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ABSTRACT 

Despite advances in diagnosis and treatment, type 2 dia-
betes mellitus (T2DM), overweight/obesity, cardiovascular 
disease, and their sequelae are major public health burdens 
worldwide. The understanding of the pathophysiology of 
T2DM has traditionally emphasized decreased insulin secre-
tion and increased insulin resistance, but evolving concepts 
now include the role of incretin hormones in disease pro-
gression. A comprehensive approach to managing patients 
with T2DM requires targeting both the fundamental defects 
of the disease and its comorbidities, including the sequelae 
of nonoptimal control of blood glucose, blood pressure, 
body weight, and lipids. Newer antidiabetes agents, such 
as the glucagon-like peptide–1 (GLP-1) receptor agonists 
and the dipeptidyl peptidase–4 (DPP-4) inhibitors, address 
fundamental defects related to glycemic control in T2DM 
and may have potential effects on other markers of 
cardiovascular risk. A redefi nition of treatment success may 
be warranted as more data become available.

KEY POINTS 

The NHANES 1999–2004 data showed that only 13.2% 
of patients with diagnosed diabetes achieved concurrent 
weight, blood pressure, and lipid level goals.

Among patients with T2DM, lifestyle intervention (control 
of weight, blood pressure, lipid levels) should be rein-
forced at every physician visit; glycosylated hemoglobin 
(HbA1c) should be monitored every 3 months until it is 
less than 7.0%, and then rechecked every 6 months.

The effects of GLP-1 agonists on HbA1c are comparable 
to insulin analogues, but GLP-1 agonists are associated 
with weight reduction, while insulin is associated with 
weight gain. 

DPP-4 inhibitors have been associated with signifi cant 
reductions in HbA1c when used alone or with metformin 
or pioglitazone.

A ccording to the American Association of 
Clinical Endocrinologists (AACE) and the 
American Diabetes Association (ADA), gly-
cosylated hemoglobin (HbA1c) in patients 

with diabetes should be maintained at 6.5% or less 
(AACE) or at less than 7.0% (ADA). Both organiza-
tions support an aggressive stepwise approach that 
includes medication and lifestyle modifi cation, with 
strategies and clinical attention devoted to avoiding 
signifi cant hypoglycemia.1,2 Yet, despite the introduc-
tion of new antidiabetes agents, most current manage-
ment strategies are offset by limitations in achieving and 
maintaining glycemic targets needed to provide optimal 
care for patients with diabetes, more than 90% of whom 
have type 2 diabetes mellitus (T2DM).3,4

Nationally, glycemic control among patients with 
T2DM has improved but is still far from optimal. 
According to data from the 1999–2000 National Health 
and Nutrition Examination Survey (NHANES), glycemic 
control (HbA1c < 7.0%) rates were 35.8% for patients 
with T2DM.5 In a more recent report (NHANES 1999–
2004), fewer than half (48.4%) of adult patients with 
diagnosed diabetes achieved HbA1c levels below 
7.0%.5,6 Factors contributing to these data include earlier 
onset and earlier detection of T2DM.7

CHANGING TREATMENT TRENDS 

Available treatments for patients with T2DM include 
secretagogues, such as sulfonylureas and “glinides” (repa-
glinide and nateglinide), metformin, thiazolidinediones 
(TZDs), and dipeptidyl peptidase–4 (DPP-4) inhibitors 
among oral medications, and insulin and glucagon-like 
peptide–1 (GLP-1) receptor agonists among parenterally 
administered agents. According to the latest published 
data on prescribing patterns for patients with T2DM, 
analyses of the National Disease and Therapeutic Index 
(1994–2007) and the National Prescription Audit 
(2001–2007), sulfonylurea use decreased from 67% of 
treatment visits in 1994 to 34% of visits in 2007.8 By 
2007, metformin, used in 54% of treatment visits, and 
TZDs, used in 28%, were the most frequently adminis-
tered antidiabetes agents. Insulin use declined from 38% 
of visits during which a treatment was administered in 
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1994 to 25% of visits in 2000, but had increased subse-
quently to 28% of visits in 2007.

SIGNIFICANCE OF CARDIOVASCULAR RISK 

Clinical research has suggested that focusing solely on 
improving glycemic control may be insuffi cient to reduce 
overall morbidity and mortality associated with diabetes. 
Specifi cally, data from recent studies, including the Action 
to Control Cardiovascular Risk in Diabetes (ACCORD), 
the Action in Diabetes and Vascular Disease: Preterax 
and Diamicron Modifi ed Release Controlled Evalua-
tion (ADVANCE), and the Veterans Affairs Diabetes 
Trial (VADT), emphasized that lowering HbA1c below 
7% in a high-risk population of individuals with T2DM 
did not improve cardiovascular (CV) outcomes.9–11 The 
observations confi rm that risk factors, including weight, 
blood pressure (BP), and lipid levels, are vitally important 
in reducing morbidity and mortality in this population. 
This perception is further underscored by the NHANES 
1999–2004 data, which showed poor concurrent control 
of HbA1c, BP, and lipids; only 13.2% of patients with 
diagnosed diabetes achieved all three target goals simul-
taneously.6 Similarly, a nationwide survey in Norway 
showed that only 13% of patients with T2DM concur-
rently achieved goals for HbA1c, BP, and lipids.12

In the Danish Steno-2 Study, patients with T2DM 
and persistent microalbuminuria were treated with 
either intensive target-driven therapy using multiple 
drugs or conventional multifactorial treatment. Over a 
mean period of 13.3 years (7.8 years of treatment plus 
5.5 years of follow-up), intensive multifactorial inter-
vention to control multiple CV risk factors, including 
HbA1c, BP, and lipids, was associated with a lower risk 
of death from CV causes (hazard ratio [HR], 0.43; 95% 
confi dence interval [CI], 0.19 to 0.94; P = .04) and a 
lower risk of CV events (HR, 0.41; 95% CI, 0.25 to 
0.67; P < .001) than was conventional therapy.13

This article clarifi es the redefi nition of treatment 
success in patients with T2DM based on targeting the 
underlying physiologic defects of the disease.

  T2DM, OVERWEIGHT/OBESITY, AND CV DISEASE: 
CLOSELY LINKED 

The incidence and prevalence of T2DM, overweight/
obesity, and CV disease (CVD) are increasing world-
wide. It is estimated that the worldwide prevalence of 
diabetes will increase from 171 million in 2000 to 366 
million by 203014; T2DM increases the risk of morbid-
ity and mortality from microvascular (eg, neuropathic, 
retinopathic, nephropathic) and macrovascular (eg, 
coronary, peripheral vascular disease) complications.15 
According to a Michigan health maintenance organiza-
tion study (N = 1,364), the median annual direct cost 
of medical care for Caucasian patients with T2DM who 

were diet controlled, had a body mass index (BMI) of 30 
kg/m2 or higher, and had no vascular complications was 
estimated to be $1,700 for men and $2,100 for women.16 
The actual cost of care for patients with T2DM may be 
much higher, since most patients present with multiple 
CV risk factors in addition to being overweight.

NHANES data show that approximately two-thirds 
of Americans are either overweight or obese17; over-
weight/obesity affects about 80% of adults diagnosed 
with T2DM.18 Overweight or obesity can increase the 
risk for developing T2DM by more than 90-fold and, 
in women, it can increase the risk for developing coro-
nary heart disease (CHD) by sixfold.19 The close link 
between T2DM and CVD is underscored further with 
recent data from the Framingham Heart Study, which 
showed a high lifetime risk of CVD in patients with dia-
betes, heightened further by obesity. During the 30-year 
study period, the lifetime risk of CVD in normal-weight 
people with diabetes was 78.6% in men and 54.8% in 
women; the risk increased to 86.9% in obese men with 
diabetes and to 78.8% in obese women with diabetes.20 
The NHANES data also showed that the prevalence of 
T2DM increased in the past decade and that patients 
are being diagnosed at a younger age, from a mean age of 
52 years in 1988–1994 to 46 years in 1999–2000.7

  BRIDGING THE GAP FROM PATHOPHYSIOLOGY 
TO UNMET NEEDS

The paradigm behind the pathophysiology of T2DM 
has shifted from its perception as a simple “dual-defect” 
disease (ie, defi ciency in insulin secretion and periph-
eral tissue insulin resistance) to a multidimensional dis-
order.1,21 This new model includes overweight/obesity, 
insulin resistance, qualitative and quantitative defects 
in insulin secretion, and dysregulation in the secretion 
of other hormones, including the beta-cell hormone 
amylin, the alpha-cell hormone glucagon, and the 
gastrointestinal incretin hormones GLP-1 and glucose-
dependent insulinotropic polypeptide.21–23

The major target of antidiabetes agents is glycemic 
control, assessed by a reduction in HbA1c, but their 
effects on other metabolic factors and their adverse 
effects differ with each agent (Table 1).3 Whereas met-
formin and alpha-glucosidase inhibitors may help nor-
malize glycemia with weight-neutral effects, many other 
agents, including insulin and its analogues, the “glin-
ides,” fi rst- and second-generation sulfonylureas, and 
TZDs, are associated with weight gain.23,24 In addition, 
the propensity to induce hypoglycemia differs among 
agents and clearly refl ects the mechanism of action of 
each drug. The observed limitations of older therapies 
treating a progressive disease that is associated with a 
number of comorbid conditions supports the need for 
continued development of new antidiabetes agents.
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  CLINICAL GUIDELINES AND CV RISK 
FACTOR MANAGEMENT

The best strategy for managing T2DM is a comprehen-
sive approach that addresses the fundamental core defects 
plus associated factors that contribute to increased CV 
risk. Several specialty groups have suggested guidelines 
and algorithms for the management of T2DM and its 
comorbidities. These guidelines, including the ADA 
standards of medical care, the AACE standards in 
tandem with the American College of Endocrinology 
guidelines, and the recent joint statement from the 
ADA and the European Association for the Study of 
Diabetes (EASD), acknowledge that the core defects of 
T2DM and the associated CV risk factors (eg, weight 
gain, obesity, hypertension, dyslipidemia) are important 
in developing optimal treatment strategies.1–3 Medical 
nutrition guidelines advocate weight loss as a key initial 
step in managing T2DM and the comorbidities that 
lead to elevated CV risk.25,26 The National Institutes of 
Health and the US Department of Health and Human 

Services/US Department of Agriculture advocate regu-
lar physical activity, dietary assessment, and periodic 
comorbidity and weight assessment for all people, not 
just those with T2DM or CVD.26,27

Weight reduction
Evidence in support of effective lifestyle intervention 
was demonstrated in the Action for Health in Diabetes 
(Look AHEAD) study. After 1 year, patients with 
T2DM treated with intensive lifestyle intervention 
lost an average of 8.6% of their initial weight compared 
with 0.7% in patients treated only with diabetes sup-
port and education (P < 0.001). The intensive-inter-
vention patients also had a signifi cant drop in HbA1c 
(from 7.3% to 6.6%; P < 0.001) and were able to reduce 
their antidiabetes, antihypertensive, and lipid-lowering 
medications.28 More recent data from the Look 
AHEAD study reported that overweight patients with 
T2DM enrolled in a weight management program 
experienced signifi cant weight loss, improved physical 

TABLE 1
Advantages and disadvantages of glucose-lowering interventionsa

Intervention Advantages Disadvantages

TIER 1: WELL-VALIDATED CORE3

Step 1: Initial therapy
   Lifestyle to decrease weight Broad benefi ts Insuffi cient for most within fi rst year
   and increase activity
   Metformin Weight neutral, minimal GI side effects, contraindicated with renal insuffi ciency
 hypoglycemia
Step 2: Additional therapy
   Insulin No dose limit, rapidly effective,  One to four injections daily, monitoring, weight gain,
 improved lipid profi le hypoglycemia
   Sulfonylurea Rapidly effective Weight gain, hypoglycemia (especially with 
  glibenclamide or chlorpropamide)

TIER 2: LESS WELL-VALIDATEDb,3

Thiazolidinedione Improved lipid profi le Fluid retention, CHF, weight gain, bone fractures, 
 (pioglitazone) potential increase in MI (rosiglitazone)
GLP-1 receptor agonist Weight loss Two injections daily, frequent GI side effects, long-term 
  safety not established
Other therapy
   �-glucosidase inhibitor Weight neutral Frequent GI side effects, TID dosing
   Glinide  Rapidly effective Weight gain, TID dosing, hypoglycemia
   Pramlintide Weight loss Three injections daily, frequent GI side effects, long-
  term safety not established
   DPP-4 inhibitor Weight neutral, minimal Long-term safety not established hypoglycemia

a “Well-validated core” and “less well-validated” are based on ADA/EASD consensus statement.3

b  In selected clinical settings, such as when hypoglycemia is particularly undesirable or where weight reduction is a major concern and glycosylated hemoglobin is close to normal, 
tier 2 (less well-validated) agents may be considered.

CHF = congestive heart failure; DPP-4 = dipeptidyl peptidase–4; GI = gastrointestinal; GLP-1 = glucagon-like peptide–1; MI = myocardial infarction; TID = three times daily
Adapted, with permission, from Diabetes Care (Nathan DM, et al. Diabetes Care 2009; 32:193–203), Copyright © 2009 by the American Diabetes Association.3 
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fi tness, reduced physical symptoms, and overall 
improvement in health-related quality of life.29 Thus, 
weight reduction appears to be a key component in 
reducing CV risk and improving quality of life in most 
patients with T2DM.28–30

Hypertension
Hypertension is a major risk factor for microvascular 
complications and CVD, and may be associated with, or 
be the underlying result of, nephropathy.2 BP control is 
clearly important in reducing the morbidity and mortal-
ity associated with T2DM. The recommended BP goal 
in patients with T2DM is less than 130/80 mm Hg.1,2

Hyperlipidemia
According to the Third Report of the National Cho-
lesterol Education Program (NCEP) Expert Panel on 
Detection, Evaluation, and Treatment of High Blood 
Cholesterol in Adults (Adult Treatment Panel III [ATP 
III]), diabetes is considered a CHD risk equivalent 
because it confers a high risk of new CHD developing 

within 10 years.31 In addition to the NCEP–ATP III 
guidelines, the ADA and the AACE have set target 
levels for lipids in patients with diabetes, including 
T2DM.1,2,31 All three organizations have defi ned 100 
mg/dL as the target level for low-density lipoprotein.

HbA1c and lifestyle intervention
The American Heart Association and the ADA initi-
ated a call to action for global risk assessment for CVD 
and diabetes.32 According to their joint scientifi c state-
ment, lifestyle intervention should be reinforced at every 
physician visit, and HbA1c should be monitored every 
3 months until it is less than 7.0% and then rechecked 
every 6 months. Adjustments in intervention should be 
made if the HbA1c level is 7.0% or higher.3 A recent 
joint statement from the ADA and the EASD revised 
an earlier treatment algorithm for the initiation of 
therapy in patients with T2DM; the revision includes 
incretin therapies (ie, GLP-1 receptor agonists) as a tier 
2 option, especially in patients in whom hypoglycemia 
and weight gain are concerns (Figure 1).3

FIGURE 1. Suggested 
algorithm for the metabolic 
management of patients with 
type 2 diabetes mellitus. 
Clinicians should reinforce 
lifestyle interventions at every 
visit and check glycosylated 
hemoglobin (HbA1c) every 3 
months until it is less than 
7.0%, and then check it at 
least every 6 months. The 
interventions should be 
adjusted if HbA1c is 7.0% or 
greater.

Reprinted, with permission, from 
Diabetes Care (Nathan DM, et al. 

Diabetes Care 2009; 32:193–203), 
Copyright © 2009 by the 

American Diabetes Association.3

Lifestyle + Metformin
+

GLP-1 receptor agonistb

No hypoglycemia
Weight loss
Nausea/vomiting

Lifestyle + Metformin
+

Pioglitazone
No hypoglycemia
Edema/CHF
Bone loss

Lifestyle + Metformin
+

Pioglitazone
+

Sulfonylureaa

Lifestyle + Metformin
+

Basal insulin

At diagnosis:
Lifestyle + Metformin

Lifestyle + Metformin
+

Intensive insulin

Lifestyle + Metformin
+

Basal insulin

Lifestyle + Metformin
+

Sulfonylureaa

TIER 2: LESS WELL-VALIDATED THERAPIES

STEP 1 STEP 2 STEP 3

TIER 1: WELL-VALIDATED CORE THERAPIES

a Sulfonylureas other than glibenclamide (glyburide) or chlorpropamide.
b Insuffi cient clinical use to be confi dent regarding safety.
CHF = congestive heart failure; GLP-1 = glucagon-like peptide–1
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  EVOLUTION OF ANTIDIABETES THERAPIES
Traditional antidiabetes agents used in the treatment 
of patients with T2DM have focused mainly on insulin 
secretion and insulin resistance, with treatment success 
defi ned as achieving HbA1c goals with a reduced inci-
dence of hypoglycemia.23 Secretagogues, such as sulfo-
nylureas and glinides, stimulate the pancreas to release 
insulin. Insulin sensitizers, such as TZDs and metformin, 
enhance the action of insulin in muscle and fat1,3,23 and 
lower hepatic glucose production. The alpha-glucosi-
dase inhibitors alter carbohydrate absorption from the 
gastrointestinal tract.1 The extent to which each agent 
achieves treatment success in terms of glucose lowering 
depends on several factors, including intrinsic attributes, 
duration of disease, and baseline glycemic control.3

Newer agents for the treatment of T2DM include the 
incretin-based therapies—GLP-1 receptor agonists and 
DPP-4 inhibitors—which infl uence mechanisms beyond 
increasing pancreatic insulin secretion and decreasing 
peripheral insulin resistance (Table 2).22 The GLP-1 sig-
naling pathway has been leveraged by two distinct pharma-
cologic approaches. The fi rst involves the use of synthetic 
peptides with glucoregulatory effects similar to those of 
endogenous GLP-1 (GLP-1 receptor agonists). The sec-
ond involves the use of DPP-4 inhibitors, small molecules 
that inhibit the proteolytic activity of DPP-4, leading to 
enhanced endogenous GLP-1 concentrations.22

GLP-1 receptor agonists
Exenatide effects. Although many agents are in develop-
ment, to date exenatide is the only GLP-1 receptor ago-
nist approved by the US Food and Drug Administration 
(FDA).8,33 Exenatide is an exendin-4 GLP-1 receptor 
agonist with multiple glucoregulatory effects, including 
enhanced glucose-dependent insulin secretion, reduced 
glucagon secretion and food intake, and slowed gastric 
emptying.22,34 Exenatide is detectable in the circulation 
for up to 10 hours following subcutaneous (SC) admin-
istration22 and has a greater potency in reducing plasma 
glucose than GLP-1 in preclinical studies.35,36 

By virtue of its benefi cial effects on glycemic control, 
weight, BP, and lipids, exenatide addresses some of the 
components of the metabolic syndrome.37–41 In pivotal 
30-week studies, exenatide was associated with HbA1c 
reductions that ranged from �0.40% to �0.86% from 
baseline and decreases in body weight of approximately 
�1 kg to �3 kg from baseline, without severe hypogly-
cemia.37–39 The percentage of patients who reached the 
ADA goal of HbA1c less than 7.0% at 30 weeks ranged 
from 24% to 34%. The addition of exenatide to TZD 
therapy in a 16-week study was associated with mean 
reductions in HbA1c of �0.98%, fasting plasma glucose 
(FPG) concentration of �1.69 mmol/L (�30.42 mg/
dL), and body weight of �1.51 kg.40

A posthoc analysis of an open-label extension study 
involving patients who completed the original 30-week 
placebo-controlled studies showed that 46% of patients 
who remained on exenatide achieved the ADA goal of 
HbA1c less than 7.0% at 3 years.41 Exenatide adminis-
tered for up to 3.5 years was associated with sustained 
reductions in HbA1c of �1.0% (P < .0001) and body 
weight of �5.3 kg (P < .001). Pancreatic beta-cell 
function, assessed by homeostasis model assessment, 
improved, as did BP, triglyceride, high-density lipopro-
tein, low-density lipoprotein, and aspartate aminotrans-
ferase levels.41

Comparison with insulin analogues. Compara-
tive studies have highlighted the contrasting effects of 
exenatide and insulin analogues (eg, insulin glargine and 
fi xed-ratio insulin).42–45 In a 26-week trial comparing 
exenatide with insulin glargine in subjects with T2DM, 
both agents resulted in similar decreases in HbA1c. 
Exenatide was also associated with a �2.3-kg weight 
reduction, whereas insulin glargine was associated with 
a +1.8-kg weight gain.42 Although rates of symptom-

TABLE 2
Modes of action of incretin-based agents

Agent Modes of action

GLP-1 receptor Direct peptide binding to GLP-1 receptor
agonists •  Enhance meal-related insulin secretion

in a glucose-dependent manner
 •  Restore fi rst-phase insulin secretory 

response to IV glucose
 •  Suppress inappropriately elevated 

glucagon secretion
 • Regulate gastric emptying
 • Reduce food intake
 •  Increase �-cell mass (animal models)

and improve �-cell function (humans)
DPP-4 Inhibit DDP-4 activity, thereby slowing 
inhibitors  the rate of endogenous incretin hormone 
 degradation and facilitating their gluco-
 regulatory effects
 •  Improve meal-related insulin secretion in 

a glucose-dependent manner
 •  Suppress inappropriately elevated 

glucagon secretion
 •  Increase �-cell mass (animal models)

and improve �-cell function (humans)

DPP-4 = dipeptidyl peptidase–4; GLP-1 = glucagon-like peptide–1; 
IV = intravenous
Adapted, with permission, from Current Diabetes Reviews (Stonehouse A, et 
al. Curr Diabetes Rev 2008; 4:101–109), Copyright © 2008 by Betham Science 
Publishers Ltd.22
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atic hypoglycemia were similar, there were fewer cases 
of nocturnal hypoglycemia with exenatide (0.9 event/
patient-year vs 2.4 events/patient-year with insulin).

In a 32-week study comparing exenatide BID with 
titrated insulin glargine QD, the HbA1c reductions for 
exenatide and insulin glargine were comparable. How-
ever, body weight decreased �4.2 kg over two 16-week 
treatment periods with exenatide, but increased +3.3 
kg over the same periods with the basal insulin ana-
logue.43 The incidence of hypoglycemia was lower with 
exenatide than with insulin glargine (14.7% vs 25.2%), 
although the difference was not statistically signifi cant. 

In another study that compared exenatide with 
biphasic insulin aspart, patients who were treated with 
exenatide also lost weight while those who received the 
fast-acting insulin analogue gained weight (between-
group difference, �5.4 kg). Patients treated with 
exenatide also demonstrated greater reductions in 
postprandial plasma glucose (PPG) excursions follow-
ing their morning (P < .001), midday (P = .002), and 
evening meals (P < .001).44 Overall, hypoglycemia rates 
were similar at study end between exenatide and insulin 
aspart (4.7 events/patient-year vs 5.6 events/patient-
year). In all of these studies, signifi cant gastrointestinal 
adverse events (nausea and vomiting) occurred more 
frequently with exenatide, and more patients withdrew 
from exenatide than from insulin.

Formulations in development. Other advances in 
GLP-1 receptor agonist therapy include novel formula-
tions under clinical development, such as exenatide once 
weekly36,46 and liraglutide, a human analogue GLP-1 
receptor agonist formulated for once-daily administra-
tion.47,48 In a 52-week study in patients with T2DM, 
liraglutide signifi cantly reduced HbA1c; the 1.2-mg SC 
QD dosage reduced HBA1c by �0.84% (P = .0014) 
and the 1.8-mg SC QD dosage by �1.14% (P < .0001). 
In comparison, glimepiride 8 mg orally QD achieved a 
�0.51% reduction. Liraglutide was also associated with 
greater reductions in weight, hypoglycemia, and systolic 
BP than glimepiride.47

A 26-week study compared liraglutide (0.6, 1.2, and 
1.8 mg SC QD), placebo, and glimepiride 4 mg QD 
in combination with metformin 1 g BID. HbA1c was 
reduced signifi cantly in all liraglutide groups compared 
with placebo (P < .0001). Mean HbA1c decreased 
�1.0% with liraglutide 1.2 mg and 1.8 mg and with 
glimepiride; it decreased �0.7% with liraglutide 0.6 
mg; and it increased +0.1% with placebo. Body weight 
decreased �1.8 kg to �2.8 kg in all liraglutide groups but 
increased +1.0 kg in the glimepiride group (P < .0001). 
The incidence of minor hypoglycemia with liraglutide 
(~3%) was comparable to that observed with placebo 
but less than that with glimepiride (17%; P < .001).48

A once-weekly long-acting release (LAR) formula-
tion of exenatide submitted to the FDA for approval 

may provide enhanced glycemic and weight control, 
potentially improving patient acceptance and adher-
ence.36,46 In a 15-week study, exenatide once weekly pro-
duced signifi cant reductions in HbA1c, FPG, PPG, and 
body weight. There were no withdrawals due to adverse 
events, and the formation of anti-exenatide antibodies 
was not predictive of therapeutic end point response or 
adverse safety outcome. Instances of hypoglycemia were 
mild and not dose related.36 In a 30-week study compar-
ing exenatide LAR once weekly with exenatide BID, 
patients given exenatide LAR once weekly had signifi -
cantly greater HbA1c reductions than did patients given 
exenatide BID (�1.9% vs �1.5%; P = .0023). Treatment 
adherence was 98% with both exenatide regimens, and 
no episodes of major hypoglycemia occurred with either 
formulation regardless of background sulfonylurea use. 
Favorable effects on BP and lipid profi le were observed 
with both exenatide regimens.46

DPP-4 inhibitors
The DPP-4 inhibitors (commonly called gliptins) inhibit 
the proteolytic cleavage of circulating GLP-1 by binding 
to the DPP-4 enzyme, increasing the concentration of 
endogenous GLP-1 approximately two- to threefold.49–51 
These concentrations result in more prompt and appro-
priate secretion of insulin and suppression of glucagon 
in response to a carbohydrate-containing snack or meal, 
with the change in glucagon correlating linearly with 
improved glucose tolerance.51

DPP-4 inhibitors, which are given orally, include sita-
gliptin and saxagliptin (approved in the United States) 
and vildagliptin (not approved in the United States but 
used in the European Union and Latin America).8,22,33,52 
Sitagliptin can be used either as monotherapy or in 
combination with metformin or a TZD.8,49–55 Recently, 
a single-tablet formulation of sitagliptin plus metformin 
was granted regulatory approval.8

When used alone or in combination with metformin 
or pioglitazone, sitagliptin has been associated with 
signifi cant reductions in HbA1c (of ~0.5% to 0.6% 
when used alone, ~0.7% with metformin, and ~0.9% 
with pioglitazone [P < .001 vs placebo]), with hypogly-
cemia occurring in 1.3% or less of the population.54 In 
an 18-week study in which patients with T2DM who 
were inadequately controlled with metformin mono-
therapy were randomized to receive add-on sitagliptin 
(100 mg QD), rosiglitazone (8 mg QD), or placebo, sita-
gliptin reduced HbA1c �0.73% (P < .001 vs placebo) 
and reduced body weight �0.4 kg, while rosiglitazone 
reduced HbA1c �0.79% and increased body weight 
+1.5 kg.55

To evaluate the effectiveness of sitagliptin and met-
formin as initial therapy, a 54-week study was completed 
in 885 patients with T2DM and inadequate glycemic 
control (HbA1c 7.5–11%) on diet and exercise.56 
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Patients were evaluated on monotherapy with either 
sitagliptin (100 mg QD) or metformin (1 g or 2 g QD), 
or on initial therapy with the two in combination (sita-
gliptin 100 mg + metformin 1 mg or 2 mg QD). At week 
54, in the all-patients-treated analysis, mean changes in 
HbA1c from baseline were �1.8% with sitagliptin plus 
metformin 2 g QD, �1.4% with sitagliptin plus met-
formin 1 g QD, �1.3% with metformin 2 g QD mono-
therapy, �1.0% with metformin 1 g QD monotherapy, 
and �0.8% with sitagliptin 100 mg QD monotherapy.

All treatments improved measures of beta-cell func-
tion (eg, homeostasis model assessment [HOMA]-beta, 
proinsulin/insulin ratio). Mean body weight decreased 
from baseline in the combination and metformin mono-
therapy groups and was unchanged from baseline in the 
sitagliptin monotherapy group. The incidence of hypo-
glycemia was low (1%–3%) across treatment groups. The 
incidence of gastrointestinal adverse experiences was 
evaluated with the coadministration of sitagliptin and 
metformin and appeared similar to that observed with 
use of metformin as monotherapy.56 Thus, this study sug-
gested that an initial combination of a DPP-IV inhibitor 
with metformin can improve glycemic control and mark-
ers of beta-cell function in patients with T2DM. 

Incretin-based therapies compared
Studies in both healthy individuals and in patients 
with T2DM have shown that oral DPP-4 inhibitors 
such as sitagliptin increase endogenous GLP-1 concen-
trations by about twofold compared with placebo.22,50 
The pharma cologic concentration of subcutane-
ously administered exenatide available for activating 
the GLP-1 receptor is signifi cantly greater than the 
increased endogenous GLP-1 concentrations achieved 
with sitagliptin. In a recent clinical study comparing 
exenatide and sitagliptin in patients with T2DM, the 
mean 2-hour plasma concentration for exenatide was 
64 pM compared with the mean 2-hour postprandial 
GLP-1 concentration of 15 pM for sitagliptin (baseline 
GLP-1 concentration was 7.2 pM).57 While both agents 
were shown to be effective, exenatide appeared to have 
had a greater effect than sitagliptin in increasing insulin 
secretion and reducing postprandial glucagon secretion, 
leading to signifi cantly (P < 0.0001) greater reductions 
in PPG.57

Sitagliptin has been minimally associated with nau-
sea, whereas patients who take exenatide need to be 
informed of the risk of usually mild to moderate, but 
sometimes severe, nausea and vomiting that tends to 
decrease over time. 

For a detailed comparison of the effects of GLP-1 
receptor agonists and DPP-4 inhibitors on HbA1c, 
weight, and hypoglycemia, see “Advances in therapy 
for type 2 diabetes: GLP–1 receptor agonists and DPP–4 
inhibitors,” page S28.

CONCLUSION 

Despite advances in diagnosis and treatment, T2DM, 
overweight/obesity, CVD, and their complications 
remain major public health burdens worldwide. The 
concepts that explain the pathophysiology of T2DM 
include the contribution of various factors beyond insu-
lin secretion and insulin resistance, such as the role of 
incretin hormones in disease progression. A comprehen-
sive approach to managing patients with T2DM requires 
targeting the fundamental defects of the disease and its 
comorbidities. Newer agents, including incretin-based 
therapies such as GLP-1 receptor agonists and DPP-4 
inhibitors, address the fundamental defects of T2DM. 
The defi nition of treatment success in the management 
of T2DM will be redefi ned as more data become avail-
able on agents that exert benefi cial effects not only on 
glycemia but on parameters that may infl uence overall 
CV health, such as weight, BP, and lipid profi les.
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