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Solving Clinical Conundrums with Incretin-Based Therapy in Type 2 Diabetes

ROLE OF THE INCRETIN SYSTEM IN GLUCOSE 
HOMEOSTASIS
The existence of the incretin system in glucose ho-
meostasis dates back nearly 50 years when it was ob-
served that glucose administered orally produced 
a greater insulin response than glucose adminis-
tered intravenously.1,2 This observation led to the 
identification of the gut peptide hormones glucose- 
dependent insulinotropic polypeptide (GIP) and glu-
cagon-like peptide-1 (GLP-1), whichare primarily  
responsible for the insulinotropic response with oral  
ingestion of carbohydrates. In persons with type 2  
diabetes mellitus (T2DM), the insulino-tropic activ-
ity of GLP-1 is preserved, but that of GIP is greatly di-
minished. As a consequence, the overall insulinotropic 
response of the incretin system is reduced in persons 
with T2DM.3 Further investigation found that admin-
istration of GLP-1 augmented the physiologic level of 
GLP-1 in persons with T2DM, resulting in a decrease 
in fasting and postprandial glucose levels.4 It has been 
determined that GLP-1 exerts its effects on blood glu-
cose by increasing insulin biosynthesis and its release 
in a glucose-dependent manner,5-8 inhibiting glucagon 
secretion in a glucose-dependent manner,5-9 slowing 
the gastric emptying rate,10,11 and promoting satiety.11-13 
In addition to being found in pancreatic islet cells, 
the GLP-1 receptor (GLP-1R) is found in the stomach, 
heart, and hypothalamus.14

GLP-1 is, however, rapidly inactivated in vivo by 
the enzyme dipeptidyl peptidase-4 (DPP-4); this has 
led 2 approaches to overcome the rapid inactivation 
of endogenous GLP-1.15 First, GLP-1R agonists have 
been developed that are resistant to the enzymatic ac-
tion of DPP-4 and act directly on the GLP-1R. Admin-
istration of a GLP-1R agonist achieves a circulating 
concentration of active GLP-1 equivalent to approximately  
60 pmol/L.16 The GLP-1R agonists currently available in 
the United States are exenatide for twice-daily admin-
istration (exenatide BID), exenatide for once-weekly  
administration (exenatide QW), and liraglutide for 
once-daily administration. The other approach to over-
come the rapid inactivation of GLP-1 has been the  
development of agents that block the action of DPP-4, 
thereby raising the physiologic level of endogenous GLP-1 
to approximately 10 pmol/L.17 The DPP-4 inhibitors cur-
rently available are linagliptin, saxagliptin, and sitagliptin.

CLINICAL PHARMACOLOGY OF  
INCRETIN-BASED THERAPY
Glucose lowering 
Among the clinical differences within the 2 classes of 
incretin-based therapy, the glucose-lowering efficacy 
is greater with the GLP-1R agonists, compared with the 
DPP-4 inhibitors. This is thought to be due to the direct 
action of the GLP-1R agonists on the GLP-1R versus 
the indirect action of the DPP-4 inhibitors. Monother-
apy trials generally show that the GLP-1R agonists re-
duce the A1C level by 0.5% to 1.5%18-23 and the DPP-4 
inhibitors by 0.5% to 0.9%.24-29 When added to the com-
bination of lifestyle intervention and metformin, the 
addition of a GLP-1R agonist or DPP-4 inhibitor gener-
ally results in similar or slightly greater A1C reductions,  
compared with monotherapy with a GLP-1R agonist 
or DPP-4 inhibitor.9,30-40 The A1C reduction is gener-
ally greater in patients with a high A1C. Exenatide BID  
10 mcg twice daily for 26 weeks lowered the A1C 0.8% in 
all patients (mean baseline A1C level, 8.1%), while those 
with a baseline A1C level ≥10.0% achieved a decrease 
of 1.2%.30 For patients with a baseline A1C of 8.2%, li-
raglutide 1.8 mg once daily for 26 weeks resulted in a 
reduction of the A1C level of 1.1%, compared with 2.4% 
in those with a baseline A1C level ≥10.0%.9 Sitagliptin 
100 mg once daily for 24 weeks lowered the A1C lev-
el 0.6% for those with a baseline A1C <8.0%, 0.8% for 
those with a baseline A1C of 8.0% to 8.9%, and 1.5% 
for those with a baseline A1C ≥9.0%.25 Linagliptin 
5 mg once daily for 24 weeks lowered the A1C level 0.7% 
from baseline in all patients, compared with 1.0% in pa-
tients with a baseline A1C ≥9.0%.29

Nonglycemic effects
Effects on nonglycemic parameters, such as body weight, 
lipids, and blood pressure (BP), are also important con-
siderations when individualizing glucose-lowering ther-
apy for patients with T2DM. Most patients treated with 
a GLP-1R agonist lose 1 kg to 4 kg.18-22,41 Patients treated 
with a DPP-4 inhibitor generally have a slight increase or 
decrease in body weight, which is considered a weight- 
neutral effect.24-26,28,29 The amount of weight lost with 
a GLP-1R agonist may increase in patients with higher 
body mass index.42 The weight loss–promoting effect of 
the GLP-1R agonists is likely due to a reduction in caloric 
intake by promoting satiety, and possibly delaying gas-
tric emptying.4,13,43 A 6-week crossover study showed that 
exenatide BID reduced caloric intake by 134 kcal follow-
ing a standardized meal, while caloric intake increased 
130 kcal with sitagliptin.11 Both exenatide and liraglutide 
have been shown to reduce fat body mass more than 
lean body mass.43-47
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Effects on BP and lipids are relatively modest. The 
GLP-1R agonists are generally associated with a 1 to  
7 mm Hg reduction in systolic BP, but have no signifi-
cant effect on diastolic BP.9,18,20,21,34,48-54 Most studies in-
volving a DPP-4 inhibitor have shown a minimal effect 
on BP.34,40,48,55 However, a recent study involving sita-
gliptin showed a 10 mm Hg reduction in systolic BP over  
6 months.56 With respect to the lipid profile, the great-
est effect of the GLP-1R agonists and DPP-4 inhibitors is 
on the triglyceride level, although some improvement in 
the low-density lipoprotein cholesterol and high-density 
lipoprotein cholesterol levels may be observed. A reduc-
tion in the triglyceride level of 12 to 40 mg/dL has been 
observed with the GLP-1R agonists, while an increase of 
16 mg/dL to a decrease of 35 mg/dL has been observed 
with the DPP-4 inhibitors.9,20,21,26,41,48,50-55,57

Adverse events and safety
The GLP-1R agonists and DPP-4 inhibitors are gener-
ally considered safe and well tolerated with a side effect 
profile that may be an improvement over some other 
glucose-lowering therapies.58 Common adverse events 
are listed in Table 1.59-64 While common with most glu-
cose-lowering agents, hypoglycemia is infrequent with 
GLP-1R agonist and DPP-4 inhibitor monotherapy, oc-
curring less frequently than with the sulfonylureas or 
meglitinides.58 However, when they are combined with 
a sulfonylurea, the frequency and severity of hypogly-
cemia are increased.65-71 Consequently, reducing the 
dose of the sulfonylurea is recommended with close 
monitoring when used in combination with a GLP-1R 
agonist or DPP-4 inhibitor. Other adverse events such 
as nausea and vomiting with the GLP-1R agonists, as 
well as long-term safety, are discussed below.

The use of the GLP-1R agonists and DPP-4 inhibi-
tors in patients with kidney dysfunction or who are 

pregnant, lactating, or elderly may require caution or 
dose modification (Table 2).59-64

SOLVING CLINICAL CONUNDRUMS
The clinical use of incretin-based therapy requires se-
lecting the agent that best meets a patient’s needs and 
capabilities, with subsequent modification as needed. 
The following are suggestions to address common co-
nundrums faced in managing patients with T2DM with 
incretin-based therapy.

Why not initiate incretin-based therapy early in the 
management of patients with T2DM?
Incretin-based therapy can be initiated early in the man-
agement of patients with T2DM, as all 6 incretin-based 
agents are indicated as an “adjunct to diet and exercise 
to improve glycemic control in adults with T2DM.”59-64 
Of course, metformin remains the recommended initial 
pharmacologic therapy for most patients with T2DM 
because of its many benefits and few limitations.58,72 
However, should there be a contraindication or patient 
intolerance to metformin, any of the other classes of 
glucose-lowering agents is an option based upon patient 
characteristics or special issues. Should the avoidance 
of hypoglycemia be a concern, a GLP-1R agonist, DPP-4  
inhibitor, or thiazolidinedione would be the preferred 
choices. Should the avoidance of weight gain be a con-
cern, a GLP-1R agonist or DPP-4 inhibitor would be the 
preferred choices.73

Instead of using a GLP-1R agonist, why not use 
insulin?
Insulin is clearly the most effective glucose-lower- 
ing agent available and, along with a sulfonylurea, 
thiazolidinedione, DPP-4 inhibitor, or GLP-1R agonist,  
is a recommended option for use in combination 

 TABLE 1  Adverse events of GLP-1R agonists and DPP-4 inhibitors with an incidence of at least 5% and 
more frequently than placebo/comparator.59-64

Adverse events

GLP-1R agonists

Exenatide BID Nausea, hypoglycemia, vomiting, diarrhea, feeling jittery, dizziness, headache, dyspepsia, constipation, asthenia

Exenatide QW Nausea, diarrhea, headache, vomiting, constipation, injection site pruritus, injection site nodule, dyspepsia

Liraglutide Headache, nausea, diarrhea, anti-liraglutide antibody formation

DPP-4 inhibitors

Linagliptin Nasopharyngitis

Saxagliptin Upper respiratory tract infection, urinary tract infection, headache

Sitagliptin Upper respiratory tract infection, nasopharyngitis, headache

BID, twice per day; DPP-4, dipeptidyl peptidase-4; GLP-1R, glucagon-like peptide-1 receptor; QW, once weekly.
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with metformin and lifestyle management.72 The bene-
fits of insulin therapy can be limited by frequent hypo-
glycemia and weight gain, as well as the need for self- 
injection and frequent self-monitoring of blood glucose. 
While the A1C-lowering capacity of a GLP-1R agonist 
is 0.5% to 1.5%, which is less than with insulin, and the  
GLP-1R agonists require subcutaneous injection, they 
have important advantages, compared with insulin. 
These include a low incidence of hypoglycemia and rare 
occurrence of major hypoglycemia, and, as noted ear-
lier, the GLP-1R agonists promote weight loss. Thus, for 
patients in whom hypoglycemia is a primary concern 
or weight loss is especially important, the addition of a 
GLP-1R agonist may be a good alternative to insulin.73

How do I choose among the GLP-1R agonists and 
DPP-4 inhibitors?
The results of 8 trials comparing one incretin-based 
agent with another provide a good understanding of 
the similarities and differences among these 6 agents. 
The following are some of the significant findings from 
these studies9,11,34,48,49,74-76:

Glucose-lowering effects
•  A1C

–Liraglutide > exenatide BID9,49

–Exenatide QW > sitagliptin34

–Liraglutide > sitagliptin48,74

–Sitagliptin = saxagliptin76

•  Fasting plasma glucose
–Liraglutide > exenatide BID9,49

–Exenatide BID = sitagliptin75

–Exenatide QW > sitagliptin34

–Liraglutide > sitagliptin48,74

–Sitagliptin = saxagliptin76

•  Postprandial glucose
	 –Exenatide BID > sitagliptin75

Weight loss
•  Exenatide BID = liraglutide9,49

•  Exenatide BID > sitagliptin75

•  Exenatide QW > sitagliptin34

•  Liraglutide > sitagliptin48,74

•  Sitagliptin = saxagliptin76

Low rates of minor hypoglycemia with each of the 
GLP-1R agonists and DPP-4 inhibitors were observed 
in these 8 clinical trials. In addition, there were only a 
few episodes of major hypoglycemia (requiring third- 
party assistance).

What is known about the long-term safety of the 
incretin-based therapies? What should I tell my 
patients?
Clinical trials and postmarketing reports have iden-
tified various potential safety issues that are being 
actively investigated. Pancreatitis has been reported 
with each of the incretin-based therapies, but a clear 

 Table 2   Use of GLP-1R agonists and DPP-4 inhibitors in special populations

Kidney Dysfunction/↓CrCl Pregnancy Lactation/breast feeding Elderly

GLP-1R agonists

Exenatide BID <30: Contraindicated

30-50: Caution

50-80: No dose change

Category C Discontinue breast 
feeding or discontinue 
GLP-1R agonist

No impact of age on safety or 
effectiveness; use caution

Exenatide QW

Liraglutide Use with caution; no dose 
change

No impact of age on safety or 
effectiveness

DPP-4 inhibitors

Linagliptin No dose change Category B Caution No impact of age on safety 
or effectiveness; no dose 
change

Saxagliptin ≤50: 2.5 mg QD

>50: No dose change

No impact of age on safety or 
effectiveness; use caution

Sitagliptin <30: 25 mg QD

30-49: 50 mg QD

≥50: No dose change

BID, twice per day; CrCl, creatinine clearance mL/min; DPP-4, dipeptidyl peptidase-4; GLP-1R, glucagon-like peptide-1 receptor; QD, once daily; QW, once weekly.
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association has not been established, in part because 
persons with T2DM have a nearly 3-fold higher inci-
dence of pancreatitis than normoglycemic control.77 
Additionally, a claims-based study involving 88 000 
patients showed a similar risk of pancreatitis with 
exenatide or sitagliptin as with metformin or glybu-
ride.78 Until the results of ongoing studies and surveil-
lance studies have been completed, it may be best to 
avoid incretin-based therapy in patients with a history 
of pancreatitis. 

With respect to the GLP-1R agonists, postmarketing 
reports and rodent studies suggested that these agents 
might cause medullary thyroid cancer (MTC). Further 
studies with liraglutide have revealed a small increase 
in the calcitonin level, a biomarker for MTC, but one 
that  is still within the normal range.79 Another investi-
gation suggests that C-cell hyperplasia in mice and rats 
may result from a GLP-1R–mediated mechanism, since 
exposure to liraglutide at 60 times the human dose for  
20 months did not cause MTC in monkeys.80 The US Food 
and Drug Administration (FDA) has mandated ongoing 
studies and a 15-year cancer registry for exenatide QW 
and liraglutide. During the FDA review of liraglutide, 
saxagliptin, and linagliptin, new standards regarding 
cardiovascular safety for all new antidiabetic drugs were 
adopted. Based on these new standards, the possibility 
of adverse cardiovascular events with liraglutide, saxa-
gliptin, and linagliptin could not be definitively ruled out. 
Additional clinical trials to better assess the potential for 
cardiovascular risk with these 3 agents are ongoing.

Other safety investigations involving each of the 
GLP-1R agonists and DPP-4 inhibitors are under way 

(Table 3).81-86 These investigations should identify any 
safety concerns much sooner than relying on postmar-
keting reports.

What are the recommendations for blood glucose 
monitoring with incretin-based therapy?
Current recommendations by the American Diabetes 
Association/European Association for the Study of 
Diabetes and American Association of Clinical Endo-
crinologists/American College of Endocrinology pro-
vide no specific advice regarding self-monitoring of 
blood glucose for patients using incretin-based thera-
py. In addition, the approved product labeling for the  
6 incretin-based therapies only indicate that “patients 
should also be informed about the importance of … 
periodic blood glucose monitoring and A1C test-
ing…”59-64 Since a key role for blood glucose monitor-
ing is to reduce the risk of or identify hypoglycemic 
episodes, and the incidence of minor hypoglycemia is 
low and major hypoglycemia rare with incretin-based 
therapies, regular self-monitoring of blood glucose 
seems unnecessary. However, should incretin-based 
therapy be used in combination with a secretagogue 
or insulin, more frequent monitoring of blood glucose 
is recommended. Patients should be educated about 
the signs and symptoms of hypoglycemia, proper 
treatment of low blood sugars, and ways in which to 
minimize future hypoglycemic episodes.

What strategies can be employed to minimize the 
risk of nausea/vomiting with a GLP-1R agonist?
Early clinical trials showed that nausea and/or vomit-

 Table 3   Selected FDA-mandated ongoing safety investigations

Safety issue

GLP-1R agonists DPP-4 inhibitors

Exenatide BID Exenatide QW Liraglutide Linagliptin Saxagliptin Sitagliptin

Acute pancreatitis ✔ ✔ ✔ ✔ ✔ ✔

Thyroid cancer ✔ ✔ ✔

Pancreatic cancer ✔ ✔

Cancer, other ✔

Biliary function ✔

Cardiovascular ✔ ✔ ✔ ✔

Renal safety ✔ ✔ ✔ ✔

Hypersensitivity reaction ✔ ✔

Hepatic events ✔

Bone fracture ✔

BID, twice per day; DPP-4, dipeptidyl peptidase-4; FDA, US Food and Drug Administration; GLP-1R, glucagon-like peptide-1 receptor; QW, once weekly.
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ing was commonly experienced by patients treated with  
a GLP-1R agonist. Subsequent clinical trials initi-
ated treatment with exenatide BID and liraglutide 
using a dose escalation strategy, resulting in a lower 
incidence of nausea and vomiting.9 The recommended 
dose escalation strategies are as follows: Exenatide BID  
should be initiated at a dose of 5 mcg twice daily and 
taken within 60 minutes before the morning and eve-
ning meals. The dose of exenatide BID can be increased 
to 10 mcg twice daily after 1 month, based on glycemic 
response.59 Liraglutide should be initiated at a dose 
of 0.6 mg once daily for 1 week, then increased to  
1.2 mg once daily. If acceptable glycemic control is not 
achieved at a daily dose of 1.2 mg, the dose of liraglu-
tide can be increased to 1.8 mg once daily. Liraglutide 
can be taken independent of meals.61 Exenatide QW is 
initiated at a dose of 2 mg once weekly without dose 
escalation at any time of the day and without regard to 
meals.60

Other strategies that can be employed to minimize 
the risk of nausea and/or vomiting with GLP-1R agonist 
therapy include lengthening the time period over which 
dose, escalation is achieved; temporarily reducing the 
dose should nausea and/or vomiting occur; taking ex-
enatide closer to mealtime than 1 hour; and stopping 
eating upon feeling full.87-89 Another recommendation 
is to have patients eat one-quarter to one-third less of 
their usual total food volume at all meals. This will pre-
vent them from feeling bloated or full, which may be 
the cause of nausea and gastrointestinal discomfort.

What strategies do you suggest to address  
patient barriers and improve adherence with 
incretin-based therapy?
The generally complex nature of patient adherence re-
quires a multifaceted approach to improve it. Health 
care providers and their ancillary support staff can be 
instrumental in improving patient adherence and pro-
moting self-management. Elements of this multifaceted 
approach include fostering a collaborative relationship 
with the patient, individualizing and modifying therapy 
as needed, and providing ongoing education and sup-
port to foster patient self-management.90 Setting goals 
based on the patient’s situation (eg, life expectancy, 
social situation) and simplifying the treatment regimen 
are also essential.90,91

Recommendations to improve adherence with 
incretin-based therapy include identifying and re-
solving specific patient concerns. Reviewing the ben-
efits of these agents, particularly weight effects and  
the low incidence of hypoglycemia, can contribute to  
patient self-motivation. Needle phobia with the GLP-1R  

agonists, if present, can often be overcome by having 
the patient self-inject in the office using the appropri-
ate pen/device. Discussing cost concerns and deter-
mining insurance coverage are especially important. 
Prescription assistance programs through manufactur-
ers or the state can also be helpful.                                      

References
	 1. 	�Elrick H, Stimmler L, Hlad CJ Jr, Arai Y. Plasma insulin response to oral and intra-

venous glucose administration. J Clin Endocrinol Metab. 1964;24(10):1076-1082.
	 2. 	�Nauck MA, Homberger E, Siegel EG, et al. Incretin effects of increasing glucose 

loads in man calculated from venous insulin and C-peptide responses. J Clin En-
docrinol Metab. 1986;63(2):492-498.

	 3. 	�Toft-Nielsen MB, Damholt MB, Madsbad S, et al. Determinants of the impaired 
secretion of glucagon-like peptide-1 in type 2 diabetic patients. J Clin Endocrinol 
Metab. 2001;86(8):3717-3723.

	 4. 	�Zander M, Madsbad S, Madsen JL, Holst JJ. Effect of 6-week course of glucagon-
like peptide 1 on glycaemic control, insulin sensitivity, and beta-cell function in 
type 2 diabetes: a parallel-group study. Lancet. 2002;359(9309):824-830.

	 5. 	�Kreymann B, Williams G, Ghatei MA, Bloom SR. Glucagon-like peptide-1 7-36: a 
physiological incretin in man. Lancet. 1987;2(8571):1300-1304.

	 6. 	�Fehmann HC, Habener JF. Insulinotropic hormone glucagon-like peptide-
I(7-37) stimulation of proinsulin gene expression and proinsulin biosynthesis in 
insulinoma beta TC-1 cells. Endocrinology. 1992;130(1):159-166.

	 7. 	�Näslund E, Bogefors J, Skogar S, et al. GLP-1 slows solid gastric emptying and 
inhibits insulin, glucagon, and PYY release in humans. Am J Physiol. 1999;277
(3 Pt 2):R910-R916.

	 8. 	�Nauck MA, Heimesaat MM, Behle K, et al. Effects of glucagon-like peptide 1 on 
counterregulatory hormone responses, cognitive functions, and insulin secre-
tion during hyperinsulinemic, stepped hypoglycemic clamp experiments in 
healthy volunteers. J Clin Endocrinol Metab. 2002;87(3):1239-1246.

	 9. 	�Buse JB, Rosenstock J, Sesti G, et al; LEAD-6 Study Group. Liraglutide once a day 
versus exenatide twice a day for type 2 diabetes: a 26-week randomised, parallel-
group, multinational, open-label trial (LEAD-6). Lancet. 2009;374(9683):39-47.

	10. 	�Delgado-Aros S, Kim DY, Burton DD, et al. Effect of GLP-1 on gastric volume, 
emptying, maximum volume ingested, and postprandial symptoms in humans. 
Am J Physiol Gastrointest Liver Physiol. 2002;282(3):G424-G431.

	11. 	�DeFronzo RA, Okerson T, Viswanathan P, Guan X, Holcombe JH, MacConell L. 
Effects of exenatide versus sitagliptin on postprandial glucose, insulin and glu-
cagon secretion, gastric emptying, and caloric intake: a randomized, cross-over 
study. Curr Med Res Opin. 2008;24(10):2943-2952.

	12. 	�Gutzwiller JP, Göke B, Drewe J, et al. Glucagon-like peptide-1: a potent regulator 
of food intake in humans. Gut. 1999;44(1):81-86.

	13. 	�Gutzwiller JP, Drewe J, Göke B, et al. Glucagon-like peptide-1 promotes satiety 
and reduces food intake in patients with diabetes mellitus type 2. Am J Physiol. 
1999;276(5 Pt 2):R1541-R1544.

	14. 	Drucker DJ. The biology of incretin hormones. Cell Metab. 2006;3(3):153-165.
	15. 	�Baggio LL, Drucker DJ. Biology of incretins: GLP-1 and GIP. Gastroenterology. 

2007;132(6):2131-2157.
	16. 	�Holst JJ, Deacon CF. Glucagon-like peptide-1 mediates the therapeutic actions of 

DPP-IV inhibitors. Diabetologia. 2005;48(4):612-615.
	17. 	�Herman GA, Bergman A, Stevens C, et al. Effect of single oral doses of sitagliptin, 

a dipeptidyl peptidase-4 inhibitor, on incretin and plasma glucose levels after 
an oral glucose tolerance test in patients with type 2 diabetes. J Clin Endocrinol 
Metab. 2006;91(11):4612-4619.

	18. 	�Russell-Jones D, Cuddihy RM, Hanefeld M, et al; DURATION-4 Study Group. 
Efficacy and safety of exenatide once weekly versus metformin, pioglitazone, 
and sitagliptin used as monotherapy in drug-naive patients with type 2 diabetes  
(DURATION-4): a 26-week double-blind study. Diabetes Care. 2012;35(2):
252-258.

	19. 	�Nelson P, Poon T, Guan X, Schnabel C, Wintle M, Fineman M. The incretin mi-
metic exenatide as a monotherapy in patients with type 2 diabetes. Diabetes 
Technol Ther. 2007;9(4):317-326.

	20. 	�Moretto TJ, Milton DR, Ridge TD, et al. Efficacy and tolerability of exenatide 
monotherapy over 24 weeks in antidiabetic drug-naive patients with type 2 dia-
betes: a randomized, double-blind, placebo-controlled, parallel-group study. 
Clin Ther. 2008;30(8):1448-1460.

	21. 	�Garber A, Henry R, Ratner R, et al; LEAD-3 (Mono) Study Group. Liraglutide 
versus glimepiride monotherapy for type 2 diabetes (LEAD-3 Mono): a ran-
domised, 52-week, phase III, double-blind, parallel-treatment trial. Lancet. 
2009;373(9662):473-481.

	22. 	�Garber A, Henry RR, Ratner R, Hale P, Chang CT, Bode B; LEAD-3 (Mono) Study 
Group. Liraglutide, a once-daily human glucagon-like peptide-1 analogue, pro-



Supplement to Clinician Reviews  |  Vol 22, No 12  |  December 2012   S7

vides sustained improvements in glycaemic control and weight for 2 years as 
monotherapy compared with glimepiride in patients with type 2 diabetes. Dia-
betes Obes Metab. 2011;13(4):348-356.

	23. 	�Vilsbøll T, Zdravkovic M, Le-Thi T et al. Liraglutide, a long-acting human glu-
cagon-like peptide-1 analog, given as monotherapy significantly improves gly-
cemic control and lowers body weight without risk of hypoglycemia in patients 
with type 2 diabetes. Diabetes Care. 2007;30(6):1608-1610.

	24. 	�Raz I, Hanefeld M, Xu L, Caria C, Williams-Herman D, Khatami H; Sitagliptin 
Study 023 Group. Efficacy and safety of the dipeptidyl peptidase-4 inhibitor  
sitagliptin as monotherapy in patients with type 2 diabetes mellitus. Diabetolo-
gia. 2006;49(11):2564-2571.

	25. 	�Aschner P, Kipnes MS, Lunceford JK, Sanchez M, Mickel C, Williams-Herman 
DE; Sitagliptin Study 021 Group. Effect of the dipeptidyl peptidase-4 inhibitor 
sitagliptin as monotherapy on glycemic control in patients with type 2 diabetes. 
Diabetes Care. 2006;29(12):2632-2637.

	26. 	�Scott R, Wu M, Sanchez M, Stein P. Efficacy and tolerability of the dipeptidyl  
peptidase-4 inhibitor sitagliptin as monotherapy over 12 weeks in patients with 
type 2 diabetes. Int J Clin Pract. 2007;61(1):171-180.

	27. 	�Rosenstock J, Aguilar-Salinas C, Klein E, Nepal S, List J, Chen R; CV181-011 Study 
Investigators. Effect of saxagliptin monotherapy in treatment-naïve patients with 
type 2 diabetes. Curr Med Res Opin. 2009;25(10):2401-2411.

	28. 	�Rosenstock J, Sankoh S, List JF. Glucose-lowering activity of the dipeptidyl  
peptidase-4 inhibitor saxagliptin in drug-naïve patients with type 2 diabetes. 
Diabetes Obes Metab. 2008;10(5):376-386.

	29. 	�Del Prato S, Barnett AH, Huisman H, Neubacher D, Woerle HJ, Dugi KA. Effect of 
linagliptin monotherapy on glycaemic control and markers of β-cell function in 
patients with inadequately controlled type 2 diabetes: a randomized controlled 
trial. Diabetes Obes Metab. 2011;13(3):258-267.

	30. 	�Kendall DM, Riddle MC, Rosenstock J, et al. Effects of exenatide (exendin-4) on 
glycemic control over 30 weeks in patients with type 2 diabetes treated with met-
formin and a sulfonylurea. Diabetes Care. 2005;28(5):1083-1091.

	31. 	�Barnett AH, Burger J, Johns D, et al. Tolerability and efficacy of exenatide and 
titrated insulin glargine in adult patients with type 2 diabetes previously uncon-
trolled with metformin or a sulfonylurea: a multinational, randomized, open- 
label, two-period, crossover noninferiority trial. Clin Ther. 2007;29(11):2333-2348.

	32. 	�DeFronzo RA, Ratner RE, Han J, Kim DD, Fineman MS, Baron AD. Effects of  
exenatide (exendin-4) on glycemic control and weight over 30 weeks in metfor-
min-treated patients with type 2 diabetes. Diabetes Care. 2005;28(5):1092-1100.

	33. 	�Kim D, MacConell L, Zhuang D, et al. Effects of once-weekly dosing of a long-
acting release formulation of exenatide on glucose control and body weight in 
subjects with type 2 diabetes. Diabetes Care. 2007;30(6):1487-1493.

	34. 	�Bergenstal RM, Wysham C, MacConell L, et al; DURATION-2 Study Group. Ef-
ficacy and safety of exenatide once weekly versus sitagliptin or pioglitazone as 
an adjunct to metformin for treatment of type 2 diabetes (DURATION-2): a ran-
domised trial. Lancet. 2010;376(9739):431-439.

	35. 	�Nauck M, Frid A, Hermansen K, et al; LEAD-2 Study Group. Efficacy and safety 
comparison of liraglutide, glimepiride, and placebo, all in combination with 
metformin, in type 2 diabetes: the LEAD (liraglutide effect and action in diabe-
tes)-2 study. Diabetes Care. 2009;32(1):84-90.

	36. 	�Charbonnel B, Karasik A, Liu J, Wu M, Meininger G; Sitagliptin Study 020 Group. 
Efficacy and safety of the dipeptidyl peptidase-4 inhibitor sitagliptin added to 
ongoing metformin therapy in patients with type 2 diabetes inadequately con-
trolled with metformin alone. Diabetes Care. 2006;29(12):2638-2643.

	37. 	�Scott R, Loeys T, Davies MJ, Engel SS; Sitagliptin Study 801 Group. Efficacy and 
safety of sitagliptin when added to ongoing metformin therapy in patients with 
type 2 diabetes. Diabetes Obes Metab. 2008;10(10):959-969.

	38. 	�DeFronzo RA, Hissa MN, Garber AJ, et al; Saxagliptin 014 Study Group. The ef-
ficacy and safety of saxagliptin when added to metformin therapy in patients 
with inadequately controlled type 2 diabetes on metformin alone. Diabetes Care. 
2009;32(9):1649-1655.

	39. 	�Forst T, Uhlig-Laske B, Ring A, et al. Linagliptin (BI 1356), a potent and se-
lective DPP-4 inhibitor, is safe and efficacious in combination with metfor-
min in patients with inadequately controlled type 2 diabetes. Diabet Med. 
2010;27(12):1409-1419.

	40. 	�Taskinen MR, Rosenstock J, Tamminen I, et al. Safety and efficacy of linagliptin 
as add-on therapy to metformin in patients with type 2 diabetes: a randomized, 
double-blind, placebo-controlled study. Diabetes Obes Metab. 2011;13(1):65-74.

	41. 	�Taylor K, Gurney K, Han J, Pencek R, Walsh B, Trautmann M. Exenatide once 
weekly treatment maintained improvements in glycemic control and weight loss 
over 2 years. BMC Endocr Disord. 2011;11:9.

	42. 	�Klonoff DC, Buse JB, Nielsen LL, et al. Exenatide effects on diabetes, obesity, car-
diovascular risk factors and hepatic biomarkers in patients with type 2 diabetes 
treated for at least 3 years. Curr Med Res Opin. 2008;24(1):275-286.

	43. 	�Inoue K, Maeda N, Kashine S, et al. Short-term effects of liraglutide on visceral fat 
adiposity, appetite, and food preference: a pilot study of obese Japanese patients 
with type 2 diabetes. Cardiovasc Diabetol. 2011;10:109.

	44. 	�Tushuizen ME, Bunck MC, Pouwels PJ, van Waesberghe JH, Diamant M, Heine 
RJ. Incretin mimetics as a novel therapeutic option for hepatic steatosis. Liver Int. 

2006;26(8):1015-1017.
	45. 	�Bunck MC, Diamant M, Eliasson B, et al. Exenatide affects circulating cardiovas-

cular risk biomarkers independently of changes in body composition. Diabetes 
Care. 2010;33(8):1734-1737.

	46. ��	Jendle J, Nauck MA, Matthews DR, et al; LEAD-2 and LEAD-3 Study Groups.  
Weight loss with liraglutide, a once-daily human glucagon-like peptide-1 
analogue for type 2 diabetes treatment as monotherapy or added to metfor-
min, is primarily as a result of a reduction in fat tissue. Diabetes Obes Metab. 
2009;11(12):1163-1172.

	47. 	�McGill JB. Liraglutide: effects beyond glycaemic control in diabetes treatment. 
Int J Clin Pract Suppl. 2010;(167):28-34.

	48. 	�Pratley RE, Nauck M, Bailey T, et al; 1860-LIRA-DPP-4 Study Group. Liraglutide 
versus sitagliptin for patients with type 2 diabetes who did not have adequate 
glycaemic control with metformin: a 26-week, randomised, parallel-group, 
open-label trial. Lancet. 2010;375(9724):1447-1456.

	49. 	�Buse JB, Sesti G, Schmidt WE, et al; Liraglutide Effect Action in Diabetes-6 Study 
Group. Switching to once-daily liraglutide from twice-daily exenatide further im-
proves glycemic control in patients with type 2 diabetes using oral agents. Diabe-
tes Care. 2010;33(6):1300-1303.

	50. 	�Blonde L, Klein EJ, Han J, et al. Interim analysis of the effects of exenatide treat-
ment on A1C, weight and cardiovascular risk factors over 82 weeks in 314 over-
weight patients with type 2 diabetes. Diabetes Obes Metab. 2006;8(4):436-447.

	51. 	�Zinman B, Hoogwerf BJ, Durán García S, et al. The effect of adding exenatide to a 
thiazolidinedione in suboptimally controlled type 2 diabetes: a randomized trial 
[published correction appears in Ann Intern Med. 2007;146(12):896]. Ann Intern 
Med. 2007;146(7):477-485.

	52. 	�Russell-Jones D, Vaag A, Schmitz O, et al; Liraglutide Effect and Action in Dia-
betes 5 (LEAD-5) met+SU Study Group. Liraglutide vs insulin glargine and 
placebo in combination with metformin and sulfonylurea therapy in type 2 dia-
betes mellitus (LEAD-5 met+SU): A randomised controlled trial. Diabetologia. 
2009;52(10):2046-2055.

	53. 	�Zinman B, Gerich J, Buse JB, et al; LEAD-4 Study Investigators. Efficacy and 
safety of the human glucagon-like peptide-1 analog liraglutide in combination 
with metformin and thiazolidinedione in patients with type 2 diabetes (LEAD-4 
Met+TZD) [published correction appears in Diabetes Care. 2010;33(3):692]. Dia-
betes Care. 2009;32(7):1224-1230.

	54. 	�Nauck MA, Duran S, Kim D, et al. A comparison of twice-daily exenatide and 
biphasic insulin aspart in patients with type 2 diabetes who were suboptimally 
controlled with sulfonylurea and metformin: a non-inferiority study. Diabetolo-
gia. 2007;50(2):259-267.

	55. 	�Yanai H, Adachi H, Hamasaki H, et al. Effects of 6-month sitagliptin treatment  
on glucose and lipid metabolism, blood pressure, body weight and renal func-
tion in type 2 diabetic patients: a chart-based analysis. J Clin Med Res. 2012;4(4):
251-258.

	56. 	�Ogawa S, Ishiki M, Nako K, et al. Sitagliptin, a dipeptidyl peptidase-4 inhibitor, 
decreases systolic blood pressure in Japanese hypertensive patients with type  
2 diabetes. Tohoku J Exp Med. 2011;223(2):133-135.

	57. 	�Hollander P, Li J, Allen E, Chen R; CV181-013 Investigators. Saxagliptin added to 
a thiazolidinedione improves glycemic control in patients with type 2 diabetes 
and inadequate control on thiazolidinedione alone. J Clin Endocrinol Metab. 
2009;94(12):4810-4819.

	58. 	�Rodbard HW, Jellinger PS, Davidson JA, et al. Statement by an American Associa-
tion of Clinical Endocrinologists/American College of Endocrinology consensus 
panel on type 2 diabetes mellitus: an algorithm for glycemic control. Endocr 
Pract. 2009;15(6):540-559.

	59. 	Byetta [package insert]. San Diego, CA: Amylin Pharmaceuticals, Inc.; 2011.
	60. 	Bydureon [package insert]. San Diego, CA: Amylin Pharmaceuticals, Inc.; 2012.
	61. 	Victoza [package insert]. Princeton, NJ: Novo Nordisk Inc.; 2012.
	62. 	Januvia [package insert]. Whitehouse Station, NJ: Merck & Co., Inc.; 2012.
	63. 	Onglyza [package insert]. Princeton, NJ: Bristol-Myers Squibb Company; 2011.
	64. 	�Tradjenta [package insert]. Ridgefield, CT: Boehringer-Ingelheim Pharmaceuti-

cals, Inc.; 2012.
	65. 	�Buse JB, Henry RR, Han J, Kim DD, Fineman MS, Baron AD; Exenatide-113 

Clinical Study Group. Effects of exenatide (exendin-4) on glycemic control over 
30 weeks in sulfonylurea-treated patients with type 2 diabetes. Diabetes Care. 
2004;27(11):2628-2635.

	66. 	�Buse JB, Drucker DJ, Taylor KL, et al; DURATION-1 Study Group. DURATION-1: 
exenatide once weekly produces sustained glycemic control and weight loss over 
52 weeks. Diabetes Care. 2010;33(6):1255-1261.

	67. 	�Drucker DJ, Buse JB, Taylor K, et al; DURATION-1 Study Group. Exenatide once 
weekly versus twice daily for the treatment of type 2 diabetes: a randomised, 
open-label, non-inferiority study. Lancet. 2008;372(9645):1240-1250.

	68. 	�Marre M, Shaw J, Brändle M, et al; LEAD-1 SU Study Group. Liraglutide, a once-
daily human GLP-1 analogue, added to a sulphonylurea over 26 weeks produces 
greater improvements in glycaemic and weight control compared with adding 
rosiglitazone or placebo in subjects with type 2 diabetes (LEAD-1 SU). Diabet 
Med. 2009;26(3):268-278.

	69. 	�Hermansen K, Kipnes M, Luo E, Fanurik D, Khatami H, Stein P; Sitagliptin Study 



S8    December 2012  |  Vol 22, No 12  | Supplement to Clinician Reviews

Solving Clinical Conundrums with Incretin-Based Therapy in Type 2 Diabetes

035 Group. Efficacy and safety of the dipeptidyl peptidase-4 inhibitor, sitagliptin, 
in patients with type 2 diabetes mellitus inadequately controlled on glimepiride 
alone or on glimepiride and metformin. Diabetes Obes Metab. 2007;9(5):733-745.

	70. 	�Chacra AR, Tan GH, Apanovitch A, Ravichandran S, List J, Chen R; CV181-040 In-
vestigators. Saxagliptin added to a submaximal dose of sulphonylurea improves 
glycaemic control compared with uptitration of sulphonylurea in patients with 
type 2 diabetes: a randomised controlled trial. Int J Clin Pract. 2009;63(9):1395-
1406.

	71. 	�Graefe-Mody U, Rose P, Ring A, Zander K, Iovino M, Woerle HJ. Assessment of 
the pharmacokinetic interaction between the novel DPP-4 inhibitor linagliptin 
and a sulfonylurea, glyburide, in healthy subjects. Drug Metab Pharmacokinet. 
2011;26(2):123-129.

	72. 	�Inzucchi SE, Bergenstal RM, Buse JB, et al; American Diabetes Assocation; Eu-
ropean Association for the Study of Diabetes. Management of hyperglycemia in 
type 2 diabetes: a patient-centered approach: position statement of the Ameri-
can Diabetes Association (ADA) and the European Association for the Study of 
Diabetes (EASD). Diabetes Care. 2012;35(6):1364-1379.

	 73. �Inzucchi S, Bergenstal RM, Buse JB et al. Supplementary data. Diabetes Care. 
2012;35(6):doi:10.2337/dc12-0413/-/DC1.

	74. 	�Pratley R, Nauck M, Bailey T, et al; 1860-LIRA-DPP-4 Study Group. One year of 
liraglutide treatment offers sustained and more effective glycaemic control and 
weight reduction compared with sitagliptin, both in combination with metfor-
min, in patients with type 2 diabetes: a randomised, parallel-group, open-label 
trial. Int J Clin Pract. 2011;65(4):397-407.

	75. 	�Arnolds S, Dellweg S, Clair J, et al. Further improvement in postprandial glu-
cose control with addition of exenatide or sitagliptin to combination therapy 
with insulin glargine and metformin: a proof-of-concept study. Diabetes Care. 
2010;33(7):1509-1515.

	76. 	�Scheen AJ, Charpentier G, Ostgren CJ, Hellqvist A, Gause-Nilsson I. Efficacy and 
safety of saxagliptin in combination with metformin compared with sitagliptin 
in combination with metformin in adult patients with type 2 diabetes mellitus. 
Diabetes Metab Res Rev. 2010;26(7):540-549.

	77. 	�Noel RA, Braun DK, Patterson RE, Bloomgren GL. Increased risk of acute pancre-
atitis and biliary disease observed in patients with type 2 diabetes: a retrospec-
tive cohort study. Diabetes Care. 2009;32(5):834-838.

	78. 	�Dore DD, Seeger JD, Arnold Chan K. Use of a claims-based active drug safety sur-
veillance system to assess the risk of acute pancreatitis with exenatide or sitagliptin 
compared to metformin or glyburide. Curr Med Res Opin. 2009;25(4):1019-1027.

	79. 	�Parks M, Rosebraugh C. Weighing risks and benefits of liraglutide—the FDA’s  
review of a new antidiabetic therapy. N Engl J Med. 2010;362(9):774-777.

	80. 	�Bjerre Knudsen L, Madsen LW, Andersen S, et al. Glucagon-like peptide-1 recep-
tor agonists activate rodent thyroid C-cells causing calcitonin release and C-cell 
proliferation. Endocrinology. 2010;151(4):1473-1486.

	81. 	�US Department of Health and Human Services. US Food and Drug Administra-
tion. Byetta: NDA approval; supplement approval. http://www.accessdata.fda.
gov/drugsatfda_docs/appletter/2009/021773s009s011s017s018s022s025021919l
tr.pdf. Published October 30, 2009. Accessed January 12, 2010.

	82. 	�US Department of Health and Human Services. US Food and Drug Adminis-
tration. Bydureon: NDA approval. http://www.accessdata.fda.gov/drugsatfda_
docs/appletter/2012/022200s000ltr.pdf. Published January 27, 2012. Accessed 
August 30, 2012.

	 83. 	�US Department of Health and Human Services. US Food and Drug Administra-
tion.  Victoza: NDA approval. http://www.accessdata.fda.gov/drugsatfda_docs/
appletter/2010/022341s000ltr.pdf. Published January 25, 2010. Accessed July 15, 2010.

	84. 	�US Department of Health and Human Services. US Food and Drug Administra-
tion.  Januvia: Supplement approval. http://www.accessdata.fda.gov/drugsatfda_ 
docs/appletter/2010/021995s010s011s012s014ltr.pdf. Published February 26, 
2010. Accessed June 7, 2010.

	85. 	�US Department of Health and Human Services. US Food and Drug  
Administration.  Onglyza: NDA approval. http://www.accessdata.fda.gov/ 
drugsatfda_docs/appletter/2009/022350s000ltr.pdf. Published July 31, 2009.  
Accessed July 15, 2010.

	86. 	�US Department of Health and Human Services. US Food and Drug Adminis-
tration.  Tradjenta: NDA Approval. http://www.accessdata.fda.gov/drugsatf-
da_docs/appletter/2011/201280s000ltr.pdf. Published May 2, 2011. Accessed  
May 23, 2011.

	87. 	�Cobble ME. How to implement incretin therapy. J Fam Pract. 2008;57
(9 Suppl):S26-S31.

	88. 	�Freeman JS. Optimizing outcomes for GLP-1 agonists. J Am Osteopath Assoc. 
2011;111(2 Suppl 1):eS15-eS20.

	89. 	�Unger JR, Parkin CG. Glucagon-like peptide-1 (GLP-1) receptor agonists: Differ-
entiating the new medications. Diabetes Ther. 2011;2(1):29-39.

 90. 	�Brunton SA. Improving medication adherence in chronic disease management.  
J Fam Pract. 2011;60(4 Suppl Improving):S1-S8.

	91. 	�Steinman MA, Hanlon JT. Managing medications in clinically complex elders: 
“There’s got to be a happy medium.” JAMA. 2010;304(14):1592-1601.


