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T

he management of patients
with type 2 diabetes remains
a frequent and often unresolved challenge encountered in
clinical practice. The complex
pathophysiology, the numerous
barriers and difficulties faced by
patients, and the rapid rise in obesity
prevalence contribute to the enormity of this challenge, making it
essential that patient management be
individualized.
Fortunately, advances in
treatment provide greater opportunities to individualize therapy. For
example, insulin analogs are vastly
improved compared to the animalsourced insulins that were used for
decades; they also have important
advantages compared to shortand intermediate-acting human
insulins.1,2
Another advance has been
the development of glucagon-like
peptide-1 (GLP-1) receptor agonists
and dipeptidyl peptidase-4 (DPP-4)
inhibitors that act on the incretin
system to stimulate insulin secretion and inhibit glucagon secretion,
both in a glucose-dependent manner.3–7 GLP-1 receptor agonists
currently available in the United
States are exenatide twice daily
(BID), exenatide once weekly (QW),
and liraglutide; currently available
DPP-4 inhibitors are alogliptin, linagliptin, saxagliptin, and sitagliptin.
Although both drug classes work
via the incretin system, there are
important differences between the
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two. This article highlights these
differences and provides a more
focused discussion of strategies to
initiate and optimize the use of the
GLP-1 receptor agonists in collaboration with patients.
The results of clinical trials,
particularly head-to-head comparisons, serve as the primary evidence
base for this discussion. However,
strict inclusion and exclusion criteria
and abbreviated descriptions of
study methodology in many clinical
trials present challenges in applying
these results to the care of individual
patients.8 Because evidence-based
medicine is about integrating the
best external evidence with clinical
experience, as described by Sackett
et al.9 and others,10,11 this article
supplements the evidence base with
the author’s experience as a clinician and investigator. The article is
not intended to provide a detailed
discussion regarding the basic pharmacology of incretin-based therapy,
which may be found elsewhere.12–14
Role of Incretin-Based Therapy in Type
2 Diabetes
GLP-1 receptor agonists and DPP-4
inhibitors are included in the 2012
American Diabetes Association
(ADA)/European Association for the
Study of Diabetes (EASD) and 2013
American Association of Clinical
Endocrinologists guidelines as
second-line therapy for patients who
do not achieve glycemic control with
the combination of lifestyle manage-

ment and metformin.1,2 They are also
included as recommended options for
three-drug combination therapy.
The glucose-lowering effects of
agents in both classes have been
shown to be durable over 1.5–3
years of treatment.15–20 Both types
of agents avoid some of the limitations associated with several other
glucose-lowering therapies. For
example, when avoidance of hypoglycemia is an important treatment
goal in patients not at glycemic goal
with metformin, the addition of a
GLP-1 receptor agonist or DPP-4
inhibitor (or a thiazolidinedione
[TZD]) is recommended by the
ADA/EASD because of their low
risk of hypoglycemia.21 Similarly,
when avoidance of weight gain is an
important treatment goal in patients
not at glycemic goal with metformin,
GLP-1 receptor agonists and DPP-4
inhibitors are the recommended
treatment options.21 There are, however, important differences between
the two drug classes that affect when
and how they should be used to individualize therapy.
Comparison of GLP-1 Receptor
Agonists and DPP-4 Inhibitors in Type
2 Diabetes
There are several key differences
between the two classes of incretinbased therapy, with the first being that
GLP-1 receptor agonists are delivered
through subcutaneous injection,
whereas DPP-4 inhibitors are taken
orally. However, further comparison
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Table 1. Differences Between DPP-4 Inhibitors and GLP-1 Receptor Agonists16,22–53
DPP-4 Inhibitors

GLP-1 Receptor Agonists

Route of administration

Oral

Subcutaneous injection

Tolerability issues

None

Nausea (mostly transient)

∼0.5–1.0%

∼1.0–1.7%

Neutral

Loss (for most patients with type 2
diabetes)

Gastric emptying rate

No effect

Slow (exenatide BID) or little effect
(exenatide QW, liraglutide)

Satiety

No effect

Promotes

No effect (?)

Decrease in systolic blood pressure of
1–7 mmHg

+16 to –35 mg/dl

–12 to –40 mg/dl

Major differences

Magnitude of A1C lowering
Weight effects
Additional differences

Blood pressure
Triglycerides
makes clear that DPP-4 inhibitors are
not oral versions of the GLP-1 receptor agonists (Table 1).16,22–53
Second, initiation of GLP-1
receptor agonist therapy is sometimes associated with nausea,
whereas DPP-4 inhibitors have no
significant tolerability issues. Nausea
with GLP-1 receptor agonists is
usually mild, peaks within 8 weeks
of starting exenatide BID and 4–8
weeks of starting liraglutide, and
resolves in all but ~ 10% of cases
within 28 weeks with exenatide BID
and 8 weeks with liraglutide.22–24
Nausea also peaks early after
initiation of exenatide QW and
resolves within 10 weeks in nearly all
patients.25
A third difference is in A1C
reduction, which is about 1.0–1.7%
with GLP-1 receptor agonists16,25–29
compared to 0.5–1.0% with the
DPP-4 inhibitors.30–34
Another difference is that GLP-1
receptor agonists promote a 1- to
4-kg weight loss in most people with
type 2 diabetes, whereas DPP-4
inhibitors are weight neutral. DPP-4
inhibitors do not promote satiety,

probably because their use results in
a level of GLP-1 activity that is only
approximately one-sixth that of the
GLP-1 receptor agonists.35–37
There are additional differences
between the two incretin-based drug
classes. Unlike the DPP-4 inhibitors,
the GLP-1 receptor agonists, especially exenatide BID, slow patients’
gastric emptying rate.38,39 This likely
is one factor that contributes to the
greater reduction in the postprandial
glucose with the GLP-1 receptor
agonists compared to DPP-4 inhibitors.1,39,40 In a 6-week crossover trial,
postprandial glucose was reduced by
112 mg/dl with exenatide BID and 37
mg/dl with sitagliptin.39
Cardiovascular biomarkers are
also positively affected with GLP-1
receptor agonists, which typically
lower systolic blood pressure 1–7
mmHg, with diastolic blood pressure unaffected.7,21,25,27,41–48 The blood
pressure effects of DPP-4 inhibitors
are equivocal,41,42,49,50 although one
study51 showed a 10-mmHg reduction in systolic blood pressure with
sitagliptin over 6 months.

In terms of the lipid profile, the
largest effect of both drug classes
is on triglycerides, with a reduction of 12–40 mg/dl with GLP-1
receptor agonists and changes of
+16 to –35 mg/dl with DPP-4 inhibitors.7,23,27,29,41,44–48,50,52,53 Although these
effects on blood pressure and lipids
are modest and no cardiovascular
outcomes trials have been completed, they may provide additional
benefit in a population that is at
increased risk of cardiovascular
complications.
Although agents from both
classes are well tolerated, acute
pancreatitis has been observed
in a small percentage of patients
treated with either one. Whether the
acute pancreatitis resulted directly
from treatment with these agents
is widely debated54,55 and is being
actively investigated.56–61 Until this
issue is clarified, it is suggested that
the two incretin-based therapies be
avoided in patients with a history of
pancreatitis.
The long-term safety of both drug
classes is only beginning to emerge.62
One safety concern that has arisen
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from studies in animals and from
postmarketing reports is the possibility of an increased risk of thyroid
C-cell tumors with GLP-1 receptor agonists. Data from studies in
rodents using liraglutide doses eight
times higher than in humans showed
an increased risk of C-cell tumors;
however, tumors were also observed
in rodents not receiving a GLP-1
receptor agonist.57 Investigation
in monkeys using doses > 60 times
human exposure levels for 20 months
has shown no evidence of C-cell
hyperplasia.63
The risk to humans is thought
to be low because GLP-1 receptors
are not present to a high degree in
the human thyroid as they are in the
rodent thyroid.63 In addition, calcitonin (a marker of C-cell tumors) in
patients exposed to liraglutide for 2
years has been shown to remain at
the lower end of the normal range,
and the proportion of patients
whose calcitonin increased above
the clinically relevant cutoff value of
20 pg/ml was similar with liraglutide
and comparator treatments in nine
clinical trials.63
Numerous long-term safety investigations are ongoing for various
disorders such as acute pancreati-
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tis, thyroid cancer, cardiovascular
events, renal safety, and hypersensitivity reactions.56,58–61,64
Comparison of GLP-1 Receptor
Agonists in Type 2 Diabetes
There are many important differences
among the three GLP-1 receptor agonists (Table 2). Several of these relate
to the dosing and administration of
the three agents.
The need to administer exenatide BID twice daily at least 6 hours
apart and within 60 minutes of
eating can be difficult for patients.
There is greater flexibility with
exenatide QW and liraglutide,
both of which can be administered
without regard to meals. The onceweekly administration of exenatide
QW and once-daily administration
of liraglutide also serve to simplify
administration.
Exenatide BID and liraglutide are
available as pre-filled pen devices
with narrow-gauge needles that
simplify administration and can
minimize concerns of patients with
needle phobia. Exenatide QW is
available as a system that requires
assembly, after which the dose must
be promptly administered. People
with vision problems or limited

manual dexterity, such as those with
arthritis, may find assembling the
exenatide QW system difficult.
Exenatide QW commonly causes
a small lump at the injection site
shortly after injection due to its
microsphere formulation.65 Although
the lump generally disappears
within 3–4 weeks, its occurrence
can be a concern to patients, particularly if they are not informed
of this ahead of time. Injection site
reactions suggesting an allergic
reaction have been observed with
each of the GLP-1 receptor agonists;
when they occur, discontinuation is
recommended.
Other differences among the
GLP-1 receptor agonists relate to
their glucose-lowering effects. The
onset of glucose lowering occurs
within a few days with exenatide
BID and liraglutide and up to 2
weeks with exenatide QW.23,26,37,66,67
The slower onset of activity with
exenatide QW results from a delay in
the achievement of a blood concentration of exenatide within the
therapeutic range until 2–5 weeks
after initiation.37,67
Before initiating exenatide QW,
it is important to inform patients
that their blood glucose would not

Table 2. Key Differences Among the GLP-1 Receptor Agonists
Exenatide BID

Exenatide QW

Liraglutide

Twice daily

Once weekly

Once daily

Dosing in relation to eating

Within 60 minutes of two
major meals, at least 6 hours
apart

Any time during the day
regardless of meals

Any time during the day
regardless of meals

Ease of administration

Pre-filled pen with 29-, 30-,
or 31-gauge needle; different
pens are required to deliver
the 5- and 10-μg doses

Kit requiring assembly;
23-gauge needle

Pre-filled pen with 30- or
32-gauge needle; the same
pen can be used to deliver
the 0.6-, 1.2-, and 1.8-mg
doses

Infrequent, self-limiting

Small lumps

Infrequent, self-limiting

Onset of action

Within days

2 weeks

Within days

Nausea*

Significant

Minimal

Mild

Dosing Frequency

Site reaction*

*Based on the author’s personal experience.
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Table 3. Head-to-Head Comparisons of GLP-1 Receptor Agonists
Exenatide BID
vs. Liraglutide
(n = 464)7

Exenatide BID
vs. Liraglutide
Extension
(n = 389)43

Exenatide BID
vs. Exenatide QW
(n = 252)70

Exenatide BID
vs. Exenatide QW
(n = 295)37

Exenatide
QW vs.
Liraglutide
(n = 911)65

Baseline treatment

Metformin and/
or sulfonylurea
for at least 3
months

Metformin and/
or sulfonylurea
for at least 3
months

Diet/exercise alone
or with metformin, sulfonylurea, TZD, or
combination

Diet/exercise alone
or with metformin, sulfonylurea, TZD, or
combination

Lifestyle
modification and
metformin,
sulfonylurea,
TZD, or
combination

Mean baseline A1C (%)

8.1–8.2

7.0–7.2

8.4–8.5

8.3

8.4–8.5

Treatment

• Exenatide 5
μg BID, Í 4
weeks, then 10
μg BID Í 22
weeks
• Liraglutide 0.6
mg QD Í 1
week, then 1.2
mg QD Í 1
week, then 1.8
mg QD Í 24
weeks

• Exenatidetreated
patients
switched to
liraglutide 0.6
mg QD Í 1
week, then 1.2
mg QD Í 1
week, then 1.8
mg QD Í 12
weeks
• Liraglutidetreated
patients
continued

• Exenatide 5 μg
BID Í 4 weeks,
then 10 μg BID
Í 20 weeks
• Exenatide 2 mg
QW Í 24 weeks

Exenatide 5 μg
BID Í 3 days,
then
• Exenatide 5 μg
BID Í 4 weeks,
then 10 μg BID,
OR
• Exenatide 2 mg
QW
For a total of 30
weeks of treatment

• Exenatide
2 mg QW
Í 26 weeks
• Liraglutide
0.6 mg QD
Í 1 week,
then 1.2 mg
QD Í 1
week, then
1.8 mg QD
Í total of
26 weeks

A1C change from
baseline (%)

–0.8 vs. –1.1*

–0.3 vs. –0.1

–0.9 vs. –1.6*

–1.5 vs. –1.9†

–1.3 vs. –1.54

Fasting plasma
glucose change from
baseline (mg/dl)

–11 vs. –19*

–161 vs. –4

–12 vs. –35‡

–25 vs. –41*

–32 vs. –38§

Postprandial glucose
change from baseline
(mg/dl)

NE

NR

NR

–124 vs. –95§

NR

Weight change from
baseline (kg)

–2.9 vs. –3.2

–0.91 vs. –0.4

–1.4 vs. –2.3§

–3.6 vs. –3.7

–2.7 vs. –3.6

Percentage of patients
who achieved
A1C < 7.0%

43 vs. 54||

58 vs. 61

30 vs. 58§

61 vs. 77||

53 vs. 60||

Percentage of
patients who achieved
A1C ≤ 6.5%

21 vs. 35*

41 vs. 39

16 vs. 41§

42 vs. 49

NR

continued on p. 36
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Agonists continued from p. 35
Table 3. Head-to-Head Comparisons of GLP-1 Receptor Agonists,
Hypoglycemia

Minor:
2.600 vs. 1.932
Major:
2 vs. 0 (episodes/
patient-year)

Minor:
1.30 vs. 0.74
(episodes/
patient-year)

Minor:2
3.3 vs. 3.9%
Major: none

Minor:3
5.4 vs. 6.1%
Major: none

Minor:
15 vs. 12%5
4 vs. 3%6
Major: none

NE, not evaluable from data provided; NR, not reported.
P values between two agents:
*P ≤ 0.0001
†P ≤ 0.01
‡P ≤ 0.001
§P ≤ 0.05
||P ≤ 0.005
1
P < 0.0001 compared to baseline.
2
Occurred only in patients receiving concomitant treatment with a sulfonylurea.
3
Occurred in only one patient not receiving concomitant treatment with a sulfonylurea.
4
Reported as not meeting noninferiority criterion of a treatment difference in change from baseline in A1C (exenatide QW –
liraglutide) < 0.25%.
5
In those taking a concomitant sulfonylurea.
6
In those not taking a concomitant sulfonylurea.
be expected to improve significantly
until a few weeks after starting the
therapy.25,42 If hyperglycemia is unacceptable, then a bridging therapy
such as short-term basal insulin may
be considered.
A1C reduction with GLP-1 receptor
agonists
The results of randomized clinical trials (RCTs) involving these
agents as monotherapy or in combination with one or more other
glucose-lowering agents show a
reduction in the A1C of 0.5–1.1%
with exenatide BID, 1.5–2.0% with
exenatide QW, and 0.5–1.5% with
liraglutide.7,24,25,28,37,42,44,68–71 In five
head-to-head RCTs with GLP-1
receptor agonists, important differences among the agents were observed
from baseline to study end and are
detailed in Table 3 and summarized in
Table 4.7,37,43,65,70
Significantly more patients
treated with exenatide QW achieved
an A1C of < 7% compared to
exenatide BID, with a comparable
incidence of minor hypoglycemia
(events consistent with hypoglycemia
with blood glucose < 54 mg/dl).37,70

36

Table 4. Summary of Significant Differences (P < 0.05) from Head-to-Head
Comparisons of GLP-1 Receptor Agonists7,37,43,65,70
A1C:
• Liraglutide 1.8 mg QD > exenatide BID
• Exenatide QW > exenatide BID
Fasting plasma glucose:
• Liraglutide 1.8 mg QD > exenatide BID
• Exenatide QW > exenatide BID
Postprandial glucose:
• Exenatide BID > exenatide QW
Nausea:
• Exenatide BID > liraglutide 1.8 mg QD
• Exenatide BID > exenatide QW
Percentage of patients who achieved A1C < 7%:
• Liraglutide 1.8 mg QD > exenatide BID
• Exenatide QW > exenatide BID
• Liraglutide > exenatide QW
In contrast, the incidence of minor
and major hypoglycemia was slightly
lower with liraglutide compared to
exenatide BID and exenatide QW
despite significantly more patients
achieving an A1C of < 7% with
liraglutide.7,43,65
These latter findings are
consistent with the results of a
prespecified meta-analysis of seven

trials evaluating liraglutide with
other glucose-lowering agents.72 At
26 weeks, the composite endpoint
of A1C < 7%, no hypoglycemia,
and no weight gain was observed in
40% of those treated with liraglutide 1.8 mg and 32% of those with
liraglutide 1.2 mg compared to 25%
of those treated with exenatide BID,
15% with insulin glargine, 8% with
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glimepiride, 11% with sitagliptin,
and 8% with placebo.72
These head-to-head trials also
generally showed a weight loss of
1–4 kg with GLP-1 receptor agonists.
In addition, only two episodes of
major hypoglycemia requiring the
assistance of another person were
observed, both in patients treated
with exenatide BID; minor hypoglycemia was infrequent.7,37,43,65,70
Weight loss with GLP-1 receptor
agonists
The average weight loss of 1–4 kg
observed in the head-to-head trials
is consistent with other clinical trials
showing that weight loss is experienced by > 80% of people with type 2
diabetes who are treated with a GLP-1
receptor agonist.15,23,26,44,46,47 Although
not all patients lose weight, most of
those who do not still experience
improvement in their glycemic profile.
A meta-analysis of seven 26-week
phase 3 clinical trials involving liraglutide showed that weight loss > 5%
was experienced by 17.7% treated
with liraglutide 1.2 mg, 24.4% with
liraglutide 1.8 mg, 17.7% with exenatide BID, and 9.9% with placebo.73
Patients with a higher BMI (e.g., ≥ 30
kg/m2) experience the greatest loss of
weight.15,73
Nausea has been investigated as
a potential cause for weight loss, but
this generally has not been shown to
be a contributing factor.23,24,46,73 It is
likely that weight loss results from
the ability of GLP-1 receptor agonists to promote satiety and reduce
caloric intake.39,74–76 Therefore,
patients should be encouraged to
stop eating when they feel full.
It is not uncommon for patients
to focus on the weight loss effect of
GLP-1 receptor agonists, and this
can serve as a motivating factor
for initiating and adhering to this
therapy. It is, however, important
to counsel patients that weight
loss is an added benefit and that
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the primary reason for using this
therapy is to lower the blood glucose.1,2 Counseling patients about
the continued importance of positive
lifestyle behaviors is also necessary.
Hypoglycemia risk with GLP-1
receptor agonists
The low risk of hypoglycemia with the
GLP-1 receptor agonists is comparable to that of DPP-4 inhibitors,
metformin, TZDs, and α-glucosidase
inhibitors1,2,77 and is likely because
of the glucose-dependent actions of
GLP-1 receptor agonists. Although
infrequent, most episodes of hypoglycemia associated with GLP-1 receptor
agonist therapy are mild or moderate
in severity.7,37,43,65,70
People who are at risk of GLP-1
receptor agonist–related hypoglycemia are generally the same as those
at risk of hypoglycemia from other
glucose-lowering agents, including those with a longer duration of
diabetes, who perform intensive
physical exercise, or have kidney dysfunction or liver disease. People are
also at risk of hypoglycemia when a
GLP-1 receptor agonist is added to a
secretagogue or insulin.37,67,69,71 Thus,
the dose of the sulfonylurea, meglitinide, or insulin should be reduced
and blood glucose closely monitored
to minimize this risk.
It is important to periodically
remind patients about the signs
and symptoms of hypoglycemia
and actions they should take if they
occur. Inclusion of this information
in a written action plan can be helpful. Family members and caregivers
should also be familiar with the
hypoglycemia action plan because
they may be called upon to recognize
and initially manage a hypoglycemic
episode.
Individualizing GLP-1 Receptor
Agonist Therapy
The largely self-managed nature
of type 2 diabetes requires that

management decisions be made in
collaboration with each patient based
on that patient’s needs, interests,
and capabilities, as well as disease
course.1,2,77 As these discussions
take place, it is important to keep
in mind that the evidence presented
above comes from clinical trials and
may not be generalizable to a realworld patient population. It is also
important to keep in mind that data
cited above are mean results and that
results in individual patients will
be different. That is, some patients
will experience more and others less
weight loss or A1C lowering than
these mean results suggest. This is
clearly demonstrated by the fact that
patients with a baseline A1C ≥ 9–10%
generally experience greater lowering
of A1C greater than the mean.7,78
Because the A1C-lowering differences among the GLP-1 receptor
agonists are relatively small, one
of the key factors in selecting a
specific agent in this class is the
patient’s glycemic profile. If fasting
plasma glucose is the primary target,
exenatide QW or liraglutide are better choices, whereas exenatide BID
would be a better choice if postprandial glucose is the primary target.
In addition to the glycemic profile, the selection of a GLP-1 receptor
agonist may be affected by other
patient-related factors. For example,
most patients find it easy to remember to administer a medication in the
morning, but some have difficulty
remembering to administer a dose at
dinnertime. If this is the case, the use
of exenatide BID may be problematic, and liraglutide or exenatide QW
may be better choices. Once-weekly
administration of exenatide QW
is often preferred over once-daily
administration of liraglutide. For
some, however, this preference may
be offset by the need to assemble the
administration kit for exenatide QW,
the larger-gauge needle, or the small
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lumps that can occur at the injection
site with this agent.
Another factor to consider is
the slower onset of glycemic lowering with exenatide QW because this
may compromise adherence when
patients see only small changes in
fasting and postprandial glucose
over the first few weeks. If the delay
in glycemic response with exenatide
QW is an identified concern and
symptoms of hyperglycemia are
present, the addition of basal insulin
to exenatide QW can be helpful
to more quickly reduce symptoms
and achieve glycemic control. Once
symptoms have improved and
glycemic control is achieved, it is
generally possible to titrate down
and discontinue the basal insulin.
These scenarios are examples
of how multiple factors often affect
the selection of a glucose-lowering
therapy for an individual patient. By
considering the differences among
the GLP-1 receptor agonists outlined
in Table 2, therapy may individualized to provide each patient with
the best opportunity for successful
self-management.
Strategies to Enhance Patient
Motivation
Patient motivation is a key factor
affecting self-management and should
be a focus during patient follow-up
appointments.77,79–81 It is important
to revisit with patients the long-term
goals established around the time of
their diagnosis because this reminds
patients of their broad goals for diabetes management.
Short-term goals should also be
discussed because they are more
specific and generally more easily
addressed.82 Short-term goals may
relate to any or all of patients’ blood
glucose indicators (A1C, fasting, or
postprandial), body weight, hypoglycemia, or other issues such as
improving adherence or reducing
some other barrier. The key is to
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find out what is most important to
the patient in the near term and then
help the patient arrive at a solution
to achieve that goal.79,82
Patient motivation can often
be improved by having patients
compare how they felt at the time
of their diagnosis to how they now
feel. Patient motivation can also be
enhanced by reminding patients of
the benefits of their current therapies, especially as they relate to what
is most important to each patient.83
Including discussion about the
benefits of treatment options when
changes to the treatment plan are
being considered can also help to
motivate patients.79 With respect
to the GLP-1 receptor agonists, the
likelihood of weight loss and the low
incidence of hypoglycemia have been
shown to enhance patient satisfaction.84–87 The limitations and side
effects of treatment options should
also be discussed because these are
a major determinant of short- and
long-term adherence.80
Patient motivation can also be
enhanced by simply asking patients
if they have any concerns or are
experiencing any difficulties with
their self-management.83 If they
are, finding solutions with patients
rather than for patients can serve
to enhance motivation and improve
adherence.79,82,88 Developing a written action plan can be particularly
helpful to patients who may be overwhelmed or have specific concerns
about a medication.
Keeping the treatment plan as
simple as possible while achieving
the treatment goals is an important
management goal.80 In some cases,
a less aggressive treatment plan
that a patient is willing to accept
is better in the short-term because
it can instill more confidence and
better motivate the patient for the
long-term. It can also strengthen the
patient-physician relationship, which
can be very helpful moving forward.

Logistical and Team Support
Discussing management issues with
patients and providing education
takes time in the short term but
can reduce future problems and
improve adherence, as well as possibly shorten office visits.80,89 Some of
these discussions, as well as much of
the ongoing support and follow-up,
can be provided by staff or other
health care professionals outside of
the practice.83,90 It is important that
those who provide these functions
be appropriately trained and able to
offer information and education that
is appropriate for each patient’s level
of understanding.90–93 Staff must be
adequately trained regarding administration devices and techniques for
GLP-1 receptor agonists because
there are significant differences in
these for the different agents.
Strategies for Specific Issues
Responders and nonresponders
Most patients treated with a GLP-1
receptor agonist experience a reduction in A1C. Some patients, however,
do not achieve glycemic benefit.
Possible reasons for not responding
to GLP-1 receptor agonist therapy
include nonadherence, severity of
disease (i.e., more advanced pancreatic β-cell dysfunction), antibody
formation, and genetic factors (e.g.,
different variants of proteins such
as TCF7L2 that may be involved in
GLP-1 signaling).
Patients should be questioned
about their adherence. If poor
adherence is identified, determining the causes is important so that a
solution acceptable to the patient is
identified and agreed upon.
A less likely reason for a patient
not achieving glycemic benefit is
the formation of antibodies leading
to the attenuation of the glycemic
response in some patients, particularly those with high titers resulting
from exenatide BID or exenatide QW.

Volume 32, Number 1, 2014 • Clinical Diabetes
Downloaded from http://clinical.diabetesjournals.org/ by guest on January 17, 2014

P r a c t i c a l

In most patients treated with a GLP-1
receptor agonist, antibody titers are
low and do not affect the glycemic
response.94,95
Because measurement of GLP-1
receptor agonist antibodies is not
routinely available in clinical practice, switching from one agent to
another in this class is an option for
those not responding. In patients
with anti-exenatide antibodies,
switching from exenatide BID to
liraglutide has been shown to result
in further glycemic reduction.95 For
patients who do not achieve adequate glycemic control with a GLP-1
receptor agonist as monotherapy
or in combination with metformin,
adding a third oral glucose-lowering agent or basal insulin are
options as recommended by current
guidelines.1,2
Nausea and vomiting
Although nausea and vomiting are
transient in most patients treated
with a GLP-1 receptor agonist,7,65 it
is important that these side effects be
discussed with patients before initiating therapy. It is also important to
keep in mind that some patients with
type 2 diabetes have impaired satiety
mechanisms that prevent them from
feeling full despite overeating. After
initiating this therapy, such patients
may begin to experience a feeling
of fullness that they may confuse
with gastrointestinal discomfort and
nausea.
Because nausea and vomiting
are common, particularly with
exenatide BID, patients should be
provided with strategies to minimize
their occurrence or to reduce their
severity should they occur. The most
commonly employed strategy is to
initiate therapy with exenatide BID
or liraglutide using a dose-escalation
regimen; there is no dose-escalation
plan for exenatide QW because
nausea is minimal with that agent
(Table 2).
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However, should nausea occur,
the dose of exenatide QW can be
held until nausea improves. The only
dose of exenatide QW is 2 mg once
weekly.96 Exenatide BID should be
initiated at a dose of 5 μg twice daily
and taken within 60 minutes before
the morning and evening meals.
The dose of exenatide BID can be
increased to 10 μg twice daily after 1
month based on patient tolerability.97
Liraglutide should be initiated at a
dose of 0.6 mg once daily for 1 week
and then increased to 1.2 mg once
daily.98 If the 1.2 mg dose does not
result in acceptable glycemic control,
it can be increased to 1.8 mg once
daily to achieve glycemic control.
If nausea or vomiting occur during dose escalation of exenatide BID
or liraglutide, there are several strategies patients can implement.99–101
First, all patients should be advised
to stop eating when they feel full
and to eat smaller meals, as well as
to avoid high-fat meals. Second, the
dose of exenatide BID can be taken
closer to mealtime. Third, the time
over which the dose of exenatide
BID or liraglutide is escalated can be
prolonged; this strategy is not applicable to exenatide QW. Alternatively,
the dose can be temporarily reduced
until the nausea or vomiting subside
and then increased.
For patients treated with a combination of metformin and a GLP-1
receptor agonist, lowering the dose
of metformin is often effective in
reducing nausea. Switching from one
GLP-1 receptor agonist to another is
also an option because some patients
who experienced persistent nausea
with exenatide BID were able to tolerate exenatide QW or liraglutide.43,71
Switching to exenatide QW might be
another option because this agent is
the least likely of the three to cause
nausea.37,65
Another alternative is to premedicate with oral antiemetics for
up to 1–2 weeks. Combined use of

open-label oral metoclopramide
10 mg with ondansetron 8 mg 30
minutes before administration of
a single 10-μg dose of exenatide in
healthy subjects (n = 120) resulted
in a significant reduction in nausea
(16.7 vs. 61.7%) and vomiting (6.7
vs. 38.3%) over 1 day compared to
patients who received no antiemetic
therapy, respectively.102
Cost considerations
The cost of medications continues to
be an important issue for patients,
especially as insurance plans change
and deductibles and copays increase,
thereby increasing patients’ out-ofpocket costs. Although discussing
costs with patients can be uncomfortable, patients are often relieved to talk
about medication costs when discussing treatment options rather than
finding out that they cannot afford a
given medication when they have the
prescription filled. Discussion related
to the cost of a medication also
provides an opportunity to investigate patients’ insurance and copays,
as well as medication assistance
programs through manufacturers or
government agencies.
Conclusion
Therapies that act on the incretin
system have become important treatment options for patients with type 2
diabetes. Differences between GLP-1
receptor agonists and DPP-4 inhibitors, as well differences among the
agents in the GLP-1 receptor agonist
class, provide important opportunities to individualize therapy in
patients over time.
In general, GLP-1 receptor
agonists have a major advantage
over other secretagogues because
they are associated with a low risk
of hypoglycemia. These agents
are a better choice than DPP-4
inhibitors if greater A1C lowering
is needed. Concerns about injections are usually mitigated by a
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quick demonstration by the medical
provider, nurse, or medical assistant.
Although the weight loss effect of
GLP-1 receptor agonists can help
motivate patients to take these medications, this effect is enhanced by
positive lifestyle behaviors.
By considering the benefits, limitations, and actual costs to patients
and integrating evidence from clinical trials with clinical experience,
diabetes care providers can employ
GLP-1 receptor agonists and DPP-4
inhibitors effectively to individualize therapy in patients with type 2
diabetes.
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