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System Requirements
Web Browser: microsoft internet explorer, mozilla firefox,  
apple safari or Google chrome.

Note: please disable any “pop-up blocker” features.

Software: adobe acrobat reader version 7 or above to  
view pdf files (if you do not have acrobat reader, you can 
download it for free from http://get.adobe.com reader).

Connection Speed: cable, dsl, or better of at least 300 kbps.

Learning Objectives
after participating in this knowledged-based educational activity, 
participants should be able to

1.  describe the rationale for developing incretin agents, 
including the shortcomings of older antidiabetic  
drug therapies.

2.  compare and contrast the pharmacology, pharmaco- 
kinetics, pharmacodynamics, and safety of glucagon-like 
peptide-1 receptor agonists and dipeptidyl peptidase-4 
inhibitors, and review the patient populations for which 
each type of agent is potentially beneficial.

3.  explain the role of incretin agents in the treatment of type  
2 diabetes mellitus based on evidence-based treatment  
guidelines from authoritative groups.

4.  recommend glycemic goals and drug therapy for an  
adult with type 2 diabetes mellitus based on his or her 
characteristics, needs, preferences, and tolerability.

A Guide to Emerging Treatments for  
Type 2 Diabetes: Focus on Incretin Therapies
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educators with timely education and resources to optimize the team-based 
management of diabetes.
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Executive Summary
diabetes is a common illness with substantial 
morbidity and mortality and a large economic 
impact in the united states. incretins are gastroin-
testinal hormones that promote pancreatic insulin 
secretion and suppress glucagon release after the 
ingestion of food. a diminished incretin effect in 
response to meals has been identified in patients 
with type 2 diabetes. incretin agents—glucagon-
like peptide-1 (Glp-1) receptor agonists and 
inhibitors of the dipeptidyl peptidase-4 (dpp-4) 
enzyme that degrades Glp-1—were developed to 
overcome some of the limitations of older antidia-
betic therapies. these two types of incretin agents 
differ from each other and older antidiabetic agents 
in several important ways, including adverse 
effects and cautions. the Glp-1 receptor agonists 
are given by injection, and their most common 
adverse effects are nausea and vomiting. the 
dpp-4 inhibitors are given orally and generally are 
well tolerated. the Glp-1 receptor agonists may 
cause weight loss, whereas dpp-4 inhibitors are 
weight neutral. recent evidence-based guidelines 
for the treatment of adults with type 2 diabetes 
recommend the use of incretin agents primarily as 
part of combination therapy. successful outcomes 
in patients with type 2 disease require an individu-
alized treatment plan with glycemic goals and drug 
therapy based on patient characteristics, needs, 
preferences, and tolerances.

Introduction
diabetes mellitus affects an estimated 25.8 million americans 
or 8.3% of the u.s. population.1 in 2012, the total cost of 
diagnosed diabetes in the united states was $245 billion, 
including $176 billion for direct medical costs and $69 
billion in reduced productivity.2 most diabetes-related costs 
stem from macrovascular and microvascular complications. 
diabetes is a major cause of heart disease and stroke and 
the leading cause of kidney failure, non-traumatic lower limb 
amputation, and new cases of blindness among american 
adults.1 diabetes is the seventh leading cause of death in the 
united states.1 type 2 disease accounts for 90% to 95% of 
diagnosed cases of diabetes.1 it is characterized by insulin 
resistance and a progressive loss of pancreatic β-cell func-
tion, resulting in a relative insulin deficiency and subsequent 
hyperglycemia.1

Rationale for Developing  
Incretin Therapies
type 2 diabetes is the result of defects in multiple organs, 
including the pancreas, liver, gastrointestinal (Gi) tract, 
adipose tissues, skeletal muscle, brain, and kidneys.3 

no single antidiabetic drug therapy addresses all of the 
pathophysiologic defects associated with type 2 disease.3 
therefore, combination therapy with complementary 
mechanisms of action that target multiple defects usually  
is required to provide glycemic control.4,5

the high morbidity and mortality from type 2 diabetes 
and shortcomings of older antidiabetic therapies (e.g., 
hypoglycemia, weight gain) have spurred research to further 
elucidate the pathogenesis of the disease and identify new 
therapeutic modalities. roughly one in eight american adults 
with diabetes has poor glycemic control (a1c> 9%).6

Are administrators at your health care facility 

aware of the substantial morbidity, mortality, 

and financial burden of type 2 diabetes? How 

might you advocate for expanding your role in 

improving treatment outcomes in adults with 

this disease to minimize its economic impact?
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type 2 diabetes is a cardiometabolic disease, with 
alterations in glucose metabolism and vascular function that 
heighten cardiovascular risk.7 therapeutic goals include 
reducing cardiovascular morbidity and mortality as well as 
providing long-term glycemic control (i.e., a durable  
reduction in a1c) by slowing or stopping the decline in 
pancreatic β-cell function associated with the disease.3

sulfonylureas have been used extensively to manage 
type 2 diabetes, but a risk for hypoglycemia and weight gain 
are disadvantages associated with this drug class (table 
1).3,8,9,13 the long-term glucose-lowering effect of sulfonyl-
ureas usually is not durable, and these drugs do not provide 
cardiovascular benefits.3,8

metformin also has been used extensively.8 the risk 
of hypoglycemia from metformin is low. the drug does not 
cause weight gain, and it may result in a modest weight 
loss.3 however, Gi side effects often limit the metformin 
dosage tolerated.11 the drug should not be used in patients 
with severe renal impairment, and a reduced dosage should 
be used for patients with moderate renal impairment.12

the risk of hypoglycemia from the thiazolidinedione 
pioglitazone is low.3 a reduction in triglycerides and increase 
in high-density lipoprotein cholesterol, which may be 
beneficial in patients with diabetes and dyslipidemia, also are 
associated with pioglitazone.4 however, weight gain, edema, 
heart failure, and distal extremity bone fractures (e.g., 
ankles, wrists) are potential problems with use of the drug.3 
a link between pioglitazone and bladder cancer has been 
suggested.14 the thiazolidinedione rosiglitazone is rarely 
used because of concerns about an increased risk for  
myocardial infarction, although the issue is controversial.8,15,16

insulin therapy improves glycemic control for all patients 
with type 2 diabetes.10 it is particularly beneficial for patients 
who are symptomatic or have high a1c values or a long 
duration of disease.13 however, the injectable route of 
administration and the risk for weight gain and hypoglycemia 
are disadvantages associated with insulin.8

Pharmacology, Pharmacodynamics, 
and Safety of Incretin Agents
the incretins glucagon-like peptide-1 (Glp-1) and glucose-
dependent insulinotropic peptide (Gip) are secreted by l cells 
and K cells, respectively, in the Gi tract.17 these Gi hormones 
promote the secretion of insulin and suppress glucagon 
release by pancreatic β and α cells, respectively.18 most of the 
secretion of Glp-1 and Gip by l cells and K cells is glucose-
dependent, increasing after the ingestion of food.18,19

in patients with newly-diagnosed type 2 diabetes 
mellitus and relatively good glycemic control (e.g., a1c 
<7%), secretion of Glp-1 and Gip in response to meals is 
comparable to that in persons without diabetes.17 however, 
in patients with long-term type 2 diabetes and poor 
glycemic control (e.g., a1c 8% to 9%), Glp-1 secretion is 
diminished and Gip secretion is unchanged compared with 
healthy persons.17 although Glp-1 suppresses glucagon 
secretion by pancreatic α-cells, Gip lacks this effect.20 other 
physiologic effects of endogenous Glp-1 include increased 
satiety, slowed gastric emptying, and reduced hepatic 
glucose output (figure 1).3,18 patients with type 2 diabetes 

Roughly what percentage of the adult patients 

with type 2 diabetes at your health care facility 

achieve and maintain their glycemic goals? 

What are the typical characteristics of those 

patients who fail to do so? What antihypergly-

cemic therapies are they currently using?  

What therapeutic changes could be made  

to improve glycemic control and outcomes  

in these patients?

storage, utilization and disposal of glucose and other nutri-
ents. GLP-1 is one of two physiological hormones that meet
the criteria of an ‘incretin’, that is, released from the intestine
in response to nutrients with the ability to stimulate
insulin secretion at physiologically relevant concentrations
(Creutzfeldt, 1979). GLP-1 exerts a potent insulin-releasing
effect on pancreatic b-cells (Hargrove et al., 1995), while
inhibiting the release of glucagon from a-cells (Creutzfeldt
et al., 1996). The most remarkable feature of the insulin-
releasing action of GLP-1 is that it occurs in a glucose-
dependent manner (Hargrove et al., 1995), and it is this
particular characteristic which prompted widespread interest
in its potential as an anti-diabetic treatment (Green and Flatt,
2007). Indeed, it is now well established that GLP-1-induced
insulin secretion leads to significant postprandial glucose low-
ering in both diabetic animal models (Doyle et al., 2001; Xiao
et al., 2001; Green et al., 2003; 2004a) and patients with type
2 diabetes (Gutniak et al., 1994; Juntti-Berggren et al., 1996;
Nauck et al., 1996).

Therapeutic applications of GLP-1
Drug therapies targeting the GLP-1R offer several new possi-
bilities for the treatment of type 2 diabetes. There is persua-
sive clinical evidence that prolonged therapy with GLP-1
analogues/mimetics exerts beneficial actions on cardiovascu-
lar risk factors such as hyperglycaemia, dyslipidaemia and
body weight in diabetic subjects (Juntti-Berggren et al., 1996;
Madsbad et al., 2004; DeFronzo et al., 2005; Suzuki et al.,
2007; Zinman et al., 2007). These effects are likely to occur
subsequent to the multiple glucose-lowering actions of GLP-1,
such as stimulation of satiety and energy expenditure, reduc-
tion of gastric emptying and development of conditioned
taste aversion (Turton et al., 1996; Willms et al., 1996; Thiele

et al., 1997; Hwa et al., 1998). Other reported anti-diabetic
actions of GLP-1 include the improvement of insulin sensi-
tivity (related to both direct and indirect effects on muscle
and adipose tissues, although these have yet to be demon-
strated in humans) (Sandhu et al., 1999; Gedulin et al., 2005;
Green et al., 2006), reduction in hepatic glucose output
(Larsson et al., 1997) and possible protective and regenerative
actions on the pancreatic b-cell (Buteau et al., 2003; Drucker,
2003; Liu et al., 2004; Gedulin et al., 2005).

The major advantage of GLP-1 over conventional anti-
diabetic therapies, such as sulphonylureas, is that its insuli-
notropic actions are dependent on ambient glucose
concentrations, thus mitigating the risks of hypoglycaemia
(Hargrove et al., 1995; Green and Flatt, 2007). Consequently,
a range of GLP-1 analogue and mimetic compounds are cur-
rently in development and are gradually making their way
towards the clinic (Table 1). GLP-1 analogues are those pep-
tides which closely resemble the GLP-1 amino acid sequence
(e.g. liraglutide) (Flatt et al., 2009), whereas mimetics are com-
pounds with alternative structures that seek to mimic the
actions of GLP-1 (e.g. exendin-4, small molecule agonist
Boc5) (Chen et al., 2007; Knudsen et al., 2007). Indeed, inhibi-
tors of DPP-4 (known as gliptins, e.g. sitagliptin, alogliptin),
which prevent physiological inactivation of endogenous
GLP-1 thereby boosting its activity, have been used for several
years to control hyperglycaemia in type 2 diabetes (see recent
reviews: Green et al., 2007; Flatt et al., 2009).

Early research sought to develop GLP-1 analogues (closely
resemble the GLP-1 amino acid sequence) which were resis-
tant to endogenous degradation by DPP-4, while retaining
potent activation of the GLP-1R and thereby extending the
in vivo half-life to around 4 h (Green et al., 2004b). In the
search to obtain a once-daily formulation, it was discovered
that the half-life of GLP-1 peptides could be further protracted
(>12 h) through methods such as acylation, PEGylation or the
attachment of chemical linkers (Green and Flatt, 2007). At
present, no GLP-1 analogues are clinically available, although
regulatory approval of liraglutide (Victoza®, NovoNordisk), an
acylated form of GLP-1, is expected in 2009. However, the
GLP-1 mimetic compound, Byetta® (exenatide, Eli Lilly) was
successfully launched in the USA in 2005 and subsequently in
the UK in 2007.

Initial pre-clinical findings with Byetta® in patients with
type 2 diabetes have now been supported by substantial clini-
cal evidence indicating that it exerts several beneficial actions
on glucose metabolism. These studies have reported that type
2 diabetic patients chronically treated with Byetta® demon-
strate marked increases in first- and second-phase insulin
secretion, suppression of postprandial glucagon secretion, sig-
nificant reductions in postprandial hyperglycaemia and
improved basal glycaemic control (Kolterman et al., 2003;
Fehse et al., 2005; Nauck et al., 2007; Zinman et al., 2007).
Furthermore, in clinical trials Byetta® was reported to cause
significant reductions in both plasma HbA1c levels and body
weight (Buse et al., 2004; Nauck et al., 2007).

Clinical approval of several further GLP-1 compounds is
expected within the next few years (Flatt et al., 2009) (sum-
marized in Table 1). It is hoped that these will offer additional
benefits to those of Byetta®, such as longer duration of action,
more desirable methods of administration (compared to

Figure 3 Physiological effects of glucagon-like peptide-1 receptor
agonists. Glucagon-like peptide-1 administration exerts diverse bio-
logical actions on a number of human target organs, such as the
pancreas, heart, brain, liver, stomach, muscle and adipose tissue.

Cardiovascular actions of glucagon-like peptide-1
DJ Grieve et al 1343

British Journal of Pharmacology (2009) 157 1340–1351

F i g u r e  1

Physiologic Effects of Glucagon-Like Peptide-1

Reprinted with Permission from Reference 18.
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T a b l e  1

Pharmacology and Pharmacodynamics of Commonly  
Used Drug Therapies for Type 2 Diabetes3,8-12

  Primary Plasma Potential Benefits Risks and Other  
Drug Class (Drug) Site of Action Glucose Affecteda and Advantages  Considerations

Biguanide (metformin) Liver FPG Weight neutral or loss GI side effects 
   Low risk of hypoglycemia Need to reduce dosage in 
   Low cost moderate renal impairment 
    and avoid use in severe    
    renal impairment

Sulfonylureas Pancreas FPG & PPG Low cost Weight gain 
    Hypoglycemia 
    Limited durability of long-term   
    glycemic control

Thiazolidinedione Liver, peripheral FPG & PPG Low risk of hypoglycemia Weight gain 
(pioglitazone) tissues (e.g.   Reduces triglycerides, Edema and heart failure 
 muscle), and fat  increases HDL-C Distal extremity bone fractures  
    High cost 
    Bladder cancer?

GLP-1 receptor agonists GI tract, liver, FPG (long-acting Weight loss  Injectable route of 
(exenatide, liraglutide) pancreas,  agents onlyb) Low risk for hypoglycemia administration 
 and brain  & PPG (both long-  GI side effects  
  and short-acting  Need for caution in renal  
  agentsc)  insufficiency (see Table 3) 
    High cost

DPP-4 inhibitors Liver and PPG Weight neutral Need for dosage reduction  
(alogliptin, linagliptin, pancreas  Low risk for hypoglycemia for all except linagliptin 
saxagliptin, and     Oral route of  in moderate to severe 
sitagliptin)   administration renal impairment (see Table 3)  
    High cost

Insulin Liver, muscle,  FPG (basal) or Improves glycemic Weight gain 
 and fat PPG (bolus) control for all patients Hypoglycemia 
   Particularly useful for  Injectable route 
   patients who are of administration  
   symptomatic or have  
   high A1c or long  
   duration of disease

CV = cardiovascular; DPP = dipeptidyl peptidase; FPG = fasting plasma glucose, GI = gastrointestinal;  
GLP = glucagon-like peptide; HDL-C = high-density lipoprotein cholesterol; PPG = postprandial plasma glucose
a The primary glucose affected does not reflect secondary effects. Lowering FPG can result in reduction of PPG.  
 Lowering PPG can result in reduction of FPG.
b Long-acting GLP-1 receptor agonists include once-daily liraglutide and once-weekly exenatide (Bydureon).
c Short-acting GLP-1 receptor agonists include twice-daily exenatide (Byetta).
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and low Glp-1 plasma concentrations often have diminished 
insulin secretion, high postprandial glucagon levels, rapid 
gastric emptying, a tendency to overeat due to diminished 
satiety, and elevated plasma glucose concentrations compared 
with healthy individuals.3 therefore, Glp-1-based medications 
have been developed for the treatment of type 2 diabetes.

the enzyme dipeptidyl peptidase-4 (dpp-4) rapidly 
degrades and inactivates endogenous Glp-1 (figure 2). the 
short half-life of Glp-1 (2 minutes) limits its therapeutic use.21 
the Glp-1 receptor agonists bind to and activate Glp-1 
receptors, but these agents undergo little or no degradation 
by dpp-4 and are eliminated much more slowly than Glp-1.21 
dpp-4 inhibitors have been developed to suppress the majority 
(80% to 100%) of plasma dpp-4 enzyme activity, which 
increases endogenous plasma Glp-1 concentrations.17,22

the incretin agents do not cause hypoglycemia when 
the drugs are used alone because their effect on insulin 
secretion is glucose-dependent.3 the Glp-1 receptor 
agonists differ from dpp-4 inhibitors in several important 
ways (table 2).21 the Glp-1 receptor agonists are given by 
subcutaneous (s.c.) injection, and the dpp-4 inhibitors are 
taken orally once daily with or without food (table 3).

treatment with Glp-1 receptor agonists produces 
pharmacologic concentrations of Glp-1 receptor activity 
that are 6- to 10-fold higher than the postprandial physi-
ologic levels in persons without diabetes.3 by contrast, 
dpp-4 inhibitors produce physiologic Glp-1 concentra-
tions after meals in patients with type 2 diabetes that are 
similar to those in healthy individuals without diabetes.3 
this difference may result in a greater reduction in a1c 

F i g u r e  2 

Mechanisms of Action of Incretin Therapies

T a b l e  2

Comparative Characteristics of Incretin Agents3,8–11,21

Characteristic GLP-1 Receptor Agonists DPP-4 Inhibitors

Route of administration Subcutaneous injection Oral

Effect on body weight Weight loss Weight neutral

Typical A1c reduction (%) 0.8–1.8 0.5–1.1

Risk for hypoglycemia Low Low

GI side effects Yesa No

Need for dosage reduction No, although caution is needed Yes, except for linagliptin   
in renal insufficiency in renal insufficiency (see Table 3) (see Table 3)

CV benefits Possible, although not proven Possible, although not proven

Cost High High

CV = cardiovascular; DPP = dipeptidyl peptidase; GI = gastrointestinal; GLP = glucagon-like peptide
a GI side effects from twice-daily exenatide and once-daily liraglutide are minimized by using a low initial dosage  
 followed by gradual increases based on clinical response.

Reference 21. Diabetes Care by American Diabetes Association. Reproduced with permission of American Diabetes Association  
in the format Continuing Education via Copyright Clearance Center.
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T a b l e  3

Dosing and Administration of Incretin Agents23–29

Drug Class Dosage Form and      
or Drug Concentration Route of   Use in Renal 
(Trade Name) or Strength Administration Usual Dosagea Impairment

ShORT-ACTING GLP-1 RECEPTOR AGONIST

Exenatide 250-mcg/mL injection s.c. injection into 5 mcg twice daily within Moderate renal impairment  
(Byetta) in 1.2-mL and 2.4-mL abdomen, thigh 60 min before morning (CrCl 30–50 mL/min): 
  prefilled injector pens or upper arm and evening meals (or use caution when initiating  
 that deliver 5-mcg or  before the two main meals therapy or escalating dosage 
 10-mcg doses (60   of the day, approximately Renal transplantation:  
 doses for a 30-day  6 hr or more apart);  use with caution   
 supply)  increased to 10 mcg  Severe renal impairment  
   twice daily after 1 month (CrCl <30 mL/min)  
   based on clinical response or ESRD: do not use drug

LONG-ACTING GLP-1 RECEPTOR AGONISTS

Exenatide Vials with 2 mg s.c. injection into 2 mg once every  Moderate renal impairment 
extended-release  exenatide as micro- abdomen, thigh,  7 days at any time  (CrCl 30–50 mL/min) or renal 
(Bydureon) spheres and prefilled  or upper arm of day with or transplantation: use with caution 
 syringes with 0.65 mL   without meals Severe renal impairment  
 diluent for use in sus-    (CrCl <30 mL/min) or 
 pending and delivering     ESRD: do not use drug 
 the microspheres        

Liraglutide 6-mg/mL injection in s.c. injection into 0.6 mg once daily at any time Use caution when 
(Victoza) 3-mL prefilled injector  abdomen, thigh,  of day with or without meals initiating therapy or 
 pens that deliver or upper arm for 1 week (to minimize GI escalating doses in  
 0.6-mg, 1.2-mg, or  symptoms, not provide patients with mild,   
 1.8-mg doses  glycemic control); increased moderate, or severe renal  
   to 1.2 mg once daily and if impairment, including 
   glycemic control is not ESRD  
   acceptable, 1.8 mg once daily 

DPP-4 INhIBITORS

Alogliptin 6.25-mg, 12.5-mg, Oral 25 mg once daily Mild renal impairment (CrCl ≥60 mL/ 
(Nesina) and 25-mg tablets  with or without food  min): no dosage reduction needed 
    Moderate renal impairment (CrCl 
    30–59 mL/min): 12.5 mg once daily   
    Severe renal impairment (CrCl <30 
    mL/min) or ESRD: 6.25 mg once daily

Linagliptin 5-mg tablets Oral 5 mg once daily  No dosage reduction needed  
(Tradjenta)   with or without food

Saxagliptin 2.5-mg and 5-mg Oral 2.5 mg or 5 mg once daily Moderate or severe renal  
(Onglyza) tablets  with or without food  impairment or ESRD (CrCl ≤50  
    mL/min): 2.5 mg once daily

Sitagliptin 25-mg, 50-mg,  Oral 100 mg once daily Mild renal impairment (CrCl >50 mL/ 
(Januvia) and 100-mg tablets  with or without food  min or SCr ≤1.7 mg/dL in men and  
    ≤1.5 mg/dL in women): no dosage  
    reduction needed 
    Moderate renal impairment  
    (CrCl 30-49 mL/min or SCr 1.8-3.0  
    mg/dL in men and 1.6-2.5 mg/dL in  
    women): 50 mg once daily 
    Severe renal impairment (SCr >3.0  
    mg/dL in men and >2.5 mg/dL in  
    women) or ESRD: 25 mg once daily

CrCl = creatinine clearance; DPP = dipeptidyl peptidase; ESRD = end-stage renal disease; GI = gastrointestinal; GLP = glucagon-like peptide;  
s.c. = subcutaneous; SCr = serum creatinine
aThe dosages listed are those approved by the Food and Drug Administration for patients with normal renal function.



Downloaded from www.leadingdiabetescare.org	 a Guide to emerGinG treatments for type 2 diabetes:  focus on incretin therapies | 8

and higher risk of adverse effects from Glp-1 receptor 
agonists than dpp-4 inhibitors. in comparative clinical 
trials performed to date of patients with type 2 diabetes 
and inadequate glycemic control, the reductions from 
baseline in a1c achieved from Glp-1 receptor agonists were 
greater than those associated with dpp-4 inhibitors.11,21 
significantly greater reductions in a1c were achieved from 
once-weekly exenatide or once-daily liraglutide (both of 
which are long-acting Glp-1 receptor agonists) than with 
twice-daily exenatide, which is a short-acting Glp-1 receptor 
agonist.30–32 differences in a1c reduction among the dpp-4 
inhibitors appear to be small based on limited data, with 
similar reductions in a1c observed when the dpp-4 inhibitor 
sitagliptin or saxagliptin was combined with metformin.33,34

most incretin agents affect postprandial plasma glucose 
(ppG) concentrations to a greater extent than fasting plasma 
glucose (fpG) concentrations.21 long-acting Glp-1 receptor 
agonists (i.e., once-weekly exenatide and once-daily 
liraglutide) address both fpG and ppG.3

the Glp-1 receptor agonists slow gastric emptying, 
which can delay postprandial nutrient absorption.3 this 
delayed gastric emptying may result in nausea and vomiting. 
the central action of Glp-1 receptor agonists in the brain 
increases satiety, which can result in weight loss if caloric 
intake is reduced.7 the dpp-4 inhibitors have minimal effects 
on gastric emptying and satiety. they are weight neutral 
and lack substantial Gi adverse effects.3 the nausea and 
vomiting from Glp-1 receptor agonists usually diminish over 
time.23 initiation of the Glp-1 receptor agonists liraglutide 
and twice-daily exenatide using small doses followed by 
gradual upward dosage titration based on clinical response 
reduces the severity of nausea.23 patients receiving these 
Glp-1 receptor agonists should be advised to stop eating 
when satiated (i.e., full or satisfied) to minimize vomiting. 
dosage titration is not required when initiating dpp-4 
inhibitors or extended-release (i.e., once-weekly) exenatide. 
steady state plasma exenatide concentrations are reached 
slowly after 6–7 weeks of treatment with the extended-
release form of the drug.24

incretin agents could potentially provide cardiovascular 
benefits in patients with type 2 diabetes. receptors for 
Glp-1 are found in the heart and blood vessels, and Glp-1 
may play a role in modulating myocardial contractility, 
vascular tone, heart rate, and blood pressure.18 however, 
the mechanisms involved in regulating heart rate and blood 

pressure are complex, making the impact of incretin therapy 
on these measures and cardiovascular events difficult to 
predict. reductions in plasma concentrations of atherogenic 
lipids have been observed during incretin therapy in patients 
with type 2 diabetes.3 reductions in systolic blood pressure 
also have been associated with the use of Glp-1 receptor 
agonists in this patient population.33 because type 2 diabetes 
is a major risk factor for cardiovascular disease and an 
increased risk for cardiovascular events has been associated 
with some antidiabetic therapies (e.g., rosiglitazone), the 
food and drug administration (fda) established premar-
keting and postmarketing cardiovascular safety assessment 
requirements for new diabetes medications.8 the results of 
two studies of the dpp-4 inhibitors alogliptin and saxagliptin 
conducted to fulfill these requirements recently were 
published.35,36 in these placebo-controlled studies of patients 
with type 2 diabetes and a history of or increased risk for 
cardiovascular events, no increased risk for cardiovascular 
events was associated with the use of the dpp-4 inhibitors. 
whether Glp-1 receptor agonists reduce the risk of cardio-
vascular events in patients with type 2 diabetes currently is 
under investigation.

the safety of incretin-based therapies is the subject 
of ongoing research. postmarketing reports have been 
received of acute pancreatitis, including fatal and nonfatal 
hemorrhagic or necrotizing pancreatitis, during treatment 
with incretin therapies.23–29 however, analysis of large 
observational databases has not revealed an increased risk 
of pancreatitis from the use of incretin therapies compared 
with other antidiabetic therapies.37 the potential risks and 
benefits of incretin therapy should be weighed before using 
these agents in patients with a history of pancreatitis. type 
2 diabetes is among the risk factors for acute pancreatitis 
(other risk factors include obesity, gallbladder disease, and 
hypertriglyceridemia).38 patients initiating incretin therapy 
should be observed closely for and asked to report signs 
and symptoms of pancreatitis (e.g., severe abdominal pain 
radiating to the back, with or without vomiting). therapy 
should be discontinued promptly if pancreatitis is suspected.

concerns have been raised about the possibility that 
incretin therapies could increase the risk for pancreatic 
cancer because chronic pancreatitis and diabetes are 
risk factors for this malignancy.39,40 the currently available 
evidence suggests that there probably is no increased risk 
for pancreatic cancer from incretin therapies, although 
additional research is needed.
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benign and malignant thyroid c-cell tumors have been 
detected in studies of some but not all types of animals 
exposed to liraglutide and extended-release (i.e., once-
weekly) exenatide.24,25 the relevance of these findings for 
humans receiving these drugs is unknown. nevertheless, 
liraglutide and extended-release exenatide should not  
be used in patients with a personal or family history of 
medullary thyroid carcinoma or patients with multiple 
endocrine neoplasia syndrome type 2.24,25 patients receiving 
these drugs should be advised to report symptoms of  
thyroid tumors (e.g., a lump in the neck, hoarseness, 
dysphagia, dyspnea).

postmarketing reports have been received of acute 
renal failure, sometimes requiring hemodialysis or kidney 
transplantation, in patients receiving Glp-1 receptor 
agonists and some dpp-4 inhibitors, although causality has 
not been established for dpp-4 inhibitors.23–25,27,29 acute 
renal failure in patients receiving Glp-1 receptor agonists is 
probably the result of the nausea, vomiting, and reduced oral 
fluid intake associated with use of these agents. neither the 
twice-daily nor the once-weekly form of exenatide should be 
used in patients with severe renal impairment or end-stage 
renal disease (esrd), and the drugs should be used with 
caution in patients with renal transplantation or moderate 
renal impairment (table 3) because exenatide is metabolized 
and cleared by the kidneys.23,24,41 liraglutide should be used 
with caution when initiating therapy or escalating the dosage 
in patients with mild, moderate, or severe renal impairment, 
including esrd.25 no liraglutide dosage adjustment is 
needed for these patients.25 a reduction in dosage of all 
dpp-4 inhibitors except linagliptin is recommended for 
patients with moderate or severe renal impairment  
(table 3). the kidneys play an important role in elimination  
of most dpp-4 inhibitors (the role of the kidneys in linagliptin 
elimination is minimal). however, dosage reductions in 
patients with renal impairment are recommended primarily to 
limit exposure to the drug and the risk of adverse effects that 
have not yet been detected, not because of concerns about 
nephrotoxicity. exposure to plasma dpp-4 inhibitor concen-
trations in excess of those that provide 100% inhibition of 
plasma dpp-4 enzymes is unnecessary.

postmarketing reports have been received about fatal 
and nonfatal hepatic failure in patients taking alogliptin.26 
hepatotoxicity has not been reported in patients taking other 
dpp-4 inhibitors or Glp-1 receptor agonists.42 a causal role 
between the use of alogliptin and hepatic failure has not 
been established. nevertheless, a standard liver function test 

is recommended before initiating alogliptin therapy. the drug 
should be used with caution in patients with abnormal liver 
function. patients receiving alogliptin should be advised to 
report symptoms of liver injury, including fatigue, anorexia, 
right upper abdominal discomfort, dark urine, and jaundice. 
alogliptin therapy should be interrupted if clinically significant 
liver enzyme elevations develop.

postmarketing reports of serious hypersensitivity reac-
tions (e.g., anaphylaxis, angioedema) have been received 
in patients receiving incretin agents.23–26,28,29 therapy should 
be discontinued promptly and supportive care should be 
provided if hypersensitivity develops.

Place of Incretin Therapy  
in Type 2 Diabetes
metformin is considered first-line therapy for type 2 
diabetes unless it is contraindicated or not tolerated.43 
evidence-based guidelines from most authoritative groups 
recommend incretin therapies in combination with other 
antidiabetic agents as second-line therapy after metformin 
plus lifestyle modifications (i.e., diet, exercise) have failed to 
provide adequate glycemic control in patients with type 2 
diabetes.8,43 lifelong diet and exercise are recommended for 
patients with type 2 diabetes.

in adults with type 2 diabetes, metformin alone provides 
a greater reduction in a1c than dpp-4 inhibitors alone, 
and metformin plus dpp-4 inhibitors are more effective 
for reducing a1c than metformin alone.44 patients who are 
symptomatic or have high a1c levels or a long duration of 
disease may require insulin with or without additional agents 
as initial therapy.43

the 2012 position statement of the american diabetes 
association (ada) and european association for the  
study of diabetes (easd) calls for metformin as initial drug 
therapy with the addition of a sulfonylurea, thiazolidinedione, 
Glp-1 receptor agonist, dpp-4 inhibitor, or insulin (usually 
basal) if the target a1c has not been achieved and main-
tained after 3 months of metformin monotherapy.8  
a three-drug combination using metformin and a  
sulfonylurea, thiazolidinedione, Glp-1 receptor agonist, 
dpp-4 inhibitor, or insulin is recommended if the target 
a1c is not achieved after 3 months of dual therapy (table 
4).8 when a Glp-1 receptor agonist or dpp-4 inhibitor is 
used as part of triple therapy, it is used with metformin and 
a sulfonylurea, thiazolidinedione, or insulin. use of both a 
Glp-1 receptor antagonist and dpp-4 inhibitor as part of 
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T a b l e  4

General Recommendations from the ADA and EASD for Antihyperglycemic Therapy  
in Patients with Type 2 Diabetes8,a

triple therapy currently is not recommended. more complex 
strategies (e.g., multiple daily insulin doses in combination 
with one or two non-insulin agents) may be needed if 
triple therapy that includes basal insulin is not effective for 
providing glycemic control within 3–6 months.

in a 2013 american association of clinical 
endocrinologists (aace)/american college of endocrinology 
(ace) algorithm for glycemic control in patients with type 
2 diabetes, treatment is based on the initial a1c level.5 in 
patients with an initial a1c less than 7.5%, monotherapy with 
metformin, a Glp-1 receptor agonist, dpp-4 inhibitor, or 
α-glucosidase inhibitor (e.g., acarbose, miglitol) is recom-
mended in that order of preference. if the a1c remains  
above 6.5% after 3 months of monotherapy, dual therapy  
is recommended followed by triple therapy if glycemic 
control is not achieved within 3 months after addition of  
a second agent.

combination therapy using agents with complementary 
mechanisms of action is needed for most patients with an 
initial a1c of 7.5% or higher.5 dual therapy is recommended 
by aace/ace as initial therapy for patients with an a1c 
of 7.5% to 9.0%, and a Glp-1 receptor agonist or dpp-4 
inhibitor (in that order of preference) may be used in combi-
nation with metformin for this dual therapy.

in patients with an initial a1c exceeding 9.0%, dual or 
triple therapy is recommended in the aace/ace algorithm 
if the patient is asymptomatic.5 a Glp-1 receptor agonist 
or dpp-4 inhibitor may be used as part of these regimens, 
although the two types of incretin therapy should not be 
used together. insulin therapy with or without other agents 
is recommended for patients with an initial a1c higher than 
9.0% who are symptomatic and patients who are asymptom-
atic and unable to meet their a1c goal despite the use of  
non-insulin therapy.

INITIAL ThERAPy 

 Metformin + lifestyle modificationsb for 3 months

IF INITIAL ThERAPy FOR 3 MONThS IS INADEqUATE 

 Dual therapy with metformin, lifestyle modificationsb, and one of the following:

 SU TZD GLP-1 receptor agonist DPP-4 inhibitor Insulin (usually basal)

IF DUAL ThERAPy FOR 3 MONThS IS INADEqUATE

 Triple therapy with metformin, lifestyle modificationsb, and:

 SU plus one TZD plus one GLP-1 receptor agonist DPP-4 inhibitor Insulin (usually basal) 
 of the following: of the following: plus one of the following: plus one of the following: plus one of the following: 
 TZD SU SU SU TZD  
 GLP-1 receptor agonist GLP-1 receptor agonist TZD TZD GLP-1 receptor agonist 
 DPP-4 inhibitor  DPP-4 inhibitor Insulin Insulin DPP-4 inhibitor 

COMPLEx STRATEGIES with multiple daily insulin doses, usually in combination with one or two non-insulin agentsa and lifestyle  
modificationsb

ADA = American Diabetes Association; DPP = dipeptidyl peptidase; EASD = European Association for the Study of Diabetes; GLP = glucagon-like 
peptide; SU = sulfonylurea; TZD = thiazolidinedione

a Adapted from a position statement of the American Diabetes Association and European Association for the Study of Diabetes on the  
 management of hyperglycemia in type 2 diabetes: a patient-centered approach. Therapy should progress from the top to the bottom of table  
 based on therapeutic response (i.e., A1c), although the complex strategies listed at the bottom of the table may be used as initial therapy for  
 patients presenting with severe hyperglycemia or an A1c of 10.0% to 12.0%, with or without catabolic features (weight loss, ketosis).
b Lifestyle modifications include healthy eating, weight control, and increased physical activity.
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Tailoring Drug Therapy  
to Individual Patients
individualization of treatment for type 2 diabetes is the 
cornerstone of success.8 patient needs, preferences, 
and tolerances should be taken into consideration in 
developing a treatment plan. a target a1c less than 7% is 
recommended for most patients by the ada, and 6.5% or 
less is recommended by the aace.4,43 considerations in 
establishing glycemic goals include the duration of diabetes, 
life expectancy, the presence of diabetes complications 
and extensive comorbid conditions, and concerns about 
hypoglycemia or other adverse effects from drug therapy.43 
the duration of diabetes is a consideration because β-cell 
function deteriorates as the disease progresses.3 although 
a target a1c of less than 7% is chosen for most patients, a 
more lenient target (e.g., 8% or lower) might be chosen for 
patients with a long history of diabetes, short life expectancy, 
advanced diabetes complications or extensive comorbid 
conditions, unstable cardiac disease, or a recent history of 
severe hypoglycemia.8 conversely, a more stringent target 
of 6.5% or less might be chosen for patients with a short 
history of diabetes, long life expectancy, and no diabetes 
complications, comorbid conditions, or history of severe 
hypoglycemia.8 the patient’s self-care abilities and motiva-
tion should be evaluated because lower glycemic goals may 
be feasible for high functioning individuals whereas a higher 
goal may be required for less motivated persons with poor 
self-care abilities.5 the need to individualize glycemic goals 
should not be used as an excuse for poor glycemic control. 
appropriate individualization of goals can lower the risk of 
complications while avoiding harm from drug therapy.

other patient characteristics and concerns that should 
be taken into consideration in selecting drug therapy for 
type 2 diabetes include (1) which plasma glucose needs to 
be addressed (i.e., fpG, ppG, or both), (2) the magnitude 
of a1c lowering required (if it exceeds 2%, insulin or dual or 
triple drug therapy probably is needed), and (3) the presence 
of obesity, overweight, cardiovascular disease, and renal 
impairment.3 the potential benefits and risks associated with 
commonly-used drug therapies listed in table 1 can facilitate 
the decision-making process. drug therapies associated with 
weight loss or a weight neutral effect often are preferred for 
patients who are obese or overweight. drug therapies that 
may provide cardiovascular benefits usually are preferred 
over those with no such benefits (e.g., sulfonylureas) in 
patients with cardiovascular disease.

patient tolerability of side effects, especially Gi side 
effects and hypoglycemia, should be taken into consider-
ation when selecting drug therapy.8 avoidance of severe 
hypoglycemia should be a priority. patient preference for 
route of administration, dosing frequency, and cost may be 
important concerns. if the patient will not obtain, administer, 
or adhere to drug therapy, the likelihood of therapeutic 
success is greatly diminished.

the low risk of hypoglycemia and weight gain from 
incretin agents make these drugs useful for a wide variety 
of patient populations. because dpp-4 inhibitors are taken 
orally once daily, weight neutral, and well tolerated, they may 
be particularly helpful for elderly patients and patients with 
Gi side effects from other antidiabetic agents.13 obese or 
overweight patients could benefit more from Glp-1 receptor 
agonists than dpp-4 inhibitors because of the potential 
for weight loss associated with Glp-1 receptor agonists, 
although injection is required.13 Greater patient satisfaction 
has been reported from Glp-1 receptor agonists than dpp-4 
inhibitors despite Gi side effects and the need for injection, 
possibly because of greater satiety, weight loss, and efficacy 
in reducing a1c.33 the high cost of the drugs are consider-
ations in the use of all incretin agents.

Conclusion
diabetes has a large clinical and economic impact in the 
united states. incretin agents may play an important role 
in improving outcomes in adults with type 2 diabetes. an 
individualized approach to decision making about the 
treatment plan is needed to optimize patient outcomes.

What can you do as a health care professional  

to ensure that incretin agents are used properly 

to optimize glycemic control in patients with type 

2 diabetes at your health care facility? Why do 

you think GLP-1 receptor agonists are not used 

more widely at your facility despite the available 

evidence supporting their benefits? Could  

DPP-4 inhibitors be used more in your special 

populations, such as elderly patients?
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1. Which of the following is a disadvantage  
associated with the use of pioglitazone to  
treat type 2 diabetes in adults?

 a. need for dosage reduction in renal  
 impairment

 b. Gi side effects

 c. hypoglycemia

 d. weight gain

2. Which of the following is a physiologic effect  
of endogenous GLP-1 in persons without type  
2 diabetes?

 a. increased gastric emptying

 b. increased glucagon secretion

 c. increased hepatic glucose output

 d. increased satiety

3. Incretin agents are unlikely to cause hypoglycemia 
because:

 a. they do not act on the pancreas

 b. they do not affect β-cell function

 c. their effects are glucose-dependent

 d. their effects are insulin-dependent

4. Which of the following best explains the higher risk 
of GI adverse effects from GLP-1 receptor agonists 
compared with DPP-4 inhibitors?

 a. Greater reduction in a1c from Glp-1  
 receptor agonists

 b. injectable instead of oral route of administration  
 of Glp-1 receptor agonists

 c. higher (i.e., pharmacologic) concentrations of   
 Glp-1 receptor activity after meals from Glp-1  
 receptor agonists

 d. higher (i.e., physiologic) concentrations of Glp-1  
 after meals from dpp-4 inhibitors

5. Which of the following DPP-4 inhibitors does 
NOT require dosage adjustment for a patient with 
moderate renal impairment (creatinine clearance  
35 mL/min)?

 a. linagliptin

 b. alogliptin 

 c. saxagliptin

 d. sitagliptin 

6. Most DPP-4 inhibitors require a reduction in dosage 
in patients with moderate or severe renal impairment 
because of concerns about:

 a. nephrotoxicity

 b. undetected adverse effects

 c. acute pancreatitis

 d. hepatotoxicity

7. Which of the following incretin agents should be 
avoided in a patient with type 2 diabetes and a 
personal or family history of medullary thyroid 
carcinoma?

 a. twice-daily exenatide

 b. liraglutide

 c. alogliptin

 d. saxagliptin

8. Which of the following target A1c values is optimal 
for a 55-year-old patient with recently diagnosed 
type 2 diabetes and no evidence of diabetes compli-
cations or comorbid conditions?

 a. 6.5% or lower

 b. 7% or lower

 c. 8% or lower

 d. 9% or lower

Continuing Education Discussion Guide

Assessment Test Study Aid
this assessment test is provided here as a study aid only. follow the instructions on the previous page to complete  
this assessment test and the evaluation online to obtain ce credit for this activity.
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9. Which of the following types of adult patients with 
type 2 diabetes is most likely to require insulin as 
part of initial diabetes therapy?

 a. patients with a short life expectancy

 b. patients with cardiovascular disease

 c. patients who are symptomatic

 d. patients with a recent history of severe  
 hypoglycemia

10. In an obese adult with type 2 diabetes, hypertension, 
and an A1c of 8% despite 3 months of metformin 
monotherapy and lifestyle modifications, which of 
the following types of antidiabetic agents is the best 
choice to add?

 a. a dpp-4 inhibitor

 b. a Glp-1 receptor agonist

 c. a sulfonylurea

 d. a thiazolidinedione

11. Which of the following adult patient populations with 
type 2 diabetes is most likely to benefit from the 
use of DPP-4 inhibitors instead of GLP-1 receptor 
agonists?

 a. obese patients

 b. patients with a recent history of severe  
 hypoglycemia

 c. patients with cardiovascular disease

 d. patients who prefer to avoid injections

12. Which of the following is most likely to present a 
concern in using a DPP-4 inhibitor for an elderly 
woman with type 2 diabetes who is 5’2” tall, weighs 
85 kg, is vision impaired, lives on a fixed income in 
a retirement home, and experienced problematic GI 
side effects from metformin?

 a. preference to avoid injections

 b. potential for Gi side effects

 c. obesity

 d. high cost
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