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I

nsulin resistance and pancreatic b-cell dysfunction are wellestablished as the two core pathophysiologic defects in patients with
type 2 diabetes mellitus (T2DM). In 2009, DeFronzo1 proposed that 6
other defects also contribute to glucose intolerance in T2DM. Among this
“ominous octet” of defects, the role of the incretin hormones in the gastrointestinal system has been increasingly recognized. Known as the incretin
effect, this phenomenon may be responsible for up to 70% of insulin secretion in response to oral glucose or a meal in healthy individuals.2 Of the incretin hormones, glucagon-like peptide-1 (GLP-1) is particularly important
as postprandial levels of GLP-1 are decreased in patients with impaired glucose tolerance or T2DM.3 Since GLP-1 affects glucose homeostasis by reducing the fasting plasma glucose (FPG) and postprandial plasma glucose
(PPG) levels,4 pharmacologic agents that raise the level or activity of GLP-1
have been developed. This article compares the 7 agents currently available
that act on the incretin system, emphasizing strategies to improve patient
self-management with the GLP-1 receptor (GLP-1R) agonists.

Overview of GLP-1R Agonists and DPP-4 Inhibitors
The GLP-1R agonists increase the activity of GLP-1 by directly binding to
the GLP-1 receptor. In contrast, the dipeptidyl peptidase-4 (DPP-4) inhibitors inhibit the enzymatic degradation of endogenous GLP-1, thereby increasing the plasma level of active endogenous GLP-1. As a consequence
of these differences in mechanism of action, the GLP-1R agonists have a
greater impact than the DPP-4 inhibitors on glycemic and non-glycemic
effects (TABLE 1).5-28 Two differences that are particularly important clinically include a greater reduction of the glycated hemoglobin (A1C) level and a
greater weight loss with the GLP-1R agonists than with the DPP-4 inhibitors.
An important benefit of the GLP-1R agonists and DPP-4 inhibitors
is a low incidence of hypoglycemia, likely because incretin hormones
stimulate insulin secretion and reduce glucagon secretion in the presence of hyperglycemia. As monotherapy, the incidence of hypoglycemia
with currently available GLP-1R agonists is 4% to 9% with exenatide for
twice-daily administration (BID),29,30 5% with exenatide for once-weekly
administration (QW),16 and 0% to 12% with liraglutide.7,8 For monotherapy
with the DPP-4 inhibitors, the incidence of hypoglycemia is 2% to 3% with
alogliptin,26 0% with linagliptin,31 0% with saxagliptin,20,25 and 1% to 2%
with sitagliptin.18,19,24 However, when a GLP-1R agonist or DPP-4 inhibitor
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is combined with a sulfonylurea, the incidence of hypoglycemia increases
several-fold.5,9,14,15,31-34 Consequently, reducing the dose of the sulfonylurea
is recommended with this combination.
The dosing and use of GLP-1R agonists and DPP-4 inhibitors in special populations are outlined in TABLE 2.35-41 It should also be noted that the
safety and effectiveness in children of all GLP-1R agonists and DPP-4 inhibitors have not been demonstrated.
As relatively new products for the treatment of patients with T2DM, a
full appreciation of the safety of the incretin-based therapies in wide clinical
use is only beginning to emerge. Clinical trials and postmarketing reports
have raised the possibility that the GLP-1R agonists and DPP-4 inhibitors
may increase the risk of acute pancreatitis. Investigations to assess a possible relationship have yielded conflicting results, in part because patients
with T2DM, regardless of treatment, have a nearly 3-fold higher risk of pancreatitis compared with patients without diabetes.42 Several retrospective
analyses of administrative databases have been conducted to assess a possible relationship between incretin-based therapies and pancreatitis. In
one involving nearly 88 000 patients followed for 1 year, there was a similar
risk of pancreatitis with exenatide, sitagliptin, metformin, and glyburide.43
Analysis of another database (N = 786 656) showed the incidence rate to
be 5.7 cases/1000 patient-years for exenatide BID, 5.6 for sitagliptin, and
5.6 for patients with T2DM treated with metformin, sulfonylurea, or thiazolidinedione.44 A third analysis by Singh et al45 examined the health records of 1269 patients hospitalized with acute pancreatitis and found that
current and recent (within 2 years) use of a GLP-1R agonist was associated
with an increased risk of acute pancreatitis compared to matched controls
(odds ratio was 2.24 for current use and 2.01 for recent use). Publication of
this analysis was followed 2 days later by a joint statement from the American Association of Clinical Endocrinologists/American Diabetes Association (AACE/ADA) stating that the analysis by Singh et al “does not provide
the basis for changing treatment in people with diabetes.”46 As noted by
the AACE/ADA joint statement, 9 prospective, controlled trials of GLP-1R
agonist-based therapy involving over 65 000 subjects are ongoing and
should provide answers to this and other important safety questions.

Case Study
KB is a 46-year-old woman diagnosed with T2DM 4 years ago. She had
a good response to lifestyle intervention combined with metformin, which
lowered her A1C from 8.8% to 7.5% over 5 months. The addition of pioglitazone 15 mg once daily (QD) further reduced her A1C to 6.7%. One year
after diagnosis, her vital signs and lipid profile remained within normal limits
and she had no evidence of cardiovascular disease.
About a year-and-a-half ago, KB was laid off from work, causing her
to become severely depressed. Her level of physical activity quickly diminished and she began to watch television most of the day with frequent
snacking. Treatment with combination antidepressant therapy has had little
impact on her depression. She has continued to be reasonably adherent
with her medications through continued health insurance through her husband’s employer.
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Current visit:
• A1C, 8.2%
• Vital signs: within normal limits; blood pressure (BP), 146/88 mm Hg
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TABLE 1

Overview of GLP-1R agonists and DPP-4 inhibitors5-28

GLP-1R Agonists

DPP-4 Inhibitors

Subcutaneous Injection

Oral Ingestion (once-daily)

• Exenatide twice-daily (Byetta)

• Alogliptin (Nesina)

• Exenatide once-weekly (Bydureon)

• Linagliptin (Tradjenta)

• Liraglutide once-daily (Victoza)

• Saxagliptin (Onglyza)
• Sitagliptin (Januvia)

Resists degradation by DPP-4 enzyme gLevel of GLP-1
activity ~60-70 pmol/L

Inhibits DPP-4 enzyme g Level of active GLP-1 ~10 pmol/L

Direct binding to, and stimulation of, GLP-1 receptor

Extends elimination half-life of endogenous GLP-1

Glycemic Effects

Glycemic Effects

• hInsulin secretion (glucose-dependent)

• hInsulin secretion (glucose-dependent)

• iGlucagon secretion (glucose-dependent)

• iGlucagon secretion (glucose-dependent)

Food and Digestive Effects

Food and Digestive Effects

• Promotes satiety

• None

• iCaloric intake
• iGastric emptying rate
Effects as Monotherapy

Effects as Monotherapy

• A1C level i 0.4%–2.0%

• A1C level i 0.4%–0.9%

• Weight i 1–4 kg

• Weight i 0.2–0.9kg

• Hypoglycemia: low risk

• Hypoglycemia: low risk

Most Common Adverse Events

Most Common Adverse Events

• Transient GI events (eg, nausea, diarrhea), headache

• Nasopharyngitis, headache

A1C, glycated hemoglobin; DPP-4, dipeptidyl peptidase-4; GI, gastrointestinal; GLP-1, glucagon-like peptide-1; GLP-1R agonist, GLP-1 receptor agonist.

• W
 eight, 92.3 kg; body mass index (BMI), 34 kg/m2
(27 kg/m2 2 years ago)
• Physical examination: 1+ edema of her hands and
feet
• Estimated creatinine clearance, 74 mL/minute; no evidence of albuminuria
• Lipids: total cholesterol, 224 mg/dL; low density lipoprotein-cholesterol (LDL-C), 136 mg/dL; high density
lipoprotein-cholesterol (HDL-C), 46 mg/dL; and triglycerides, 208 mg/dL
Recognizing that KB’s unresolved depression is the
basis for her changed health status, KB’s primary care provider (PCP) plans to refer her to a psychiatrist for intensified treatment of her depression. A visit with the team’s
dietician is also scheduled. Noting the elevated BP and
edema, KB’s PCP decides to discontinue the pioglitazone.
She elects to defer starting antihypertensive therapy for
3 months to see if KB’s BP might decrease with the discontinuation of the pioglitazone and to not adversely affect
KB’s adherence with her glucose-lowering medications.
The PCP decides to continue the metformin, but discusses
with KB changes to her glucose-lowering medications.
• A sulfonylurea is considered because of its low cost
and efficacy in lowering the blood glucose, although

short durability is a concern as are the propensity for
weight gain and hypoglycemia.
• An alpha-glucosidase inhibitor, bromocriptine, or colesevelam are considered, but in light of their modest
glucose-lowering efficacy, are not good options.
• Basal insulin would provide the desired reduction in
the blood glucose level, but further weight gain is undesirable. In addition, the need for self-injection and
hypoglycemia may be limitations.
The PCP also discusses the 2 groups of incretin-based
therapy, noting that the GLP-1R agonists promote weight
loss and are given by self-injection, while the DPP-4 inhibitors
have no appreciable effect on weight and are given orally.
The PCP considers the relative glycemic and nonglycemic
effects of the GLP-1R agonists and DPP-4 inhibitors.

Head-to-Head Clinical Trials of GLP-1R
Agonists vs DPP-4 Inhibitors
Exenatide BID vs Sitagliptin
The glycemic and nonglycemic effects of exenatide BID
and sitagliptin have been compared as add-on therapy
in patients with T2DM inadequately controlled with metformin.47 Patients received either exenatide 5 mcg BID for
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TABLE 2

Use of GLP-1R agonists and DPP-4 inhibitors in special populations35-41
Elderly

Kidney Dysfunction/iCrCl
(mL/min)

Pregnant

Lactating

GLP-1R Receptor Agonists
Exenatide twice-daily

50-80: no change in dose

Exenatide once-weekly

30-50: caution
<30: contraindicated

Liraglutide

No change in dose; use
with caution

No effect of age on safety or
effectiveness; use caution

Category C

Discontinue
nursing or
discontinue
GLP-1R agonist

Category B

Use caution

No effect of age on safety
or effectiveness

DPP-4 Inhibitors
Alogliptin

≥60: 25 mg QD
30-59: 12.5 mg QD
<30: 6.25 mg QD

Linagliptin

No change in dose

Saxagliptin

>50: no change in dose
≤50: 2.5 mg QD

Sitagliptin

≥50: no change in dose
30-49: 50 mg QD

No effect of age on safety
or effectiveness; no change
in dose

No effect of age on safety or
effectiveness; use caution

<30: 25 mg QD
CrCl, creatinine clearance; DPP-4, dipeptidyl peptidase-4; GLP-1R, glucagon-like peptide-1 receptor, QD, once daily.

1 week followed by 10 mcg BID for 1 week or sitagliptin
100 mg QD for 2 weeks. At the end of these 2 weeks, patients
were crossed over to the other therapy. After 2 weeks, the
2-hour PPG was significantly lower in the exenatide BID
group compared with sitagliptin (133 mg/dL vs 208 mg/dL;
P < .0001). Following crossover, the 2-hour PPG decreased
–76 mg/dL in patients switched to exenatide BID and increased 73 mg/dL in patients switched to sitagliptin. Similar reductions in FPG were observed (–15 mg/dL, exenatide
BID vs –19 mg/dL, sitagliptin). Compared to sitagliptin,
exenatide BID significantly (P < .05) improved insulin secretion, improved b-cell function, reduced postprandial
glucagon secretion, slowed gastric emptying rate, reduced
total caloric intake, and reduced postprandial triglyceride.
Nausea occurred in 34% of patients treated with exenatide
BID and 12% of patients treated with sitagliptin, with all
episodes of mild or moderate intensity.

Exenatide QW vs Sitagliptin
In patients with T2DM inadequately controlled with metformin, patients were randomized to double-blind treatment with exenatide 2 mg QW, sitagliptin 100 mg QD, or
pioglitazone 45 mg QD.12 The reductions in the A1C were
–1.5% and –0.9% in the exenatide QW and sitagliptin patients, respectively, at 26 weeks (P < .0001). Reductions
in FPG were significantly greater with exenatide QW
than sitagliptin (–32 mg/dL vs –16 mg/dL, respectively;
P < .05). Changes in body weight were –2.3 kg with exenaS4

tide QW and –0.8 kg with sitagliptin (P < .001). The reduction in systolic BP was significantly greater in patients
treated with exenatide QW than in patients treated with sitagliptin. Changes in total cholesterol, LDL-C, and HDL-C
were not significantly different between exenatide QW and
sitagliptin. Significant improvements in all 5 weightrelated domains of quality of life were observed with exenatide QW and sitagliptin. The following adverse events occurred in patients treated with exenatide QW or sitagliptin,
respectively: nausea (24% vs 10%), diarrhea (18% vs 10%),
minor hypoglycemia (1% vs 3%), and injection site reaction
(10% vs 7%). Diarrhea was the most frequent cause of study
withdrawal, occurring in 2 patients in each group.

Liraglutide vs Sitagliptin
Adults with T2DM inadequately controlled with metformin were randomized to open-label treatment with liraglutide 1.2 mg or 1.8 mg QD or sitagliptin 100 mg QD for
26 weeks.48 From a mean A1C 8.4% to 8.5% at baseline,
reductions in A1C were –1.24% with liraglutide 1.2 mg,
–1.50% with liraglutide 1.8 mg, and –0.90% with sitagliptin
(P < .0001 vs liraglutide 1.2 mg and 1.8 mg). Significantly
more patients treated with liraglutide achieved A1C
< 7.0% (P < .0001). Reductions in FPG were –34 mg/dL and
–39 mg/dL for liraglutide 1.2 mg and 1.8 mg, respectively, and –15 mg/dL for sitagliptin (P < .0001 vs liraglutide
1.2 mg and 1.8 mg). Mean weight loss was –2.86 kg and
–3.38 kg for liraglutide 1.2 mg and 1.8 mg, respectively,
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and –0.96 kg for sitagliptin (both P < .0001). Some measures of pancreatic b-cell function showed significantly
greater improvement with liraglutide than sitagliptin,
while others showed comparable improvement. Minimal
changes were observed in systolic and diastolic BP and
the lipid profile. Generally, similar improvements were
observed in treatment satisfaction in all 3 groups. Nausea was experienced by 21% and 27% of patients treated
with liraglutide 1.2 mg or 1.8 mg, respectively, and 5% of
patients treated with sitagliptin. While nausea was more
frequent with liraglutide, it lasted for a shorter period, as
the median duration of nausea was 13 days, 8 days, and
26 days, respectively. Major hypoglycemia occurred in
1 patient treated with liraglutide 1.2 mg. Minor hypoglycemia occurred at rates of 0.178 episodes/patient-year
with liraglutide 1.2 mg, 0.370 episodes/patient-year with
liraglutide 1.8 mg, and 0.106 episodes/patient-year
with sitagliptin.
In a 26-week extension wherein patients continued
the same treatment, the results were largely the same as
during the initial 26 weeks. Significantly greater reductions in A1C persisted with liraglutide 1.2 mg and 1.8 mg
(–1.29% vs –1.51%) compared with sitagliptin (–0.88%;
P < .0001 vs liraglutide 1.2 mg and 1.8 mg).49 Significantly
more patients achieved A1C <7.0% at 52 weeks with liraglutide 1.2 mg (43.7%) and liraglutide 1.8 mg (56.0%)
than with sitagliptin (22.0%) (P < .0001 vs liraglutide
1.2 mg and 1.8 mg). FPG reductions from baseline at week
52 were –31 mg/dL for liraglutide 1.2 mg, –37 mg/dL for
liraglutide 1.8 mg, and –11 mg/dL for sitagliptin (P < .0001
vs liraglutide 1.2 mg and 1.8 mg). Changes in b-cell function, BP, and lipid profile were similar to those observed
from baseline through 26 weeks. Mean weight loss was
–2.78 kg, –3.68 kg, and –1.16 kg for liraglutide 1.2 mg or
1.8 mg and sitagliptin, respectively (P < .0001 vs liraglutide
1.2 mg and 1.8 mg). No major hypoglycemia episodes occurred during the extension. Rates of minor hypoglycemia
were 0.143 episodes/patient-year, 0.154 episodes/patientyear, and 0.137 episodes/patient-year in the liraglutide 1.2
mg and 1.8 mg and sitagliptin groups, respectively. One
case of nonacute pancreatitis, possibly treatment-related,
was reported in a patient treated with liraglutide 1.8 mg.

stead, she would rather take a tablet once a day. Although
the PCP agrees to initiate glimepiride 4 mg QD, she recognizes that an injectable glucose-lowering agent may be
needed soon, so she discusses the devices involved and
shows KB how they are used.
At 6-week follow-up, the A1C has declined to 7.9%,
but KB’s body weight has risen to 93.4 kg (increase of
1.1 kg from last visit). She experienced 1 transient episode
of lightheadedness and nausea, but she did not measure
her blood glucose. KB expresses frustration that she has
gained more weight and complains that she is finding it
increasingly difficult to remain motivated about taking her
medications. The PCP reminds KB that a GLP-1R agonist
would likely provide the A1C reduction needed and she
would very likely lose weight. More receptive than during
the previous visit, KB asks to be shown the devices again
and how they are used. KB’s insurance company is contacted and verifies that treatment with a GLP-1R agonist
would be covered subject to the deductible and copay.
To individualize therapy to best meet KB’s needs and circumstances, the PCP considers the differences among the
GLP-1R agonists.

Comparison of the GLP-1R Agonists
Beyond the differences described in TABLE 2, the frequency of administration is different for each of the
3 GLP-1R agonists. Exenatide is available in 2 different formulations, 1 for administration BID and
the other QW, while liraglutide is administered QD.
Whereas exenatide QW and liraglutide can be taken
without regard to meals, exenatide BID must be taken
60 minutes prior to mealtime, typically breakfast and dinner. Exenatide BID is available as a prefilled pen with a 29,
30, or 31 gauge needle, and liraglutide as a prefilled pen
with a 30 or 32 gauge needle. Exenatide QW comes as a kit
that requires using a diluent (supplied) to prepare a suspension of exenatide. Using the 23 gauge needle provided,
exenatide QW must be administered immediately after
preparing the suspension. Additional differences among
the GLP-1R agonists have been identified in prospective,
randomized, head-to-head clinical trials.

Case Study

Head-to-Head Clinical Trials of GLP-1R
Agonists

The PCP concludes that although the weight neutral
effect and low incidence of hypoglycemia associated with
the DPP-4 inhibitors would be beneficial for KB, the magnitude of glucose lowering is likely to be less than needed
to achieve A1C <7.0%. The PCP begins a discussion of the
attributes of the GLP-1R agonists, particularly the weight
loss effect. Upon mentioning that the GLP-1R agonists
require self-injection, KB interrupts and states that she
doesn’t want to put up with the hassle of self-injecting. In-

Exenatide BID vs Exenatide QW
Two-hundred-ninety-five patients with T2DM who were
drug-naïve or taking 1 or more oral glucose-lowering
agents were randomized to exenatide 10 mcg BID or exenatide 2 mg QW.15 Both groups received exenatide 5 mcg
BID for 3 days; patients in the exenatide BID group received an additional 28 days of 5 mcg BID before uptitration to 10 mcg BID. Mean baseline values were A1C 8.3%,
FPG 162 mg/dL, weight 102 kg, and diabetes duration
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6.7 years. At 30 weeks, reduction in the A1C level was greater with exenatide QW than exenatide BID (–1.9% vs –1.5%;
P = .0023). Significantly more patients receiving exenatide
QW achieved A1C ≤7.0% (77% vs 61%; P = .0039). Similarly,
greater reductions in the FPG (–41 mg/dL vs –25 mg/dL,
P < .0001) and 2-hour PPG (–124 mg/dL vs –95 mg/dL,
P = .0124) levels were observed with exenatide QW than
exenatide BID, respectively. Body weight decreased progressively in both groups, with a reduction of 3.6 to 3.7 kg at
30 weeks. In patients not receiving sulfonylurea therapy,
1 episode of minor hypoglycemia occurred in a patient
treated with exenatide QW.
A 22-week open-label extension showed sustained
improvements in glycemic control and body weight with
exenatide QW.14 Patients switched from exenatide BID to
exenatide QW experienced further improvements in A1C
and FPG levels such that both groups exhibited the same
A1C reduction and mean A1C (6.6%) at week 52. Reductions in body weight were –4.1 and –4.5 kg in the exenatide
QW and exenatide BID/QW groups, respectively.
Exenatide BID vs Liraglutide
Adults with T2DM inadequately controlled with metformin, sulfonylurea, or both were randomized to exenatide
10 mcg BID or liraglutide 1.8 mg once daily for 26 weeks
in an open-label study; exenatide BID was uptitrated
over 4 weeks and liraglutide over 2 weeks.10 Liraglutide
reduced the mean A1C significantly more than exenatide BID (–1.12% vs –0.79%; P < .0001). More patients in
the liraglutide group achieved an A1C <7.0% (54% vs 43%;
P = .0015). The reduction in FPG was significantly greater with liraglutide than exenatide BID (–29 mg/dL vs
–11 mg/dL; P < .0001). Exenatide BID reduced PPG excursions after breakfast and dinner more than liraglutide;
improvement in PPG excursions after lunch were similar.
Weight loss was similar in both groups (–2.87 kg with exenatide BID vs –3.24 kg with liraglutide 1.8 mg). Improvements
in fasting insulin, pancreatic b-cell function, triglyceride,
very LDL-C, and free fatty acids were significantly greater
with liraglutide (P < .05), whereas improvements in fasting
glucagon and systolic and diastolic blood pressure were
similar in both groups. In patients taking metformin, minor
hypoglycemia occurred in 11% and 6% of patients treated
with exenatide BID and liraglutide, respectively. Nausea
and vomiting occurred slightly less frequently with liraglutide, with nausea persisting at 26 weeks in 3% of liraglutide
patients and 9% of exenatide patients.
A 14-week open-label extension showed sustained
improvements in patients continuing liraglutide, with further significant decreases in body weight (0.4 kg) and systolic BP (2.2 mm Hg).50 Minor hypoglycemia occurred at a
low rate (0.74 episodes/patient-year). In patients switched
from exenatide BID to liraglutide, further and significant
reductions were observed in A1C (0.32%), FPG (16 mg/dL),
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body weight (0.9kg), and systolic BP (3.8 mm Hg). The rate
of minor hypoglycemia was reduced by 50% compared
with the first 26 weeks to a rate of 1.30 episodes/patientyear over the 14 weeks.
Exenatide QW vs Liraglutide
Adults with T2DM inadequately controlled with single or 2-drug combination oral therapy were randomized to exenatide 2 mg QW or liraglutide 1.8 mg QD
(uptitration over 2 weeks).51 After 26 weeks, reductions in
the A1C (–1.48% vs –1.28%; P = .02) and FPG (–38 mg/dL vs
–32 mg/dL; P = .02) were significantly greater in the liraglutide group compared with the exenatide QW group, respectively. More patients in the liraglutide group achieved
A1C <7.0% (60% vs 53%; P = .0011). Patients treated with
liraglutide lost more body weight than patients treated
with exenatide QW regardless of baseline BMI (–3.57 kg vs
–2.68 kg). Systolic BP decreased –3.45 mm Hg in the liraglutide group and –2.48 mm Hg in the exenatide QW group.
Similar but small reductions in the lipid profile were observed in both groups. Gastrointestinal adverse events
(nausea, vomiting, diarrhea) were the most common, with a
greater frequency in the liraglutide group. Injection site adverse events (nodule, pruritus, erythema) were more common with exenatide QW. In those not taking concomitant
sulfonylurea, minor hypoglycemia episodes occurred in 3%
of patients treated with liraglutide and 4% treated with exenatide QW.

Case Study
Feeling less anxious about injecting a GLP-1R agonist, following the discussion and demonstration by her PCP and
encouraged by the prospect of losing weight, KB agrees to
begin treatment with a GLP-1R agonist. Knowing that KB
is likely to experience nausea and/or vomiting associated
with a GLP-1R agonist, the PCP provides KB with a list of
the most common adverse events associated with GLP-1R
agonist therapy and their management. They discuss strategies to improve adherence, as well.

Strategies to Reduce the Incidence and
Severity of Nausea and Vomiting
The nausea that occurs with GLP-1R agonist therapy is
generally mild in severity, causing drug discontinuation
in fewer than 2% of patients.8,16 The severity of nausea generally peaks within 8 weeks of starting exenatide BID, 4 to
8 weeks of starting liraglutide, and shortly after initiating
exenatide QW.8,16,52,53 Resolution of nausea occurs in about
90% of patients within 28 weeks of initiating exenatide BID
and 8 weeks with liraglutide. In patients treated with exenatide QW, nausea resolves in nearly all patients within
10 weeks.8,16,52,53
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Initiating therapy using a dose escalation strategy is
recommended for exenatide BID and liraglutide, but is not
needed for exenatide QW. For exenatide BID, initiation
should begin with 5 mcg BID. Based on clinical response,
the dose can be increased to 10 mcg BID after 4 weeks.35
Liraglutide is initiated at a dose of 0.6 mg QD for 1 week,
increasing to 1.2 mg QD after 1 week. If acceptable glycemic control is not achieved, the dose of liraglutide can be
increased to 1.8 mg QD.37 Additional strategies to reduce
the incidence and severity of nausea include54-56
•
•
•
•

Stop eating when feeling full
Eat small meals
Avoid high-fat meals
L
 engthen time period during which dose escalation
is achieved
• Temporarily reduce the dose
• T
 ake exenatide BID closer to mealtime than
60 minutes
• Switch to a different GLP-1R agonist

of these applications is available from the American
Diabetes
Association
(http://forecast.diabetes.org/
apps-jan2013); a review of 10 of these applications was recently published.64

Conclusion
Type 2 diabetes mellitus is a complex disorder with multiple pathologic mechanisms, 1 of which is decreased
secretion of GLP-1 in response to meals. The GLP-1R agonists and DPP-4 inhibitors act via different mechanisms
on the incretin system, resulting in clinically important
differences in glycemic and non-glycemic effects. The major differences include greater A1C reduction, as well as
reduced caloric intake and weight loss, with the GLP-1R
agonists. While the GLP-1R agonists require subcutaneous administration and frequently cause nausea, various
strategies can be employed to individualize therapy and
improve treatment adherence. n

REFERENCES

Premedication with oral antiemetic therapy is a further option. A reduction in the incidence of nausea and
vomiting has been observed with single oral doses of the
combination of metoclopramide 10 mg and ondansetron
8 mg administered 30 minutes prior to therapy.57

Strategies to Improve Adherence
Numerous strategies have been demonstrated to improve
medication adherence. These include developing and
maintaining a positive, collaborative relationship with
each patient and providing ongoing support by a multidisciplinary care team, with frequent reinforcement and
reminders. The patient should receive ongoing education
about their disease, risks and benefits of treatment, goals
and duration of treatment, and nonpharmacologic and
pharmacologic treatment options, as well as self-management training.58 Because many patients with T2DM feel
overwhelmed with the self-management needed, keeping
the treatment plan as simple as possible is important. As
illustrated in the case study, frequent treatment-related
adverse events should be discussed with patients and
management strategies provided (preferably in writing).
Discussing the benefits of treatment with each medication is also important, as these can serve to motivate patients. With the GLP-1R agonists, for example, the ability
to promote weight loss and the low risk of hypoglycemia
have been shown to contribute to patient satisfaction.59-63
Developing and periodically reevaluating the treatment
plan with the patient is critical to ensure that the plan best
meets his or her individual situation, including life expectancy, affordability, and social support.
Many diabetes-related tools for providers and patients are available as smartphone applications. A list

1. 	DeFronzo RA. Banting Lecture. From the triumvirate to the ominous octet: a new paradigm for the treatment of type 2 diabetes mellitus. Diabetes.
2009;58(4):773-795.
2. 	Baggio LL, Drucker DJ. Biology of incretins: GLP-1 and GIP. Gastroenterology.
2007;132(6):2131-2157.
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. 	Buse JB, Henry RR, Han J, Kim DD, Fineman MS, Baron AD. 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.
6. 	Blonde L, Klein EJ, Han J et al. Interim analysis of the effects of exenatide treatment on A1C, weight and cardiovascular risk factors over 82 weeks in 314 overweight patients with type 2 diabetes. Diabetes Obes Metab. 2006;8(4):436-447.
7. 	Vilsbøll T, Zdravkovic M, Le-Thi T et al. Liraglutide, a long-acting human glucagon-like peptide-1 analog, given as monotherapy significantly improves glycemic control and lowers body weight without risk of hypoglycemia in patients
with type 2 diabetes. Diabetes Care. 2007;30(6):1608-1610.
8. 	Garber A, Henry R, Ratner R et al. Liraglutide versus glimepiride monotherapy
for type 2 diabetes (LEAD-3 Mono): a randomised, 52-week, phase III, doubleblind, parallel-treatment trial. Lancet. 2009;373(9662):473-481.
9. 	Marre M, Shaw J, Brändle M et al. 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.
10. 	Buse JB, Rosenstock J, Sesti G et al. 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.
11. 	Blevins T, Pullman J, Malloy J et al. DURATION-5: exenatide once weekly resulted in greater improvements in glycemic control compared with exenatide twice daily in patients with type 2 diabetes. J Clin Endocrinol Metab.
2011;96(5):1301-1310.
12. 	Bergenstal RM, Wysham C, MacConell L et al. Efficacy and safety of exenatide once weekly versus sitagliptin or pioglitazone as an adjunct to metformin
for treatment of type 2 diabetes (DURATION-2): a randomised trial. Lancet.
2010;376(9739):431-439.
13. 	Wysham C, Bergenstal R, Malloy J et al. DURATION-2: efficacy and safety of
switching from maximum daily sitagliptin or pioglitazone to once-weekly exenatide. Diabet Med. 2011;28(6):705-714.
14. 	Buse JB, Drucker DJ, Taylor KL et al. DURATION-1: exenatide once weekly
produces sustained glycemic control and weight loss over 52 weeks. Diabetes
Care. 2010;33(6):1255-1261.
15. 	Drucker DJ, Buse JB, Taylor K et al. 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.

Supplement to The Journal of Family Practice | Vol 62, No 6 | June 2013

S7

INTEGRATING INCRETIN-BASED THERAPY

16. 	Russell-Jones D, Cuddihy RM, Hanefeld M et al. 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.
17. 	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.
18. 	Aschner P, Kipnes MS, Lunceford JK, Sanchez M, Mickel C, Williams-Herman DE. 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.
19. 	Raz I, Hanefeld M, Xu L, Caria C, Williams-Herman D, Khatami H. Efficacy
and safety of the dipeptidyl peptidase-4 inhibitor sitagliptin as monotherapy
in patients with type 2 diabetes mellitus. Diabetologia. 2006;49(11):2564-2571.
20. 	Rosenstock J, Aguilar-Salinas C, Klein E, Nepal S, List J, Chen R. Effect of saxagliptin monotherapy in treatment-naïve patients with type 2 diabetes. Curr
Med Res Opin. 2009;25(10):2401-2411.
21. 	Del Prato S, Barnett AH, Huisman H, Neubacher D, Woerle HJ, Dugi KA. Effect of linagliptin monotherapy on glycaemic control and markers of beta-cell
function in patients with inadequately controlled type 2 diabetes: a randomized controlled trial. Diabetes Obes Metab. 2011;13(3):258-267.
22. 	Hanefeld M, Herman GA, Wu M, Mickel C, Sanchez M, Stein PP. Once-daily
sitagliptin, a dipeptidyl peptidase-4 inhibitor, for the treatment of patients with
type 2 diabetes. Curr Med Res Opin. 2007;23(6):1329-1339.
23. 	Charbonnel B, Karasik A, Liu J, Wu M, Meininger G. Efficacy and safety of the
dipeptidyl peptidase-4 inhibitor sitagliptin added to ongoing metformin therapy in patients with type 2 diabetes inadequately controlled with metformin
alone. Diabetes Care. 2006;29(12):2638-2643.
24. 	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.
25. 	Rosenstock J, Sankoh S, List JF. Glucose-lowering activity of the dipeptidyl
peptidase-4 inhibitor saxagliptin in drug-naive patients with type 2 diabetes.
Diabetes Obes Metab. 2008;10(5):376-386.
26. 	DeFronzo RA, Fleck PR, Wilson CA, Mekki Q. Efficacy and safety of the dipeptidyl peptidase-4 inhibitor alogliptin in patients with type 2 diabetes and inadequate glycemic control: a randomized, double-blind, placebo-controlled
study. Diabetes Care. 2008;31(12):2315-2317.
27. 	Holst JJ, Deacon CF. Glucagon-like peptide-1 mediates the therapeutic actions
of DPP-IV inhibitors. Diabetologia. 2005;48(4):612-615.
28. 	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.
29. 	Nelson P, Poon T, Guan X, Schnabel C, Wintle M, Fineman M. The incretin mimetic exenatide as a monotherapy in patients with type 2 diabetes. Diabetes
Technol Ther. 2007;9(4):317-326.
30. 	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 diabetes: a randomized, double-blind, placebo-controlled, parallel-group study.
Clin Ther. 2008;30(8):1448-1460.
31. 	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.
32. 	Pratley RE, Kipnes MS, Fleck PR, Wilson C, Mekki Q. Efficacy and safety of
the dipeptidyl peptidase-4 inhibitor alogliptin in patients with type 2 diabetes inadequately controlled by glyburide monotherapy. Diabetes Obes Metab.
2009;11(2):167-176.
33. 	Chacra AR, Tan GH, Apanovitch A, Ravichandran S, List J, Chen R. 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.
34. 	Hermansen K, Kipnes M, Luo E, Fanurik D, Khatami H, Stein P. 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.
35. Byetta [package insert]. San Diego, CA: Amylin Pharmaceuticals, Inc.; 2011.
36. 	Bydureon [package insert]. San Diego, CA: Amylin Pharmaceuticals, Inc.;
2012.
37. Victoza [package insert]. Princeton, NJ: Novo Nordisk Inc.; 2012.
38. 	Nesina [package insert]. Deerfield, IL: Takeda Pharmaceuticals America, Inc.;
2013.
39. 	Tradjenta [package insert]. Ridgefield, CT: Boehringer Ingelheim Pharmaceuticals, Inc; 2012.
40. Onglyza [package insert]. Princeton, NJ: Bristol-Myers Squibb Company; 2011.
41. Januvia [package insert]. Whitehouse Station, NJ: Merck & Co., Inc.; 2013.
42. 	Noel RA, Braun DK, Patterson RE, Bloomgren GL. Increased risk of acute pan-

S8

creatitis and biliary disease observed in patients with type 2 diabetes: a retrospective cohort study. Diabetes Care. 2009;32(5):834-838.
43. 	Dore DD, Seeger JD, Arnold CK. Use of a claims-based active drug safety
surveillance 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.
44. 	Garg R, Chen W, Pendergrass M. Acute pancreatitis in type 2 diabetes treated
with exenatide or sitagliptin: a retrospective observational pharmacy claims
analysis. Diabetes Care. 2010;33(11):2349-2354.
45. 	Singh S, Chang HY, Richards TM, Weiner JP, Clark JM, Segal JB. Glucagonlike
peptide 1-based therapies and risk of hospitalization for acute pancreatitis in
type 2 diabetes mellitus. A population-based matched case-conttrol study.
JAMA Intern Med. 2013;173(7):534-539.
46. 	American Association of Clinical Endocrinologists, American Diabetes Association issue joint response to published JAMA article [news release]. Jacksonville, FL; AACE Online Newsroom; February 27, 2013. http://media.aace.
com/press-release/correcting-and-replacing-american-association-clinicalendocrinologists-american-diabe. Accessed April 12, 2013.
47. 	DeFronzo RA, Okerson T, Viswanathan P, Guan X, Holcombe JH, MacConell
L. Effects of exenatide versus sitagliptin on postprandial glucose, insulin and
glucagon secretion, gastric emptying, and caloric intake: a randomized, crossover study. Curr Med Res Opin. 2008;24(10):2943-2952.
48. 	Pratley RE, Nauck M, Bailey T et al. 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. 	Pratley R, Nauck M, Bailey T et al. One year of liraglutide treatment offers sustained and more effective glycaemic control and weight reduction compared
with sitagliptin, both in combination with metformin, in patients with type
2 diabetes: a randomised, parallel-group, open-label trial. Int J Clin Pract.
2011;65(4):397-407.
50. 	Buse JB, Sesti G, Schmidt WE et al. Switching to once-daily liraglutide from
twice-daily exenatide further improves glycemic control in patients with type 2
diabetes using oral agents. Diabetes Care. 2010;33(6):1300-1303.
51. 	Buse JB, Nauck M, Forst T et al. Exenatide once weekly versus liraglutide once
daily in patients with type 2 diabetes (DURATION-6): a randomised, openlabel study. Lancet. 2013;381(9861):117-124.
52. 	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 metformin-treated patients with type 2 diabetes. Diabetes Care. 2005;28(5):10921100.
53. 	Nauck M, Frid A, Hermansen K et al. 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 diabetes)-2 study. Diabetes
Care. 2009;32(1):84-90.
54. 	Cobble ME. How to implement incretin therapy. J Fam Pract. 2008;57(9
Suppl):S26-S31.
55. 	Freeman JS. Optimizing outcomes for GLP-1 agonists. J Am Osteopath Assoc.
2011;111(2 Suppl 1):eS15-eS20.
56. 	Unger JR, Parkin CG. Glucagon-like peptide-1 (GLP-1) receptor agonists: Differentiating the new medications. Diabetes Ther. 2011;2(1):29-39.
57. 	Ellero C, Han J, Bhavsar S et al. Prophylactic use of anti-emetic medications
reduced nausea and vomiting associated with exenatide treatment: a retrospective analysis of an open-label, parallel-group, single-dose study in healthy
subjects. Diabet Med. 2010;27(10):1168-1173.
58. 	Brunton SA. Improving medication adherence in chronic disease management. J Fam Pract. 2011;60(4 Suppl Improving):S1-S8.
59. 	Davies M, Speight J. Patient-reported outcomes in trials of incretin-based
therapies in patients with type 2 diabetes mellitus. Diabetes Obes Metab.
2012;14(10):882-892.
60. 	Schmidt WE, Christiansen JS, Hammer M, Zychma MJ, Buse JB. Patient-reported outcomes are superior in patients with Type 2 diabetes treated with
liraglutide as compared with exenatide, when added to metformin, sulphonylurea or both: results from a randomized, open-label study. Diabet Med.
2011;28(6):715-723.
61. 	Lind M, Jendle J, Torffvit O, Lager I. Glucagon-like peptide 1 (GLP-1) analogue
combined with insulin reduces HbA1c and weight with low risk of hypoglycemia and high treatment satisfaction. Prim Care Diabetes. 2012;6(1):41-46.
62. 	Best JH, Rubin RR, Peyrot M et al. Weight-related quality of life, health utility,
psychological well-being, and satisfaction with exenatide once weekly compared with sitagliptin or pioglitazone after 26 weeks of treatment. Diabetes
Care. 2011;34(2):314-319.
63. 	Jose B, Tahrani AA, Piya MK, Barnett AH. Exenatide once weekly: clinical outcomes and patient satisfaction. Patient Prefer Adherence. 2010;4:313-324.
64. 	Tran J, Tran R, White JR. Smartphone-based glucose monitors and applications in the management of diabetes: An overview of 10 salient “apps”
and a novel smartphone-connected blood glucose monitor. Clin Diabetes.
2012;30(4):173-178.

June 2013 | Vol 62, No 6 | Supplement to The Journal of Family Practice

