guidelines.3 Readers 
wishing for a broader analysis of the incretin lit-
erature, not restricted to the Canadian treatment 
environment, might wish to consult other relatively 
recent reviews, such as a series in the American 
Journal of Medicine in 2009.7-10

Quality of evidence
MEDLINE, EMBASE, and the Cochrane Database of 
Systematic Reviews were searched. Search terms 
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and MeSH headings used included exenatide, liraglutide, 
vildagliptin, and sitagliptin, in combination with the term 
clinical. Reference lists in selected articles were reviewed 
to identify additional relevant information. Randomized 
controlled trials, meta-analyses, and systematic reviews 
(level I evidence) were assessed, as were open-label tri-
als and US Food and Drug Administration publications 
(level II evidence) for “real-world” experience. Level III 
evidence describing potential rare adverse events was 
also considered.

Physiologic effects of incretins
The endogenous incretins, namely glucose-dependent 
insulinotropic polypeptide (GIP) and glucagonlike 
peptide 1 (GLP1), are peptide hormones secreted from 

endocrine cells in the small intestine.11 In healthy indi-
viduals, both of these molecules activate insulin secre-
tion; GLP1 also inhibits glucagon secretion and slows 
gastric emptying.11

A key limitation to therapeutic use of the endogenous 
incretins is their rapid turnover (1- to 2-minute half-
lives), resulting from the action of the circulating 
enzyme dipeptidyl peptidase 4 (DPP4), which rapidly 
inactivates GIP and GLP1.11 In addition, GIP’s actions 
on the pancreas are blunted in patients with T2DM.12 
In contrast, the action of GLP1 is essentially intact in 
patients with T2DM, although this hormone is produced 
at lower-than-normal levels following meals.12

Promising therapeutic approaches for T2DM there-
fore include stabilizing endogenous GLP1 using a DPP4 
inhibitor (sitagliptin, vildagliptin, or saxagliptin13,14) or 
supplying an exogenous, more stable molecule with 
the action of GLP1 (the GLP1 mimetic, exenatide, or the 
human GLP1 analogue, liraglutide).5

Integrating incretin agents  
into therapeutic paradigms
As reviewed below, accumulating clinical experience for 
all of these therapies shows that they can effect con-
siderable improvements in HbA1c levels, combined with 

Levels of evidence

Level I: At least one properly conducted randomized 
controlled trial, systematic review, or meta-analysis
Level II: Other comparison trials, non-randomized, 
cohort, case-control, or epidemiologic studies, and 
preferably more than one study
Level III: Expert opinion or consensus statements

Figure 1. Actions of the incretins in normal glucose homeostasis: The incretins GLP1 and GIP are peptide hormones 
that are released from K and L cells in the small intestine following a meal. Among other actions, the incretins stimu-
late release of insulin from pancreatic β cells in a glucose-dependent manner, and GLP1 suppresses glucagon release 
from pancreatic α cells. This has a combined effect on hyperglycemia by both increasing the uptake of glucose by 
tissues and decreasing the release of glucose from the liver. GLP1 also affects glucose homeostasis by delaying gastric 
emptying. Both GLP1 and GIP are rapidly cleaved and inactivated by DPP4, resulting in a half-life of 1-2 min. In 
patients with T2DM, GIP’s actions in the pancreas are impaired and GLP1 production after a meal is reduced.

DPP4—dipeptidyl peptidase 4, GIP—glucose-dependent insulinotropic polypeptide, GLP1—glucagonlike peptide 1, T2DM—type 2 diabetes.
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sustained beneficial effects on body weight (weight loss 
with GLP1 receptor agonists and weight neutrality with 
DPP4 inhibitors). Indeed, it appears that the incretin 
agents discussed here are at least as effective as com-
monly used oral antihyperglycemics.15-19 Used in com-
bination with oral agents, the GLP1 receptor agonists 
(exenatide and liraglutide) might offer glycemic control 
similar to that of insulin treatment, but with little or no 
risk of serious hypoglycemia.20-23 Incretin agents might 
reduce patients’ risk of diabetic complications, includ-
ing possibly cardiovascular disease (CVD); trials to test 
this hypothesis are ongoing. Information about these 
ongoing trials is available from www.clinicaltrials.gov 
(trial numbers NCT00766857 and NCT00790205).

Key pharmacologic differences among the 4 drugs 
reviewed here, as well as other clinical considerations, 
can be found in Table 1.18,20,22-37 The clinical literature 
supporting the use of the various incretin agents is sum-
marized in Table 2.15,16,18,20-28,31,32-36,38-60

DPP4 inhibitors: sitagliptin and vildagliptin
Oral DPP4 inhibitors increase the availability of 
endogenous GLP1, thus enhancing glucose-induced 
insulin secretion and inhibiting glucagon release. These 
agents have no effect on gastric emptying61,62 and do not 
affect body weight.35 A comprehensive meta-analysis 
of trials of once-daily sitagliptin (available in Canada 
and elsewhere) or twice-daily vildagliptin (marketed in 
Europe) concluded that these agents were well toler-
ated,35 although infections, including nasopharyngitis, 
upper respiratory tract infections, and urinary tract infec-
tions, were significantly increased with sitagliptin (rela-
tive risk 1.15 compared with placebo [95% confidence 

interval 1.02 to 1.31; P = .03]). Headache was reported 
for both drugs but was more common in patients taking 
vildagliptin.35

As monotherapy or in combination with other anti-
hyperglycemic agents, DPP4 inhibitors reduced HbA1c 
levels to an extent similar to metformin, sulfonylureas,15 
and thiazolidinediones (TZDs),16 with an average reduc-
tion of 0.6% to 0.7% compared with placebo.35 When 
added to insulin, vildagliptin reduced HbA1c levels by 
0.6%, compared with 0.2% for placebo.56 Although 
long-term studies are not available comparing DPP4 
inhibitors with incretin receptor agonists, a 2-week, ran-
domized, double-blind crossover trial demonstrated sig-
nificantly increased insulin secretion and tighter control 
of postmeal hyperglycemia with exenatide, relative to 
sitagliptin (P < .0001).47

GLP1 receptor agonists:  
exenatide and liraglutide
As peptide-based therapies, the GLP1 receptor agonists 
require subcutaneous administration. Thus far, exena-
tide has been approved for use in the United States, 
Europe, and elsewhere; liraglutide is now approved in 
the United States, Canada, and Europe. Both have been 
examined in multiple randomized clinical trials, in which 
they were used as monotherapy or as add-on therapies.

The GLP1 receptor agonists are well tolerated, and 
trials to date have identified no common safety con-
cerns,18,20,22,23-28,32-34 although administration of exena-
tide is dose-dependently associated with nausea.29,63 
Liraglutide is also associated with nausea, a side effect 
that does not appear to be dose dependent and which 
declines in frequency within 4 weeks of treatment.18,60

Table 1. Pharmacology and clinical considerations for the incretin agents
GLP1 RECEPtoR AGonIStS DPP4 InhIBItoRS

ConSIDERAtIonS ExEnAtIDE20,22,24-31 LIRAGLutIDE18,23,32-34 VILDAGLIPtIn35,36 SItAGLIPtIn35,37

Administration SC injection Oral tablet

Half-life, h 2.4 11-15 2.5 12-14

Dose 5 or 10 µg, twice daily 0.6, 1.2, or 1.8 mg, 
once daily

50 mg, twice daily 100 mg, once 
daily

Origin of active incretins following 
treatment

Exogenous and endogenous Endogenous

Effect on insulin level Large increase Moderate increase

Effect on glucagon level Moderate decrease

Mean decrease in HbA1c vs placebo, % Approximately 0.8 0.8-1.6 Approximately 0.7 0.6-1.0

Postprandial hyperglycemia Moderate decrease Small decrease

Gastric emptying Inhibited No clinically significant effect

Body weight Moderate decrease Neutral

Tolerability issues* Nausea Upper respiratory tract infection

Incidence of hypoglycemia Low rate of hypoglycemia when administered as monotherapy in patients with T2DM; 
risk might increase when used in combination with sulfonylureas

DPP4—dipeptidyl peptidase 4, GLP1—glucagonlike peptide 1, HbA1c—glycated hemoglobin A1c, SC—subcutaneous, T2DM—type 2 diabetes.
*For more complete listings of adverse events, consult the respective product monographs.
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It has also been suggested, largely on the basis of 
studies in rodents, that liraglutide treatment might be 
associated with increased risk of C-cell adenoma or 
carcinoma, cancers affecting the calcitonin-producing 
cells of the thyroid. Indeed, mice and rats treated with 
liraglutide might experience acute or chronic calcitonin 
overexpression and C-cell hyperplasia, followed in some 
cases by C-cell adenoma or (at the highest doses) car-
cinoma. However, these effects seem to be restricted to 
rodents, in which normal C-cells carry functional GLP1 

receptors. No calcitonin up-regulation or C-cell abnor-
malities have been seen in nonhuman primates treated 
with liraglutide. Furthermore, a calcitonin screening pro-
gram, carried out in 5000 individuals, found no evidence 
that liraglutide stimulates human C-cells. To date, there 
have been no clear cases of C-cell cancers in patients 
receiving liraglutide.

There have been isolated reports of adverse events 
with these drugs, notably postmarketing reports of acute 
pancreatitis in patients taking exenatide. In the liraglutide 

Table 2. Summary of clinical trials involving incretin agents

InCREtIn AGEnt AnD CoMBInAtIon CoMPARAtoR n DuRAtIon, WK
MEAn ChAnGE In 

hBA1C, %*

Sitagliptin

• Monotherapy35,38-43 Placebo 2389 12-24 -0.44 to -0.66

• Metformin35,40,44 Placebo 1437 24 -0.67 to -1.90

• Metformin15,35 Glipizide 1172 52 -0.67

• Glimepiride with or without metformin35,45 Placebo  441 24 -0.45

• Pioglitazone35,46 Placebo 353 24 -0.85

• Metformin47 Exenatide   61 2 NA

Vildagliptin

• Monotherapy35,48-53 Placebo 2253 12-52 -0.20 to -0.92

• Metformin54,55 Placebo   651 12-24 -0.60 to -0.90

• Insulin56 Placebo   296 24 -0.50

• Metformin16 Pioglitazone  576 24 -0.88

• Pioglitazone57 Placebo  463 24 -1.00

• Various59 Vildagliptin vs pioglitazone vs 
vildagliptin and pioglitazone

 607 24 -1.1

Exenatide

• Sulfonylurea24 Placebo 377 30 -0.86

• Metformin25 Placebo 336 30 -0.8

• Metformin and sulfonylurea26 Placebo 733 30 -0.75†

• TZD with or without metformin27 Placebo 233 16 -0.89

• Metformin and sulfonylurea20,21 Insulin glargine 689 26-32 -1.36 to -1.16

• Metformin and sulfonylurea22 Biphasic insulin 501 52 -1.04

• Monotherapy31 Placebo 232 24 -0.9

• Metformin, sulfonylurea, or both28 None 314 82 -1.1

• Metformin, sulfonylurea, or both59 Placebo 217 156 -1.0

Liraglutide

• Monotherapy (LEAD-3)18 Glimepiride  746 52 -0.84 to -1.14

• Metformin (LEAD-2)33 Placebo or glimepiride 1091 26 -1.0

• Glimepiride (LEAD-1)32 Placebo or rosiglitazone 1041 26 -1.1

• Metformin and rosiglitazone (LEAD-4)34 Placebo  533 26 -1.5

• Metformin and sulfonylurea (LEAD-5)23 Insulin glargine  581 26 -1.33

• Previous oral antihyperglycemics (LEAD-6)60 Exenatide plus previous oral 
antihyperglycemics

 464 26 -1.12

HbA1c—glycated hemoglobin A1c, LEAD—Liraglutide Effect and Action in Diabetes, NA—not applicable, TZD—thiazolidinedione.
*Reported mean change from baseline in patients treated with incretin agents. Where several values are provided (eg, different doses of the study 
drug), either in a single report or in multiple reports, the range of reported mean values is shown.
†Precise value not reported; reduction in HbA1c levels was shown in a figure.
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development program, incidence of pancreatitis is in line 
with expected rates in the T2DM population.64

One potentially important distinction between the 2 
agents relates to their routes of excretion. Exenatide is 
primarily excreted by the kidneys; although dose adjust-
ment is not necessary for patients with moderate renal 
impairment (creatinine clearance 30 to 80 mL/min), it 
might be required for those with more severe kidney dis-
ease.65 Clearance of liraglutide, by contrast, is independ-
ent of the kidneys and the creatinine clearance rate.66

The available clinical studies offer important insights 
into the place of these new agents among the thera-
peutic options for T2DM care, as discussed below.

Exenatide. Exenatide is a synthetic version of a Gila 
monster salivary peptide that has 53% sequence identity 
with human GLP1.67 It has a half-life of 2.4 hours after 
subcutaneous injection in humans, with peak action 
achieved after 2 to 3 hours.30 Studies showed that when 
administered twice daily, immediately before breakfast 
and dinner, exenatide lowered glucose for 5 to 7 hours, 
predominantly affecting glycemic excursion at those 
meals. Postlunch hyperglycemia and fasting blood glu-
cose levels also declined significantly (P < .05).63,68

Exenatide’s efficacy as monotherapy (5- and 10-µg 
twice-daily dosing) was explored in 1 study, which 
found that HbA1c levels declined steadily during the first 
12 weeks of treatment and remained stable at 0.7% and 
0.9% below baseline, respectively for the 2 different dos-
ages.31 Patients experienced dose-dependent weight 
loss (2.8 and 3.1 kg, respectively) and improved systolic 
and diastolic blood pressure. In other studies, in which 
exenatide (10 µg twice daily) was combined with either 
metformin or a sulfonylurea, similar improvements in 
HbA1c levels occurred, with stable values of 0.8% to 0.9% 
below baseline.24,25 In the exenatide-sulfonylurea study, 
41% of patients achieved HbA1c levels below 7.0%.25 Both 
combinations also caused progressive weight loss.24,25

Exenatide has also been studied in more complex 
regimens, as an add-on to metformin plus either a sul-
fonylurea or a TZD. In combination with metformin and 
a sulfonylurea, exenatide (10 µg twice daily) led to a 
mean placebo-adjusted reduction in HbA1c levels of 1.0%, 
with 34% of patients achieving HbA1c levels below 7.0% 
after 30 weeks.26 Again, significant weight loss of 1.6 kg 
occurred (P ≤ .01).26 In this multidrug regimen, patients 
treated with exenatide experienced changes in HbA1c 
levels similar to those observed in patients receiving 
once-daily insulin glargine20 or twice-daily biphasic 
insulin,22 but with weight loss instead of the weight 
gain associated with insulin treatments.20,22 Likewise, 
when combined with metformin plus a TZD, exena-
tide reduced HbA1c levels by an average of 0.9%, with a 
1.5-kg weight reduction.27

In a longer-term, open-label extension trial of exena-
tide used as an add-on to sulfonylureas or metformin, 

patients experienced a mean reduction in HbA1c levels 
of 1.1% by 82 weeks, with half achieving HbA1c levels 
below 7.0%. Mean weight loss from baseline was 4.4 kg. 
Four severe cases of hypoglycemia were reported, all 
associated with sulfonylurea use.28 Decreased HbA1c lev-
els and weight loss were sustained after 3 years.

In addition to the twice-daily formulation discussed 
above, a longer-acting exenatide formulation has been 
devised for once-weekly dosing. Extended-release exena-
tide appears to offer improved glycemic control relative 
to twice-daily exenatide, with similar body-weight bene-
fits.69 More clinical findings are expected for extended-
release exenatide (registered with www.clinicaltrials.
gov as NCT00308139 and NCT00877890), as well as for 
albiglutide (registered with www.clinicaltrials.gov as 
NCT00849017 and NCT00838916), a novel GLP1 receptor 
agonist that might also offer good glycemic control with 
infrequent dosing.70

Liraglutide. Liraglutide is a GLP1 analogue with 97% 
sequence identity to the human hormone. Liraglutide 
contains a single amino acid substitution relative to 
endogenous GLP1 and is linked to a fatty acid chain, 
resulting in slow absorption into circulation, increased 
reversible albumin binding, and reduced susceptibil-
ity to DPP4. These effects extend liraglutide’s benefits, 
increasing its plasma half-life to 11 to 15 hours,71,72 with 
maximal concentration after 8 to 12 hours.73 Injected 
once daily, at any time of day, irrespective of meals, 
liraglutide reduced fasting blood glucose and glycemic 
excursions associated with all meals.18

Most recently, a series of 6 phase 3 studies (the 
Liraglutide Effect and Action in Diabetes [LEAD] studies) 
tested the use of liraglutide in different therapeutic regi-
mens. The LEAD studies examined glycemic and weight 
effects and the safety of once-daily liraglutide (alone or 
in combination with other treatments), compared with 
placebo or active comparators.

The year-long LEAD-3 study explored liraglutide’s 
use as possible monotherapy; LEAD-3 patients discon-
tinued previous oral antihyperglycemics and received 
either the sulfonylurea glimepiride or liraglutide, the 
latter at 1 of 2 doses (1.2 or 1.8 mg). The mean reduc-
tion in HbA1c levels with liraglutide was dose-dependent 
(-0.84% [SD 1.23%] vs -1.14% [SD 1.24%], respectively), 
but liraglutide at either dose was superior to glimepi-
ride.18 Half of patients administered the higher dose of 
liraglutide achieved HbA1c levels below 7.0%.18 Within 
16 weeks of treatment, mean body-weight reduction 
compared with glimepiride was 3.2 kg and 3.6 kg with 
liraglutide, depending on dose. Both the HbA1c levels 
and weight reductions were sustained throughout the 
52-week study.18

In LEAD-1, LEAD-2, and LEAD-4, researchers tested 
the use of liraglutide combined with glimepiride, met-
formin, or metformin and rosiglitazone, respectively. 
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These combination regimens reduced mean HbA1c lev-
els by more than 1% over 26 weeks.32-34 Liraglutide had 
consistent beneficial effects on body weight, relative 
to the comparable regimen without liraglutide. For 
instance, in patients receiving liraglutide and met-
formin, mean weight was reduced by 1.8 to 2.8 kg, 
depending on liraglutide dose.33 In addition, as seen 
across the LEAD studies, treatment with liraglutide 
led to consistent improvements relative to baseline 
in systolic blood pressure.74 Further, β-cell function 
also increased with liraglutide treatment,75 as has 
been observed in studies of sitagliptin.76,77 Incidence 
of hypoglycemia was low with liraglutide, both in mono-
therapy18 and in combination regimens.

In LEAD-5, once-daily liraglutide was compared dir-
ectly with insulin glargine in patients receiving con-
comitant metformin and glimepiride.23 Liraglutide led to 
significantly lower HbA1c levels compared with glargine 
(P = .0015). As is commonly observed following transi-
tion to insulin,78 patients starting glargine gained weight. 
Conversely, those administered liraglutide lost weight, 
with a difference of 3.5 kg at study’s end.23 These data,23 
along with a similar study of exenatide versus insulin 
glargine in patients using metformin and a sulfonyl-
urea,20 suggest that the GLP1 receptor agonists represent 
attractive alternatives to insulin treatment in patients for 
whom oral combination therapy does not work.

The final LEAD study, LEAD-6, offers a head-to-head 
comparison between the 2 GLP1 receptor agonists.60 In 
this study, liraglutide and exenatide both significantly 
reduced HbA1c levels relative to baseline. However, the 
extent of this reduction was significantly greater for lir-
aglutide (P < .0001). Treatment-associated nausea 
declined with time for both study arms but persisted 
longer in patients treated with exenatide. Hypoglycemia 
was also less frequent in patients treated with liraglutide.

Analysis across the available LEAD studies shows a 
consistent improvement in HbA1c levels with liraglutide 
(1.0% to 1.6%), and a very low incidence of hypogly-
cemic episodes. In addition, liraglutide treatment was 
associated with sustained weight loss, systolic blood 
pressure reduction, and improved β-cell function.18,23,32-34

Conclusion
With accumulating data establishing the glycemic con-
trol and other benefits of the incretin agents, it is now 
possible to envision how these new drugs might eventu-
ally be incorporated into routine care of T2DM.

The 4 agents reviewed in Table 118,20,22-37 are similar 
with respect to their low risk of hypoglycemia, but some 
salient differences have emerged among them. The 
DPP4 inhibitors control glucose parameters with com-
parable efficacy to other antihyperglycemics, without 
associated weight gain or hypoglycemia.35 (The DPP4 
inhibitor saxagliptin received approval from Health 
Canada during the final stages of revision of this review. 

Concomitant use of saxagliptin and metformin has been 
explored in patients failing metformin monotherapy14 
and those naïve to pharmacologic treatment.79)

Compared with the DPP4 inhibitors, the GLP1 receptor 
agonists might yield greater reductions in HbA1c levels.47 
Indeed, when used as part of multidrug regimens, both 
exenatide and liraglutide appear to be at least as effect-
ive as insulin therapy. Because insulin (unlike the incretin 
agents and other antihyperglycemics) has no absolute 
ceiling dose,3 there is no theoretical limit to its efficacy. 
In practice, however, insulin dosing is constrained by the 
danger of serious hypoglycemia, a concern that does not 
apply when the incretin agents are used in monotherapy. 
Studies in the postmarketing setting will be required to 
determine whether insulin or the GLP1 receptor agonists 
offer patients superior glycemic control in routine use.

In addition to their efficacy in controlling hypergly-
cemia, the GLP1 receptor agonists offer the advantage 
of weight loss (not seen with the DPP4 inhibitors) and 
they delay gastric emptying, a desirable effect for con-
trolling postmeal glycemia, but one that can be associ-
ated with nausea in some patients. For both exenatide 
and liraglutide, nausea is generally transient, although 
it apparently persists longer in patients taking exena-
tide.60 Patients taking either of these agents should 
therefore be advised to eat small, frequent meals, par-
ticularly during the early weeks of treatment. Finally, for 
patients with renal impairment, the reduced clearance 
of exenatide could represent an additional consideration 
in choosing between the GLP1 receptor agonists.66

For many newly diagnosed patients, the CDA-
recommended target of HbA1c levels of 7.0% or lower 
might be achievable within 6 months using monother-
apy with sitagliptin,38 vildagliptin,48 exenatide,31 or lir-
aglutide.18 Indeed, it appears the more ambitious target 
of HbA1c levels of 6.5% or lower (appropriate for certain 
patients, according to the CDA, to reduce risk of diabetic 
nephropathy) is also achievable within this time frame 
for at least one-third of such patients.18,31,39

The CDA stopped short of recommending this latter tar-
get for most patients, recognizing the findings from the 
recent ACCORD (Action to Control Cardiovascular Risk in 
Diabetes) study,80 which examined the effects of targeting 
HbA1c levels of 6.0% or lower in patients with T2DM and 
a history of, or risk factors for, CVD. The ACCORD study 
showed increased mortality among patients undergoing 
intensive treatment to control HbA1c levels; data from this 
trial also suggested that intensive control could increase 
risk of severe hypoglycemia, while failing to yield signifi-
cant reduction in CVD outcomes. However, these findings 
should be compared with those in 2 other large trials—
ADVANCE (Action in Diabetes and Vascular Disease: 
Preterax and Diamicron Modified Release Controlled 
Evaluation)81 and VADT (Veterans Affairs Diabetes Trial)82—
in which intensive glycemic control had no evident effect 
on mortality. It is likely that the safety of intensive glycemic 
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control will depend on the strategies used to achieve it.82 
Using the incretin agents,18,31 it might be possible to attain 
a high level of glycemic control while avoiding the hypo-
glycemia risk seen in the ACCORD study.80

Figure 2 identifies the place of the incretin agents 
in treatment initiation, as described in the 2008 CDA 
treatment guidelines.3 These guidelines emphasize 
that intervention must be aggressive and rapid, using 
monotherapy or combination therapy with agents from 

different classes to achieve the target HbA1c levels within 
6 to 12 months of diagnosis.3

Lifestyle changes represent a first, key step toward 
improved glycemic control in patients with moder-
ately elevated HbA1c levels. However, the guidelines 
recommend that physicians wait only 2 to 3 months 
before introducing pharmacotherapy in patients who do 
not respond adequately. For most patients with T2DM, 
metformin is an appropriate and cost-effective first-line 

Figure 2. Initiating therapy for T2DM according to current CDA Guidelines3: CDA guidelines recommend a target of 
HbA1c ≤7.0% for most patients with T2D. Pharmacotherapy should be introduced and adjusted in a timely fashion in 
order to attain target HbA1c within 6-12 mo of diagnosis. To this end, patients who are not responding adequately to 
lifestyle changes or to metformin monotherapy should advance as quickly as possible to monotherapy or combination 
therapy with second-line agents, such as the incretin agents. Incretin agents should also be considered among the 
�rst-line options in treating patients for whom metformin is contraindicated or inappropriate. The choice among 
second-line options should be made on an individual basis. Among the factors to be considered are the patient’s need 
for postmeal vs basal glycemic control and the need to control the patient’s body weight. In general, insulin, sulfonyl-
urea, and thiazolidinedione treatment can be associated with weight gain. In contrast, DPP4 inhibitors and glucosidase 
inhibitors are weight-neutral, and the GLP1 receptor agonists typically reduce body weight over a period of 2-12 mo.

CDA—Canadian Diabetes Association, DPP4—dipeptidyl peptidase 4, 
GLP1—glucagonlike peptide 1, HbA1c—glycated hemoglobin A1c, T2DM—type 2 diabetes.

Patients with
7.0%>HbA1c>9.0%

Implement lifestyle changes

Introduce metformin for 
appropriate patients

Maintain treatment while 
monitoring HbA1c (usually every 
3 mo), plus basal and postmeal 

hyperglycemia

Introduce pharmacotherapy 
concomitantly with lifestyle 

changes. Consider introducing 
insulin or combination therapy 

using metformin plus a 
second-line agent

Patients with HbA1c ≥9 .0%

Introduce second-line agents 
to reach target HbA1c within 

6 mo by controlling basal 
hyperglycemia, postmeal 
hyperglycemia, or both

Targeting basal hyperglycemia
• Sulfonylureas
• Intermediate- or
   long-acting insulins

Targeting postmeal hyperglycemia
• Glucosidase inhibitors
• Meglinitides
• Short- or rapid-acting insulins

Targeting both
• Incretin agents
  —DPP4 inhibitors (sitagliptin, 
     vildagliptin, or saxagliptin)
  —GLP1 receptor agonists (exenatide  
     or liraglutide)
• Thiazolidinediones
• Insulin premixes and basal-bolus
  regimens

Second-line agents for treating T2DM

If response is
inadequate after 2-3 mo

If response is inadequate or
metformin therapy is inappropriate
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oral agent; it is expected that other treatments will need 
to be added as the disease progresses.3 Sitagliptin is 
approved for use as an add-on to metformin,3 and sax-
agliptin as an add-on to metformin or a sulfonylurea. 
Second-line status (after metformin monotherapy) is 
shared with insulin and all other oral agents,3 con-
sistent with the consensus position of the European 
Association for the Study of Diabetes and the American 
Diabetes Association.83 Second-line status is expected 
to be extended to the GLP1 receptor agonists as they 
become available.84

Incretin agents or other second-line treatments 
should be introduced in a timely fashion, to avoid 
unnecessary delays in achieving target HbA1c lev-
els. They might also be used as first-line treatments in 
patients for whom metformin is inappropriate. Recent 
data, notably reports demonstrating the efficacy of the 
GLP1 receptor agonists in monotherapy,18,31 might justify 
early use of incretin agents in a wider variety of patients 
than is recommended under the current guidelines.

The GLP1 receptor agonists offer additional benefits 
with respect to weight loss; however, the incretin agents 
are all versatile therapies that can be used effectively 
alone or in combination with established antihypergly-
cemics, helping patients achieve robust and sustainable 
reductions in HbA1c levels without increasing their risk 
of hypoglycemia. 
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