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Introduction 
This section reviews the epidemiology, burden of disease, 

pathophysiology, and current standards for the screening and 
diagnosis of type 2 diabetes. In addition, the overall status of 
diabetes care in the United States is discussed, illustrating 
the need for diabetes care to continually be a subject of con
cern and scrutiny for healthcare providers and payers. 

Epidemiology of Type 2 Diabetes
Diabetes is an increasing problem around the world. 

In the United States, data from the centers for Disease 
control and Prevention (cDc) and the National health 
and Nutrition Examination Survey (NhaNES) show that 
the overall prevalence of diagnosed diabetes among adults 
increased from approximately 5% in 1990 to nearly 8% in 
2006.1 In addition, by 2006, 5% of adults had undiagnosed 
diabetes and 29.5% had prediabetes, yielding a total of more 
than 40% of US adults (>20 years of age) with a hyper
glycemic condition.2 Thus, even with the current interest 
in diabetes care, 40% of the diabetic population remains 
undiagnosed.2 These data suggest that screening for diabetes 
has been inadequate. Early screening can enable important 
early intervention, even at the prediabetes stage.

Large population studies reveal that diabetes prevalence 
increases with advancing age (Figure 1).3 In contrast, in 
clinical practice, the incidence of a new diagnosis of diabe
tes is highest in middle age, with slightly more than 50% of 
new cases diagnosed among people age 40 to 59.4 although 
most cases of type 2 diabetes are diagnosed in adults, the 
prevalence of childhood type 2 diabetes is on the rise, with 
an estimated 3700 children and adolescents newly diagnosed 
with the disease each year.4 National survey data indicate 
that prevalence varies by ethnicity, with diagnosed diabe
tes in 6.6% of nonhispanic white adults, 7.5% of asian 

americans, 10.4% of hispanics, and 11.8% of nonhispanic 
blacks.4 according to the Indian health Service, 16.5% of 
american Indian/alaskan Native adults also have diagnosed 
diabetes.4 

Obesity, especially abdominal obesity, is an important 
causal factor in type 2 diabetes (see section on Natural 
history and Pathophysiology). cDc data demonstrate that 
geographic trends in diabetes prevalence correlate closely 
with those of obesity across US states and regions.5 as 
obesity has increased greatly from 1994 to 2007, type 2 
diabetes has also increased.5 In 1994, no state exceeded an 
obesity prevalence of 22%, but in 2008, 28 states exceeded 
that level. In 1994, nearly all states had diagnosed diabetes 
prevalence less than 6%, but in 2008, 47 states exceeded 
that prevalence.5 

The Burden of Diabetes
Morbidity and Mortality
In 2006, diabetes was the seventh leading cause of death 

on US death certificates.4 however, it is well known that 
diabetes is underreported as an underlying cause of death, 
and persons with diabetes have approximately twice the 
risk of death at any age compared with persons without the 
disease.4 mortality in diabetes relates to glucose control. 
The United Kingdom Prospective Diabetes Study (UKPDS) 
showed that for every 1% rise in a1c, allcause and diabe
tesrelated mortality increase 14% and 21%, respectively.6 
Even within the prediabetic range, elevated glucose levels—
especially 2hour postprandial glucose—are associated with 
higher mortality.7 

morbidity and mortality are directly related to the chronic 
complications of diabetes, which include both macrovascu
lar disease (coronary, cerebrovascular, and peripheral arterial 
disease) and microvascular disease (retinopathy, neuropathy, 
nephropathy), as shown in Table 1.4 heart disease and 
stroke kill 65% of people with diabetes.8 The death rate from 
heart disease and the risk of stroke are 2 to 4 times higher in 
patients with diabetes than in those without diabetes.4 Up 
to 75% of adults with diabetes have hypertension,4 and the 
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combination of hypertension and diabetes doubles 
the risk of cardiovascular disease.9 furthermore, dia
betic dyslipidemia, associated with insulin resistance 
and characterized by high levels of triglycerides 
and small lowdensity lipoprotein (LDL)cholesterol 
particles and low levels of highdensity lipoprotein 
(hDL) cholesterol, contributes to atherosclerosis.9

The toll of microvascular disease on the health of 
patients with diabetes is staggering. Each year, more 
than 12,000 new cases of blindness result from dia
betic retinopathy, making this complication the leading 
cause of newonset blindness in persons 20 to 74 years of 
age.4 In more than 175,000 people with diabetes, neph
ropathy has resulted in endstage renal disease requiring 
kidney transplantation or chronic dialysis.4 Up to 70% 
of diabetes patients have mildtosevere neuropathy, 
with such symptoms as pain or impaired sensation in 
the hands or feet, carpal tunnel syndrome, impaired 
digestion, and/or erectile dysfunction.4 Especially when 
combined with peripheral artery disease, severe neurop
athy results in lowerextremity amputations, of which 
more than 70,000 are performed annually.4 Other 
medical problems encountered by persons with diabetes 
include severe periodontal disease, miscarriages, major 
birth defects, and poorer prognosis in other illnesses 
(eg, pneumonia, influenza).4 

Not surprisingly, patients with diabetic complica
tions often demonstrate seriously impaired quality of 
life (QOL).

 Quality of Life 
Evidence has not demonstrated severe QOL 

impairment with wellcontrolled diabetes. In general, 
studies using generic healthrelated QOL measures 
have found moderate reduction in QOL among 
patients with diabetes compared with nondiabetic 
controls.10

however, diabetes that is not effectively controlled can 
have a substantial negative impact on QOL. chronic dia
betic complications, especially macrovascular disease, are 
strongly and consistently associated with reduced QOL.10,11 
In type 2 diabetes, symptoms of hyperglycemia or hypo
glycemia have been associated with small but significant 
reductions in healthutility scores.12 Even relatively mild 
hyperglycemia or hypoglycemia can be associated with 
physical, mood, and cognitive symptoms.13 cognitive effi
ciency may decline by one third, with serious implications 
for driving and other hazardous tasks.13 

QOL in diabetes appears to be strongly influenced by 

psychosocial factors (eg, health beliefs, social support, cop
ing strategies, personality traits).11 for example, depression, a 
common comorbidity in patients with diabetes, can severely 
impact QOL.14 Depression may result in a negative feedback 
loop of poor selfmanagement and poor medical outcomes, 
leading to worsening depression and sense of failure.11 In 
contrast, an active coping style may result in a positive feed
back loop of good selfmanagement, improved functional 
status, and sense of wellbeing.11

Economic Burden
Diabetes imposes huge medical costs on individual 

patients, payers, and the US healthcare system, and costs 

n Figure 1. Prevalence of Diagnosed Diabetes Among Adults 
Aged 18 Years and Older, by Age Group: United States, 
January-June 20053
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n Table 1. Complications of Diabetes

Cardiovascular and cerebrovascular disease 

  2-4 times higher heart disease mortality and risk of stroke

Diabetic nephropathy

  Leading cause of end-stage renal disease (44% of new cases) 

Diabetic retinopathy

  Leading cause of new cases of blindness among adults  

  aged 20-74 years 

Diabetic neuropathy

  Present in 60%-70% of patients with diabetes

Amputations

  Cause of more than 60% of nontraumatic lower limb amputations

Source: Centers for Disease Control and Prevention. National diabetes fact 
sheet, 2007. http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2007.pdf.
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continue to increase. for the year 2007, the american 
Diabetes association (aDa) estimated direct medical 
expenditures attributable to diabetes at $116 billion (com
pared with $91.8 billion in 200215)—including $27 billion 
for diabetes care, $58 billion for chronic complications, and 
$31 billion for excess general medical costs.16 Indirect costs, 
which include those from disability, work loss, and premature 
mortality, were estimated at $58 billion, for total costs of 
$174 billion (from $132 billion in 200215).16 hospital inpa
tient care, diabetes medications and supplies, and physician 
office visits accounted for 50.2%, 12.1%, and 8.5%, respec
tively, of total costs.16

adjusting for inflation, the 2002 total cost of $132 billion 
would be equivalent to $153 billion in 2007 dollars.16 Thus, 
in terms of 2007 dollars, there was a $21billion increase in 
total diabetes costs between 2002 and 2007. This increase 
reflects several factors: increasing diabetes prevalence, medi
cal costs rising faster than general inflation, and improved 
data and cost estimation methods.16

The rising cost of diabetes care is not inevitable, nor is it 
irreversible. If the lifestyle trends that contribute to diabetes 
onset and exacerbation (eg, obesity, lack of physical activity, 
poor diet) could be reversed, the trend of increasing prevalence 
could be reversed with resulting cost savings. also, improved 
treatments and better glycemic control with a concomitant 
reduction in many diabetic complications can decrease costs 
significantly.17 Without doubt, however, the most effective 
strategy would require diagnosis and intervention early in the 
course of disease, before complications develop.

Natural History and Pathophysiology
Insulin Resistance and Beta-Cell Dysfunction
Type 2 diabetes results from the interaction of 2 defects: 

impaired insulin secretion (pancreatic betacell dysfunction) 
and impaired insulin sensitivity (insulin resistance).18,19 

Insulin has 3 main target tissues: liver, skeletal muscle, 
and fat. In the liver, insulin suppresses gluconeogenesis20 and 

promotes glucose storage as glycogen.18 In skeletal muscle, 
insulin promotes glucose uptake, oxidation, and storage as 
glycogen.18 In fat, insulin suppresses lipolysis. Insulin resis
tance in liver and skeletal muscle is quite common. The 
NhaNES survey suggested that approximately 40% of adults 
over the age of 60 show some degree of insulin resistance.2 
The majority of these subjects maintain normal glucose levels 
because their beta cells compensate by increasing their insu
lin secretion. however, in subjects at greater risk of becoming 
diabetic (eg, those who are obese or have a family history of 
diabetes), pancreatic insulin secretion cannot keep pace with 
the insulin resistance over time and blood sugar begins to 
rise. Subtle elevations are seen at first, but eventually, frank 
diabetes occurs.

When the pancreas is no longer able to secrete enough insu
lin to compensate for insulin resistance, hyperglycemia devel
ops due to a combination of increased hepatic glucose output 
and decreased skeletal muscle glucose uptake and disposal.20 In 
addition, increased lipolysis releases free fatty acids (ffas) into 
circulation, which further increases hepatic glucose output and 
impairs skeletal muscle glucose disposal.19,20 furthermore, both 
hyperglycemia and excess circulating ffas may be toxic to 
beta cells (glucotoxicity and lipotoxicity), exacerbating beta
cell dysfunction and apoptosis (ie, cell death).18

The UKPDS demonstrated that by the time type 2 diabe
tes is diagnosed, approximately 50% of betacell function has 
already been lost. another 15% loss occurs over the first 6 
years after diagnosis.21 Backward extrapolation of that curve 
suggests that loss of betacell function begins as many as 10 
years before diabetes is diagnosed.19

The natural history of type 2 diabetes, and the relation
ship between insulin resistance and betacell dysfunction, is 
illustrated in Figure 2.22 

The Role of Obesity
Obesity, particularly abdominal obesity, is correlated with 

the insulin resistance that is characteristic of type 2 diabe
tes.20,23 Insulin resistance, in turn, may be the mechanism 
by which obesity leads to cardiovascular disease.9 adipose 
tissue, once believed to be merely a storage depot for fat, is 
now known to secrete multiple biologically active molecules 
(adipocytokines).20 In obesity, oversecretion of certain adi
pocytokines (such as tumor necrosis factor–alpha) that pro
mote insulin resistance, and undersecretion of others (such 
as adiponectin) that enhance insulin action, may occur.19 
however, the actions and contributions of various adipocy
tokines have not been fully elucidated. 

Excess intraabdominal (visceral) fat is particularly haz
ardous because it is less sensitive to insulin than subcutane

Don Balfour: Diabetes is very prevalent; our health 

plan population with diabetes is now over 14,000 

patients and growing at 6% a year, which is pretty 

frightening.

Don Balfour: It’s paramount for us to treat these 

patients to goal and treat them as tight to control as  

we can because the complications are so expensive.



Type 2 Diabetes: an Overview

VOL. 16, NO. 1 n ThE amErIcaN JOUrNaL Of maNagED carE n S7

ous fat—ie, its lipolysis is less easily 
suppressed by insulin.20 furthermore, 
lipolysis of visceral fat releases ffas 
directly into the portal circulation, 
resulting in a more pronounced 
increase in gluconeogenesis.20 Thus, 
abdominal obesity can contribute to 
the development of diabetes by pro
cesses involving both adipose tissues 
and the liver.

Genetics Versus Environment
Twin and familial studies suggest 

that individuals with type 2 diabetes 
have a genetic susceptibility to insu
lin resistance and/or betacell dys
function.18 monozygotic twins have 
approximately 70% concordance for 
type 2 diabetes, while other siblings 
have only about 35% concordance.24 
Offspring of one parent with diabetes 
have up to a 40% lifetime risk of type 2 diabetes; offspring 
of 2 parents with diabetes have an 80% lifetime risk.24

Because there is less than 100% concordance for monozy
gotic twins, environmental (eg, lifestyle) factors must also 
play a role. The role of lifestyle is supported by a longitudi
nal observational study of more than 42,500 healthy men, 
comparing the effects of 2 carefully defined dietary patterns 
labeled as “Western” (characterized by higher consumption 
of red meat, processed meats, french fries, highfat dairy 
products, refined grains, sweets, and desserts) versus “prudent” 
(characterized by higher consumption of vegetables, fruit, 
fish, poultry, and whole grains).25 higher Western dietary 
pattern scores (WDPS) were associated with an increased 
risk for diabetes.25 a combination of high WDPS plus low 
physical activity increased the risk still further.25 Diet also 
was shown to interact with family history.25 The presence of 
both environmental and genetic factors in the development 
of diabetes suggests that periodic evaluation of asymptomatic 
adults should include discussions about diet, physical activity 
habits, as well as family history of diabetes and other meta
bolic conditions. 

In addition to poor diet and physical inactivity, additional 
risk factors for diabetes include smoking, hypertension, and 
high blood cholesterol.26 

Current Standards for Screening and Diagnosis
as noted previously, type 2 diabetes is widely underdiag

nosed, and with the rise in obesity and sedentary lifestyles, 

timely screening is increasing in importance. Early interven
tion in prediabetes has been shown to reduce the incidence 
of overt diabetes.27 furthermore, early intensive management 
of diabetes can reduce hospitalizations and delay or minimize 
both microvascular and macrovascular complications.2831 Yet, 
5% of the adult population has undiagnosed, and therefore 
untreated, diabetes.2 clearly, attempts to reduce morbidity 
and mortality from diabetes and its complications must begin 
with largescale efforts to increase screening and diagnosis.

Screening
The aDa recommends that screening be considered in 

asymptomatic adults of any age who are overweight or obese 
(body mass index >25 kg/m2) and have 1 or more additional 
risk factors for type 2 diabetes.32 In asymptomatic adults with

Andrew Ahmann: Diabetes is such a pervasive dis-

ease with monumental ramifications and it affects such 

a large number of individuals. As an endocrinologist, 

I’m trying to find some balance between the need for 

a systematic and specialty care approach for diabetes 

because I see a real need for both, they need to be 

better coordinated. Likewise, there must be balance 

between the more costly and less costly therapies, 

depending on specific attributes of individual agents. 

For example, new therapies do provide some real 

options that I think are beneficial to individual patients.

n Figure 2. Natural History of Type 2 Diabetes
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out these risk factors, screening should begin at age 45. If the 
tests are normal, they should be repeated at 3year intervals (or 
more frequently if indicated). at present, a fasting plasma glu
cose (fPg) test, a 2hour oral glucose tolerance test (OgTT), 
or an a1c measurement can be used to screen for diabetes. 

for asymptomatic children who are overweight or obese 
and who have more than 2 additional risk factors for type 2 
diabetes, the aDa recommends screening (preferably with 
fPg) starting at age 10 or onset of puberty (whichever comes 
first) and repeated at 3year intervals. Screening is not rec
ommended for children without these risk factors.32

Diagnosis
Diagnosis of diabetes traditionally relied on fPg or a 

2hour OgTT. By aDa criteria, fPg >126 mg/dL or an 
OgTT 2hour value of >200 mg/dL indicates diabetes.33 The 
2010 clinical Practice recommendations, however, now 
include a1c level as a diagnostic criterion for diabetes.32 an 
a1c value of >6.5% has been established as the cut point. 
current aDa criteria for the diagnosis of diabetes and pre
diabetes are shown in Table 2. 

Diagnostic problems, especially in primary care, include the 
difficulty of incorporating OgTT into routine examinations 
and falsenegative results with fPg. It is possible that falseneg
ative fPgs could contribute to late diagnosis or underdiagnosis 
of diabetes in the United States. When fPg results are in the 
normal range for patients who are at risk for diabetes because of 
coexisting conditions (eg, obesity, older age, hypertension, dys

lipidemia), it is prudent not to 
rule out diabetes without fur
ther investigation. This inves
tigation might include an a1c 
measurement or OgTT.

The Role of A1C 
in Diagnosis
a1c has traditionally 

been used only for monitor
ing glycemia in people with 

diabetes, not for diagnosing the disease. however, in 2009, 
an International Expert committee—appointed by the 
aDa, European association for the Study of Diabetes, and 
International Diabetes federation—issued a consensus state
ment recommending use of a1c to diagnose diabetes.34

The committee cited several advantages of a1c over 
fPg or OgTT34:

•	A1C	is	now	better	standardized	than	glucose	measure
ment.

•	A1C	is	a	better	index	of	glycemic	exposure	and	risk	for	
chronic complications.

•	A1C	has	less	biologic	variability	and	more	preanalytic	
stability than glucose.

•	A1C	does	not	require	fasting	or	timed	samples.
•	A1C	is	relatively	unaffected	by	acute	changes	 in	glu

cose levels (eg, due to stress or illness).

Because retinopathy risk increases substantially between 
a1c levels of 6.0% and 7.0%, an a1c of 6.5% was recom
mended as the cut point for diagnosis of diabetes.34

The use of a1c to define prediabetes is problematic, 
because no a1c threshold has been identified below which 
there is no diabetes risk.34 The committee recommended that 
a1c >6.0% should prompt preventive measures (ie, lifestyle 
changes).34 more recently, the aDa established that an a1c 
level between 5.7% and 6.4% indicates prediabetes.32

It should be noted that a1c cannot be interpreted accu
rately in people with certain hemoglobinopathies (eg, sickle 
cell), or any condition that alters red cell turnover (eg, 
hemolytic anemia, blood loss or transfusion, pregnancy). In 
such cases, traditional diagnostic tests should be used.32

The Status of Diabetes Care:  
How Well Are We Doing?

NhaNES data from 19942004 were analyzed to deter
mine the proportion of people with diagnosed diabetes 
who had achieved the aDa goal of a1c <7%. Overall, 
goal achievement increased significantly—from 37.0% in 

n Table 2. American Diabetes Association Criteria for Diagnosis of Diabetes32

Glenda Owens: Diabetes is one of the hardest dis-

eases for me as a pharmacist of a health plan to man-

age. Diabetes management is directly linked to patient 

responsibility and it is very difficult to control behavior. 

Several of our plans are in southern states, where dia-

betes is very prevalent; Texas is an especially difficult 

area to manage due to multicultural issues.

Fasting Plasma Glucose 2-Hour OGTT A1C

Diabetes mellitusa >126 mg/dL  >200 mg/dL  >6.5%

Prediabetesb 100-125 mg/dL IFG  140-199 mg/dL IGT  5.7%-6.4%

Normal <100 mg/dL  <140 mg/dL  —c

IFG indicates impaired fasting glucose; IGT, impaired glucose tolerance; OGTT, oral glucose tolerance test. 
aAlternatively, diabetes can be diagnosed based on symptoms of hyperglycemia with a casual (random) 
plasma glucose >200 mg/dL. 
bIn patients with IFG, OGTT may be performed to better define diabetes risk.  
cThe ADA Clinical Practice Recommendation does not provide a definition. 
Source: American Diabetes Association. Diabetes Care. 2010;33(suppl 1):S11-S61.
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19992000 to 56.8% in 2003
2004. however, there were 
substantial disparities among 
ethnic groups, with african 
americans and mexican 
americans less often achiev
ing their goals compared 
with whites. furthermore, 
although goal achievement 
among those minority popu
lations improved between 
19992000 and 20012002, 
no improvement occurred 
between 20012002 and 
20032004 (Figure 3).35 

although the overall 
improvement is encourag
ing, more than 43% of US 
adults with diagnosed dia
betes were still not achiev
ing their a1c goals. from 
a population perspective, this cannot be considered adequate 
control of diabetes. The disparity between whites and ethnic 
minorities suggests that efforts targeting those minority popu
lations are especially needed. 

In addition to glycemic control, proper patientcentered 
treatment considers other factors. control of blood pressure 
in persons with diabetes can decrease the risks of microvascu
lar and macrovascular complications by at least 33%; control 
of LDL cholesterol can decrease cardiovascular complications 
by 20% to 50%.4 multiphasic treatment can be very successful 
in reducing complications, even if all the metabolic goals are 
not met.36,37 Nonetheless, more aggressive metabolic control 
can only lead to greater benefits.

Unfortunately, a study in primary care patients with 
diabetes revealed discouraging results for control of blood 
pressure, LDL levels, and a1c.34 Of the patients studied, only 
40.5% had reached a1c <7%, 35.3% had blood pressure 
<130/85 mm hg, and 43.7% had LDL <100 mg/dL. Only 7%, 
a distressingly low percentage, achieved all 3 goals.38 With 
the high risk of vascular complications and resulting mortal
ity, early and ongoing treatment of other major risk factors is 
essential for optimal care of persons who have diabetes. 

Diagnosis of type 2 diabetes in all who meet the crite
ria remains a challenge. a diagnosis of prediabetes should 
ensure that healthcare professionals will provide patient 
education about lifestyle changes and careful monitoring. a 
diagnosis of overt diabetes should ensure regular monitoring 
and prescription medications. The aDa recommends that 

all newly diagnosed patients with type 2 diabetes be started 
on metformin therapy along with lifestyle changes, selfcare 
training and followup, and increased attention to all other 
medical conditions and cardiovascular risk factors. Until all 
americans with glycemic abnormalities receive this level 
of attention and care, the prevalence of diabetes is likely to 
increase along with diabetic progression, complications, and 
related mortality. 

Conclusion
Type 2 diabetes is a highly prevalent and underdiag

nosed disease, and its prevalence is increasing both in the 
United States and worldwide. a major cause of morbidity 
and mortality, diabetes is also a very costly disease in terms 
of both economic costs and QOL. Despite the develop
ment of new treatment options, control of diabetes remains 
suboptimal. 
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Introduction 
Type 2 diabetes is a complex disease and is often difficult 

to treat despite a broad array of treatment options, including 
11 classes of medications. To this point, antihyperglycemic 
treatment concerns for patients with type 2 diabetes are dis-
cussed in this section. 

After a brief review of treatment goals, nonpharmaco-
logic and pharmacologic therapies are presented. This discus-
sion includes challenges associated with some conventional 
glucose-lowering agents as well as the potential benefits of 
incretin-based therapies.

Treatment Goals
The American diabetes Association (AdA) recommends 

an A1c goal of less than 7% for most nonpregnant adults with 
diabetes.1 however, AdA guidelines stress the importance of 
individualization of goals. for some patients, including those 
with a short duration of diabetes, long life expectancy, or no 
significant cardiovascular disease, even lower A1c goals may 
be reasonable if they can be achieved without significant 
hypoglycemia or other adverse effects. On the other hand, less 
stringent goals may be appropriate for patients with limited 
life expectancy, advanced microvascular or macrovascular 
complications, severe comorbidities, history of severe hypo-
glycemia, and/or long-standing diabetes in which the general 
goal is difficult to achieve even with optimal therapy.2

The American Association of clinical endocrinologists/
American college of endocrinology (AAce/Ace) guidelines 
and international diabetes federation guidelines recommend 
a lower general A1c goal of 6.5% or less, as long as it can be 
achieved without significant hypoglycemia or other adverse 
consequences.3,4 The AAce/Ace guidelines also stress the 
importance of individualization of goals, stating that the “goal 
must be customized for the individual patient, with consid-
eration of numerous factors such as comorbid conditions, 
duration of diabetes, history of hypoglycemia, hypoglycemia 
unawareness, patient education, motivation, adherence, age, 
limited life expectancy, and use of other medications.” 

The guidelines recommend similar blood pressure and 
lipid goals for people with diabetes. The AdA and AAce/

Ace glycemic and nonglycemic goals are summarized in 
Table 1. 

Treatment Options
Nonpharmacologic Therapy
Lifestyle Modification
Lifestyle modification is an essential component of a dia-

betes treatment plan. The AdA and AAce/Ace guidelines 
stress the importance of a healthy diet, weight reduction, 
exercise, and smoking cessation.2,3 Specific dietary recom-
mendations from the AdA include limiting saturated fat to 
no more than 7% of total calories, reducing intake of trans 
fats, and monitoring carbohydrate intake.2 The AdA also 
recommends at least 150 minutes/week of moderate-intensity 
aerobic physical activity (50%-70% of maximum heart rate). 
Patients with type 2 diabetes are also encouraged to perform 
resistance training 3 times per week. 

Lifestyle modifications can certainly improve glycemic 
control in patients with type 2 diabetes, with few adverse 
effects and low cost.5 in Look AheAd (Action for health 
in diabetes), 5145 overweight or obese patients with type 2 
diabetes were randomly assigned to either intensive lifestyle 
modification (iLm) or standard diabetes education/support. 
At 1 year, the iLm group had significant weight loss, as well 
as significant improvements in fasting glucose and A1c, 
compared with the usual-care group (Table 2).6 At 4 years, 
nearly 50% of patients in the iLm group maintained a weight 
loss of at least 5% of their initial weight.7 

even patients receiving insulin lost an average of 7.6% of 
body weight with iLm. intervention and follow-up studies 
are ongoing to determine how long these benefits are sus-
tained and whether they result in improved cardiovascular 
outcomes. 

 Diabetes Education

diabetes education is a crucial component of care for all 
persons with diabetes. National standards for diabetes self-
management education have been published.8 The National 
diabetes education Program, a partnership of the National 
institutes of health and centers for disease control and 
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Prevention, and more than 200 partner organizations, 
including the AdA, AAce, and the American Association 
of diabetes educators, offers resources to assist patients and 
their healthcare professionals with diabetes education and 
lifestyle adherence.9

Pharmacologic Therapy
Because of the natural progression of type 2 diabetes, 

lifestyle changes have generally had limited long-term suc-
cess in maintaining glycemic goals. most patients with type 
2 diabetes eventually require addition of medication.4 The 
AdA now recommends initiation of metformin in conjunc-
tion with lifestyle modification once type 2 diabetes is diag-
nosed. currently, at least 11 classes of antihyperglycemic 
agents are available, each with advantages and disadvan-
tages, as summarized in Table 3.5,10,11

All of these glucose-lowering therapies are efficacious, 
but several have recognized limitations, which are discussed 
below. 

Inadequate Control of Postprandial Hyperglycemia
in patients with relatively poor glycemic control (ie, 

higher A1cs), fasting glucose is the predominant contributor 
to overall glycemia. As A1c decreases, the contribution of 
postprandial hyperglycemia increases, becoming predominant 

at A1cs of less than 8.4%.12 most therapies are better at 
lowering fasting glucose levels than controlling postprandial 
excursions, which may explain why many patients have dif-
ficulty achieving A1c goals.

Failure to Maintain Long-Term Glycemic Control
even when A1c goals are achieved, most therapies 

fail to maintain long-term control. Sulfonylureas (Sus) 
and glinides stimulate beta-cell secretion of insulin, while 
metformin and thiazolidinediones (TZds) increase insulin 
sensitivity. These agents are initially effective; however, 
once beta-cell failure reaches a critical threshold, exogenous 
insulin will be required. 

A diabetes Outcome Progression Trial (AdOPT) was 
designed to compare the durability of glycemic control over 
5 years with 3 different antihyperglycemic agents. in this 
double-blind trial, 4360 patients with recently diagnosed type 
2 diabetes were randomly assigned to initial monotherapy 
with either metformin, the TZd rosiglitazone, or the Su gly-
buride (also called glibenclamide). The primary measure was 
time to monotherapy failure.13 during the first 6 months, all 
3 agents lowered mean A1c to less than 7%, with Sus hav-
ing the greatest effect. however, after 6 months, A1c rose 
in all 3 groups. The annual rate of increase was highest with 
Sus and lowest with rosiglitazone. Although durability was 

significantly greater with 
rosiglitazone than with 
metformin or Sus, none 
of the 3 monotherapies 
maintained mean A1c 
less than 7%. 

Hypoglycemia
hypoglycemia can 

have a significant impact  

n Table 1. Treatment Goals in Type 2 Diabetes: AACE/ACE 2007 and ADA 20102,3

n Table 2. Look AHEAD One-Year Results6

Target Treatment Goals                   AACE/ACE 2007                       ADA 2010

A1C <6.5% <7.0%

Blood pressure <130/80 mm Hg <130/80 mm Hg

Cholesterol (lipids) LDL-C <100 mg/dL 
  (<70 mg/dL for patients with diabetes  
  and coronary artery disease)

LDL-C <100 mg/dL (with overt CVD,  
  LDL-C goal of <70 mg/dL is an option)

HDL-C >40 mg/dL in men,  
  >50 mg/dL in women

HDL-C >40 mg/dL in men,  
  >50 mg/dL in women

TG <150 mg/dL TG <150 mg/dL

AACE/ACE indicates American Association of Clinical Endocrinologists/American College of Endocrinology; ADA, American Diabetes Association; 
CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides.

Intensive Lifestyle  
Intervention

 Diabetes Support  
and Education

 
P

Change in weight, kg (%) -8.6 ± 6.9 -0.7 ± 4.8 <.001

Change in fasting glucose, mg/dL -21.5 ± 0.9 -7.2 ± 0.9 <.001

Change in A1C, % -0.64 ± 0.02 -0.14 ± 0.02 <.001

Look AHEAD indicates Action for Health in Diabetes. 
All data are expressed as mean ± SD.
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on quality of life, treatment adherence, and treatment success. 
in a european study, questionnaires were used to examine 
hypoglycemic symptoms, treatment adherence, and satisfac-
tion in 1709 patients with type 2 diabetes who added either 
an Su or a TZd to metformin.14 Patients who reported hypo-
glycemia had significantly lower satisfaction scores and were 
significantly more likely to report adherence barriers than 
those with no hypoglycemic symptoms. furthermore, hypo-
glycemia severity was significantly associated with failure to 
achieve the A1c goal.

Oral medications differ in their risk for hypoglycemia. 
in AdOPT, self-reported hypoglycemia occurred in 9.8%, 
11.6%, and 38.7% of patients taking rosiglitazone, met-
formin, and glyburide, respectively (P <.01 for the com-
parison between glyburide and rosiglitazone).13 it should be 
noted, however, that patients self-reported hypoglycemia 
at the follow-up visit and blood sugar levels were not 
necessarily confirmed by glucose testing. Although serious 
hypoglycemia (usually defined as hypoglycemia requiring 
third-party assistance or clinical intervention) was uncom-

mon with these agents, it was more frequent with glyburide 
(occurring in 0.6% of patients) than with the other 2 
agents (0.1% for both). 

fear of hypoglycemia is also often cited as a barrier to 
initiating insulin therapy.15 use of insulin analogs rather than 
human insulin preparations may reduce the risk of symptom-
atic, nocturnal, and overall hypoglycemia.5,16

Weight Gain
Weight is a concern for most patients with type 2 dia-

betes, and weight gain has been associated with the use of 
insulin, insulin secretagogues, and TZds.5 (TZd-associated 
weight gain, however, is probably due to a combination of 
fluid retention and increased adiposity.17) use of metformin, 
alpha-glucosidase inhibitors, bile acid sequestrants, pram-
lintide, quick-release bromocriptine mesylate, and incretin-
related therapies has not been associated with an increased 
risk of weight gain.5,10,11

in a substudy of the united Kingdom Prospec tive diabetes  
Study (uKPdS), overweight patients receiving intensive  

n Table 3. Summary of Available Glucose-Lowering Interventions5,10,11

 
Intervention

 
Advantages

 
Challenges

Lifestyle modification to decrease 
weight and increase activity

Broad benefits Insufficient for most within first year

Metformin Weight neutral GI side effects, contraindicated with renal insufficiency

Insulin No dose limit, rapidly  
effective, improved lipid 
profile

1-4 injections daily, monitoring, weight gain, hypoglycemia, 
analogs are expensive

Sulfonylurea Rapidly effective Weight gain, hypoglycemia (especially with glibenclamide  
or chlorpropamide) 

TZDs Improved lipid profile  
(pioglitazone), potential  
decrease in MI 
(pioglitazone) 

Fluid retention, CHF, weight gain, bone fractures, expen-
sive, question of increased MI risk (rosiglitazone) 

GLP-1 receptor agonists  
(exenatide, liraglutide) 

Weight loss and low 
risk of hypoglycemia

Administration (injections), frequent GI side effects, long-
term safety not established, expensive 

Alpha-glucosidase inhibitor Weight neutral Frequent GI side effects, 3-times-daily dosing, expensive 

Glinide Rapidly effective Weight gain, 3-times-daily dosing, hypoglycemia, expensive 

Pramlintide Weight loss 3 injections daily, frequent GI side effects, long-term safety 
not established, expensive 

DPP-4 inhibitors Weight neutral and low 
risk of hypoglycemia

Long-term safety not established, expensive 

Bile acid sequestrant10 Lowers LDL cholesterol Can increase triglycerides; can cause constipation 

Quick-release bromocriptine  
mesylate11

Weight neutral; low risk of 
hypoglycemia

Initial nausea

CHF indicates congestive heart failure; DPP-4, dipeptidyl peptidase-4; GI, gastrointestinal; GLP-1, glucagon-like peptide-1; LDL, low-density lipopro-
tein; MI, myocardial infarction; TZDs, thiazolidinediones.
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n Figure 1. Weight Gain With Different Therapies as Observed in UKPDS and ADOPT13,18

Several therapies result in weight gain over time

ADOPT indicates A Diabetes Outcome Progression Trial; FPG, fasting plasma glucose; UKPDS, United Kingdom 
Prospective Diabetes Study. 
Reprinted with permission from Kahn SE, et al. N Engl J Med. 2006;355:2427-2443. UKPDS 34. Lancet. 
1998;352:854-865.
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metformin therapy were compared with those receiving con-
ventional (primarily diet) therapy; these groups were also 
compared with overweight patients receiving intensive 
Su or insulin therapy.18 Of the drug therapies, metformin 
was associated with the least weight gain, similar to that 
seen with conventional therapy. Su therapy resulted in 
a mean weight gain of approximately 4 kg, which leveled 
off after several years. mean weight gain with insulin was 
approximately 8 kg over 12 years and did not appear to reach 
a plateau.

in AdOPT, comparison of 3 oral monotherapies over 5 
years demonstrated the greatest weight gain with rosiglita-
zone—a mean change from baseline of 4.8 kg. With gly-
buride, weight gain of 1.6 kg occurred during the first year 
but then stabilized. metformin was associated with a mean 
weight loss of 2.9 kg.13 Figure 1 shows weight gain with dif-
ferent therapies as observed in uKPdS and AdOPT. 

 Incretin-Based Therapies
Incretin Physiology
glucose evokes a much greater insulin response when 

ingested orally than when it is administered intravenously. 

This enhanced insulin secretion results from peptide hor-
mones called incretins, which are secreted by the gut in 
response to ingestion of glucose and other nutrients.19-21 in 
humans, the major incretins are glucagon-like peptide-1 
(gLP-1) and glucose-dependent insulinotropic polypeptide 
(giP).19,21

incretin activity is mediated by receptors. gLP-1 recep-
tors are expressed in numerous tissues, including pancreatic 
islet cells (both alpha and beta), the stomach, and multiple 
regions of the central nervous system (cNS). in contrast, 
giP receptors are less widely expressed,19-21 primarily on 
beta cells.21 incretins are rapidly inactivated by the enzyme 
dipeptidyl peptidase-4 (dPP-4) and have short half-lives: 
approximately 5 to 7 minutes for giP, and about 2 minutes 
or less for gLP-1.21,22

While giP acts primarily on beta cells, gLP-1 lowers 
postprandial glucose levels via actions on multiple target 
tissues:

•	Pancreatic beta cells. Both giP and gLP-1 stimu-
late beta-cell insulin secretion in a glucose-dependent 
manner (ie, only when glucose levels are elevat-
ed).19,20 As insulin levels rise and plasma glucose lev-

n Figure 2. Glucose-Dependent Effects of GLP-1 in Type 2 Diabetes25
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els decrease, the incretin effect diminishes. Thus, 
incretins suppress postprandial hyperglycemia without 
causing hypoglycemia.21 gLP-1 also helps maintain 
insulin stores by promoting glucose-induced insulin 
gene transcription.20,21 furthermore, data in animal 
studies suggest that both giP and gLP-1 promote 
beta-cell proliferation and inhibit apoptosis, thus help-
ing to maintain or expand beta-cell mass.19-22

•	Pancreatic alPha cells. gLP-1 (but not giP) inhibits 
the release of glucagon from alpha cells, resulting in 
reduced hepatic glucose output.19,20,22 Again, this occurs 
in a glucose-dependent manner; as glucose levels fall 
into the normoglycemic range, the inhibition subsides. 
Thus, the glucagon response to hypoglycemia is not 
impaired.19,21

•	stomach. gLP-1 slows gastric emptying, probably 
via effects on the vagus nerve. This results in slower 
glucose absorption, moderating the postprandial rise 
in glucose levels.19-22 delayed gastric emptying may 
also cause a feeling of fullness or satiety, resulting in 
decreased calorie intake.21

•	cns. gLP-1 is also believed to reduce appetite and 
calorie intake via direct actions in the cNS, particu-
larly the hypothalamus.19-22

in type 2 diabetes, the incretin effect is impaired. Beta-
cell response to giP is greatly reduced, despite normal or 
even elevated giP secretion.21,22 in contrast, the beta-cell 
response to gLP-1 is better preserved.22 Some reports 
have suggested that gLP-1 is undersecreted,21,22 while oth-
ers have found normal gLP-1 secretion in patients with 
type 2 diabetes.21 Because gLP-1 response is preserved to 
some extent, the concept of gLP-1–related agents for type 
2 diabetes treatment has been of interest. furthermore, 
gLP-1–related therapies should be associated with (1) a 
low risk for hypoglycemia; (2) reduction in appetite and 
calorie intake which may lead to weight loss; (3) reduced 
postprandial hyperglycemia; and (4) if effects seen in ani-
mal studies occur in humans, gLP-1–related therapies may 
even slow or prevent disease progression (this has also been 
observed with TZds23). for example, gLP-1 receptor ago-
nists improve beta-cell function by restoring the first-phase 
insulin response.24  

The glucose-dependent effect of gLP-1 was demon-
strated in a study involving 10 patients with poor glycemic 
control on diet and oral therapy. each patient received (on 
different days, in random order) an intravenous (iV) infu-
sion of gLP-1 or placebo, while in a fasting state.25 After 
gLP-1 infusion, insulin increased and glucagon decreased 
significantly compared with basal levels; plasma glucose lev-
els decreased to normal fasting range. These effects did not 
occur after placebo infusion (Figure 2).25

The white boxes in the figure highlight the glucose-
dependent nature of gLP-1 effects. As glucose levels decrease 
into the normal range, the incretin effects on insulin and 
glucagon begin to decline.

Because of its rapid degradation by dPP-4, in order to use 
gLP-1 therapeutically, it would have to be given as an iV 
or subcutaneous infusion, which is impractical for long-term 
therapy. Strategies for overcoming this problem include the 
use of either dPP-4 inhibitors or gLP-1 receptor agonists 
resistant to dPP-4.21,22,26 These include exendin-based thera-
pies (eg, exenatide) and gLP-1 analogs (eg, liraglutide).  

DPP-4 Inhibitors
Two oral dPP-4 inhibitors, sitagliptin and saxagliptin, 

are currently available in the united States. A third dPP-4 
inhibitor, vildagliptin, has been approved in europe.27

sitagliPtin. The first dPP-4 inhibitor to be approved by 
the uS food and drug Administration (fdA), sitagliptin 
is indicated as an adjunct to diet and exercise in adults 
with type 2 diabetes.28 it can be used either as monotherapy 
or in combination with other oral agents. it has not been 
approved for use in combination with insulin. The usual rec-
ommended dose is 100 mg/day, taken with or without food; 
however, dosage reductions are recommended for patients 
with moderate renal insufficiency (50 mg/day) and those 
with severe renal insufficiency or end-stage renal disease 
(eSrd) requiring hemodialysis or peritoneal dialysis (25 
mg/day).28

The efficacy of sitagliptin as monotherapy, and as add-on 
therapy with other oral agents (metformin, Su, or TZd), 
was demonstrated in a series of randomized, double-blind, 
placebo-controlled, 24-week trials. Sitagliptin (100 mg/day) 
significantly improved glycemic control (P <.001), with 
placebo-subtracted A1c reductions ranging from 0.65% 
to 0.79%.29-32 fasting plasma glucose (fPg) and 2-hour 
postprandial glucose (PPg) values were also significantly 
reduced. The homeostasis model assessment of beta-cell 
function (hOmA-β) was improved,30-32 but  results were not 
significantly different in the TZd add-on study.29

Weight changes with sitagliptin were comparable to 
placebo,29,31,32 except in the Su add-on study. Addition of 
sitagliptin to an Su resulted in a 1.1-kg mean weight gain 
compared with Su + placebo.30 hypoglycemia incidence 
also was similar to that with placebo29,31,32 again, except 
in the Su add-on study, where hypoglycemia increased 
when sitagliptin was added to an Su (especially Su plus 
metformin).30 When sitagliptin is combined with an Su, a 
lower Su dose may be needed to reduce the risk of hypo-
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glycemia.28 Another 24-week, randomized, double-blind, 
placebo-controlled trial examined initial therapy with either 
sitagliptin (100 mg/day), metformin (500 or 1000 mg twice 
daily), or both. metformin monotherapy reduced A1c more 
than sitagliptin monotherapy, but the difference was not 
statistically significant. combination therapy (especially at 
the higher metformin dose) was significantly more effective 
than either agent alone.33

saxagliPtin. Saxagliptin was approved by the fdA in 
July 2009 as an adjunct to diet and exercise in adults with 
type 2 diabetes. it can be used either as monotherapy, or in 
combination with other oral agents.34 The recommended 
dose is 2.5 or 5 mg/day, taken regardless of meals. in patients 
with moderate or severe renal insufficiency or eSrd, the 
dose should be limited to 2.5 mg/day.34

The efficacy of saxagliptin was established in a series of 
24-week, placebo-controlled, double-blind studies, including 
2 monotherapy trials and 3 add-on trials (1 with metformin, 
1 with TZd, and 1 with Sus).34 in all of these trials, saxaglip-
tin (2.5 or 5 mg/day) significantly improved A1c, fPg, and 
PPg compared with placebo. Two of the trials also evaluated 
doses of 10 mg/day; however, 10 mg was no more effective 
than 5 mg.34

in another randomized, double-blind, placebo-controlled 
trial, drug-naïve patients were randomized to either saxaglip-
tin (10 mg/day), metformin, or metformin + saxagliptin (5 
or 10 mg/day). The initial metformin dose was 500 mg/day, 
and was titrated to a maximum of 2000 mg/day.34,35 initial 
combination therapy significantly improved A1c, fPg, and 
PPg compared with either drug alone. 

safety and tolerability of dPP-4 inhibitors. A number 
of concerns have been raised about the potential for adverse 
events with dPP-4 inhibitors:

•	There	were	88	postmarketing	cases	of	acute	pancrea-
titis reported in patients taking sitagliptin between 
October 2006 and february 2009.36 As with all 
adverse-event postmarketing reports, however, it is 
not possible to determine causality. furthermore, 
patients with type 2 diabetes are at increased risk of 
developing pancreatitis. data through June 2008 from 
a retrospective review of a large claims-based surveil-
lance system showed no increase in the incidence of 
pancreatitis with sitagliptin compared with metformin 
or Su.37

•	DPP-4	is	expressed	on	T-cells.	Its	role	in	T-cell	func-
tion is unclear; there has been concern that inhibition 
of the enzyme could alter immune function, resulting 
in an increased risk for infections.38

•	There	have	been	postmarketing	reports	of	serious	hyper-
sensitivity reactions with sitagliptin, including anaphy-
laxis, angioedema, and Stevens-Johnson syndrome.8 
With saxagliptin, hypersensitivity reactions such as 
urticaria and facial edema were reported in 1.5% of 
patients in the clinical trials; none of these events were 
life-threatening or required hospitalization.34

No long-term dPP-4 inhibitor safety data are avail-
able yet; however, a safety analysis of sitagliptin involving 
6139 patients (3415 exposed to sitagliptin vs 2724 receiv-
ing placebo or an active comparator) has been performed 
using pooled data from 12 double-blind phase 2B and phase 
3 studies lasting up to 2 years.38 The analysis found that 
overall drug-related adverse events, and discontinuations 
due to drug-related adverse events, were more frequent in 
those not receiving sitagliptin—primarily due to higher 
hypoglycemia rates in Su-treated patients. Among adverse 
events reported in more than 5% of either group, only 
nasopharyngitis occurred more frequently with sitagliptin, 
and that difference was not statistically significant. Overall 
incidence rates of gastrointestinal disorders, immune system 
disorders, and infections did not differ significantly between 
the 2 groups. Angioedema incidence among patients taking 
angiotensin-converting enzyme inhibitors was the same in 
both groups; angioedema in the absence of angiotensin-
converting enzyme inhibitors was slightly lower in the 
sitagliptin group.

GLP-1 Receptor Agonists
The gLP-1 receptor agonist, exenatide, has been avail-

able in the united States since 2005. A second agent, the 
human gLP-1 analog liraglutide, was approved in europe 
in 2009 and in January 2009 received fdA approval in 
the united States. Several other gLP-1 receptor ago-
nists, including taspoglutide, albiglutide, and lixisenatide 
(AVe0010), are in phase 3 trials.

exenatide. exenatide is a synthetic version of a gLP-1 
receptor agonist, exedin-4.39 it is indicated as monotherapy 
along with diet and exercise to improve glycemic control 
in adults with type 2 diabetes40 and as adjunctive therapy in 
patients with type 2 diabetes who have not achieved glyce-
mic goals on oral therapy (metformin, Sus, TZd, metformin 
+ Su, or metformin + TZd).39 exenatide is administered by 
twice-daily subcutaneous injection, within an hour before 
the 2 main meals of the day (but not less than 6 hours 
apart). The recommended starting dose is 5 mcg twice daily; 
depending on response, after 1 month this can be increased 
to 10 mcg twice daily.39 exenatide is eliminated by glomerular 
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filtration and should not be used in patients with severe renal 
impairment (creatinine clearance <30 mL/min) or eSrd.39 
in patients with moderate renal impairment (creatinine 
clearance 30-50 mL/min), caution should be applied when 
initiating or escalating doses of exenatide. exenatide has not 
been found to be directly nephrotoxic in preclinical or clini-
cal studies.

exenatide (5 or 10 mcg twice daily) as an add-on to 
metformin and/or Su was studied in 3 randomized, placebo-
controlled, 30-week trials. exenatide at both dose levels 
was associated with significant reductions in A1c41-43 and 
PPg values.41,43 in all 3 trials, exenatide 10 mcg significantly 
reduced fPg values, as did the 5-mcg dose in 2 of the 3 tri-
als.41-43 Both fPg decreases and sustained PPg reductions 
contributed to the A1c improvement.41

exenatide (10 mcg twice daily) as an add-on to TZd 
+ metformin was studied in a randomized, placebo-con-
trolled, 16-week trial. compared with placebo, exenatide 
significantly improved A1c, fPg, self-monitored PPg, and 
hOmA-β.44

in the trials of exenatide with metformin and/or TZd, 
hypoglycemia incidence was similar across treatment arms.41,44 
in the trials with an Su, exenatide was associated with a dose-
related increase in hypoglycemia incidence. most of these 
events were mild to moderate.42,43 When adding exenatide to 
an Su, an initial Su dose reduction, with subsequent titra-
tion as needed, may lower hypoglycemia risk.39,43

in all 4 trials, the 10-mcg exenatide dose resulted in sig-
nificant, progressive weight loss compared with placebo41-44; 
the 5-mcg dose also resulted in significant, progressive weight 
loss in the trials with metformin or metformin + Su.42,43 in 
the trial with an Su alone, the weight loss was not statisti-
cally significant.42

in the placebo-controlled trials, the most common 
adverse event was nausea. incidences ranged from approxi-
mately 40% to 51% with the 10-mcg dose, and 36% to 39% 
with the 5-mcg dose, compared with 7% to 23% in the 
placebo groups.41-44 Nausea was generally mild or moderate, 
and was most frequent during the initial 8 weeks of treat-
ment. discontinuation rates due to nausea or vomiting were 
generally low—approximately 2% in the 5-mcg groups and 
4% in the 10-mcg groups, compared with less than 1% with 
placebo42,43;  however, in 1 trial, 14% of patients receiving 
the exenatide 10-mcg dose discontinued because of nausea 
or vomiting.44 gradual dose escalation may reduce the inci-
dence of dose-limiting nausea.45

As of October 2008, the fdA received 36 postmarketing 
reports of acute pancreatitis—including 6 cases of hemor-
rhagic or necrotizing pancreatitis (2 fatal)—in patients tak-

ing exenatide.46 Type 2 diabetes itself may be a risk factor 
for pancreatitis,47 and most of these patients had at least 1 
other risk factor. however, in some cases there was a tem-
poral association with exenatide use.46 data through June 
2008 from a retrospective review of a large claims-based 
surveillance system showed no increase in the incidence 
of pancreatitis with exenatide compared with metformin 
or Su.37 The exenatide product label includes acute 
pancreatitis in the Warning and Precautions section.39 if 
pancreatitis is suspected, exena tide should be discontinued 
and the pancreatitis should be managed appropriately. if 
pancreatitis is confirmed, exenatide therapy should not be 
resumed. in patients with a history of pancreatitis, diabetic 
therapies other than exenatide should be considered.  

liraglutide. Liraglutide is a human gLP-1 analog with 
97% sequence identity to human gLP-1.48 its slow absorp-
tion from subcutaneous tissue and resistance to dPP-4 
degradation result in a half-life of approximately 12 hours,24 
suitable for once-daily administration independent of meals. 
compared with twice-daily exenatide, once-daily liraglutide 
has a more favorable pharmacokinetic profile, with lower 
peak-to-trough fluctuations at steady state.49

Liraglutide is indicated as an adjunct to diet and exercise 
to improve glycemic control in adults with type 2 diabetes.48 
Liraglutide is not recommended as first-line therapy for 
patients who have inadequate glycemic control on diet and 
exercise. in clinical trials, the incidence of pancreatitis was 
higher with liraglutide than with comparators. Liraglutide 
has not been studied sufficiently in patients with a his-
tory of pancreatitis to determine whether these patients are 
at increased risk for pancreatitis while using liraglutide. 
Therefore, liraglutide should be used with caution in patients 
with a history of pancreatitis.

concurrent use of liraglutide and insulin has not been 
studied.48 Liraglutide can be administered once daily at 
any time of day, independent of meals, and can be injected 
subcutaneously into the abdomen, thigh, or upper arm. 
The injection site and timing can be changed without dose 
adjustment. for all patients, liraglutide should be initiated 
at a dose of 0.6 mg/day for 1 week. The 0.6-mg dose is a 
starting dose intended to reduce gastrointestinal symptoms 
during initial titration, and is not effective for glycemic 
control. After 1 week at 0.6 mg/day, the dose should be 
increased to 1.2 mg. if the 1.2-mg dose does not result in 
acceptable glycemic control, the dose can be increased 
to 1.8 mg. When initiating liraglutide, physicians should 
consider reducing the dose of concomitantly administered 
insulin secretagogues (such as Sus) to reduce the risk of 
hypoglycemia.
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The Liraglutide effect and Action in diabetes (LeAd) 
program was a series of 6 randomized, double-blind, phase 
3 trials evaluating liraglutide as monotherapy50 or as add-on 
therapy to 1 or 2 oral agents.51-55 Active comparators included 
Sus,50,52 TZd,51 insulin glargine,54 and exenatide.55 All trials 
were 26 weeks,51-55 except the monotherapy trial (liraglutide 
vs Sus), which had a 52-week double-blind phase,50 followed 
by a 1-year open-label extension.56

in the monotherapy trial (LeAd 3), liraglutide (1.2 or 1.8 
mg/day) significantly reduced A1c, fPg, and PPg compared 
with Sus; these improvements were sustained during the 
open-label extension.50,56

Added to oral agents, liraglutide (1.2 or 1.8 mg/day) was 
generally superior to addition of other oral agents or pla-
cebo, resulting in significantly lower A1c, fPg, and PPg.51,53 
however, in one trial (LeAd 2), glycemic control was com-
parable when either liraglutide or the Su, glimepiride, was 
added to metformin; however, more hypoglycemia and weight 
gain occurred with the Su.52 

Based on the LeAd 6 trial, addition of liraglutide sig-
nificantly lowered A1c (-1.1% vs -0.8%, respectively) and 
fPg (-1.6 mmol/L and -0.6 mmol/L, respectively) more than 
exenatide. however, exenatide resulted in significantly more 
PPg reduction after breakfast and dinner.55 Additionally, in 

n Table 4. The Relationship Between Baseline A1C Group and Observed Reduction From Baseline in A1C  
and FPG59

n Figure 3. ADA/EASD Writing Group Treatment Algorithm for Type 2 Diabetes5

Tier 1:  Well-validated
core therapies

Tier 2: Less well-validated
            therapies

STEP 1 STEP 2 STEP 3

At diagnosis:
Lifestyle + metformin

Lifestyle + metformin
+ basal insulin

Lifestyle + metformin
+ intensive insulin

Lifestyle + metformin
+ pioglitazone + sulfonylureaa

Lifestyle + metformin
+ basal insulin

Lifestyle + metformin
+ sulfonylureaa

Lifestyle + metformin
+ pioglitazone

Lifestyle + metformin
+ GLP-1 agonistb

Reinforce lifestyle interventions at every visit; check A1C every 3 months until A1C is <7%
and then at least every 6 months. The interventions should be changed if A1C is >7%.

 
Baseline A1C, %

Number Enrolled in  
Clinical Trials

Change in  
A1C, %

Change in FPG,  
mmol/La

6.0-6.9 410 -0.2 -0.5

7.0-7.9 1620 -0.1 -0.8

8.0-8.9 5269 -0.6 -1.6

9.0-9.9 1228 -1.0 -2.3

10.0-11.8 266 -1.2 -3.4

FPG indicates fasting plasma glucose. 
aTo convert mmol/L of glucose to mg/dL, multiply by 18.

ADA indicates American Diabetes Association; EASD, European Association for the Study of Diabetes; GLP-1, glucagon-like peptide-1. 
aSulfonylureas other than glyburide or chlorpropamide. 
bInsufficient clinical use to be confident regarding safety. 
Adapted from Nathan DM, et al. Diabetes Care. 2009;32:193-203.
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LeAd 5, liraglutide lowered A1c significantly more than 
insulin glargine (-1.3% vs -1.1%, respectively).54 

in both the 52-week randomized LeAd 3 trial and 
its 52-week open-label extension, patients taking lira-
glutide had sustained weight loss, while those taking Sus 
gained weight.50,56 in most of the add-on trials, liraglutide 
resulted in weight loss, which was significantly different 
from weight gain with either placebo,53 Sus,52 or insulin 
glargine added onto background therapy.54 in LeAd 1, 
liraglutide added to Su therapy resulted in minimal weight 
change, which was similar to placebo but significantly 
different from weight gain with a TZd.51 Add-on therapy 
with liraglutide versus exenatide produced similar weight 
loss in both groups.55       

in the LeAd trials, hypoglycemia risk was low with 
liraglutide as monotherapy50 or combined with metformin.52 
combined with Su, liraglutide increased hypoglycemia risk 
compared with Sus alone.51 Buse et al recently reported a 
head-to-head trial of once-daily liraglutide versus twice-daily 
exenatide.55 compared with exenatide, liraglutide resulted in 
greater A1c reduction despite somewhat less hypoglycemia. 
As might be expected from liraglutide pharmacokinetics, 
which provides 24-hour gLP-1 receptor activation, fPg 
reductions were greater with liraglutide while postprandial 
glycemic excursions after breakfast and dinner were less with 
exenatide. Weight loss was similar with the 2 agents.

As with other gLP-1 receptor agonists, nausea is a com-
mon side effect of liraglutide, but is usually transient, occur-
ring most frequently in the first 4 weeks of treatment.50-53

Persistent nausea does not appear to be a significant fac-
tor in liraglutide-induced weight loss.50 in the LeAd 6 trial, 
nausea was initially as frequent with liraglutide compared 
with exenatide, but was less persistent.55

exenatide once weekly. exenatide once weekly is an 
investigational exenatide formulation that is administered 
subcutaneously once weekly. in a randomized, open-label, 
30-week comparison versus the twice-daily formulation, 
exenatide once weekly resulted in significantly greater A1c 
reduction, with a significantly higher percentage of patients 
achieving A1c less than 7%.57 furthermore, significantly 
fewer patients reported nausea with the once-weekly for-
mulation. Weight loss was similar in both groups. in an 
open-label extension study, patients who completed 2 years 
of exenatide once weekly had sustained A1c reduction and 
weight loss throughout the treatment period.58

Individualizing and Optimizing Pharmacologic Therapy
Type 2 diabetes is a complex disease affecting patients 

with widely varying demographic and genetic characteristics 
as well as various comorbidities. The goals, type, and inten-
sity of therapy should be tailored to the individual patient.

Medication Choice
There are now at least 11 classes of antihyperglycemic 

agents. While some data support that insulin, Sus, and 
metformin have the greatest A1c-lowering potential,5 most 
comparisons do not come from head-to-head trials and the 
baseline level of glycemia has often differed in clinical trials 
with various agents. A meta-regression analysis of 61 stud-
ies involving 5 classes of oral agents (Sus, glinides, met-
formin, TZds, and alpha-glucosidase inhibitors) found that 
treatment-induced A1c and fPg reductions are strongly 
influenced by baseline glycemic status: the higher the base-
line A1c, the greater the observed reductions, as shown in 
Table 4.59 

mean baseline A1c in placebo-controlled clinical trials 
has decreased during the past decade.59 Therefore, the rela-
tive effectiveness of the newer agents cannot easily be judged 
by comparing data from placebo-controlled trials in different 
patient populations at different times. 

Beyond possible differences in glycemic reduction, differ-
ences in adverse-effect profiles should be considered when 
selecting drugs or drug combinations to match patients’ indi-
vidual characteristics and goals. Table 3 lists some important 
adverse effects of the 11 drug classes. in choosing drug com-
binations, agents with different mechanisms of action should 
be combined to achieve synergistic effects. 

in a 2009 consensus statement, the AdA and the 
european Association for the Study of diabetes (eASd) 
proposed an algorithm for therapy selection that takes into 
account the characteristics and synergies of various agents, 
as well as their costs and the strength of evidence supporting 
their use.5 The algorithm includes 2 tiers of regimens, each 
with 3 steps (Figure 3). 

Tier 1 consists of what the authors call “well-validated core 
therapies.” They refer to tier 2 therapies as “less well-validated,” 
but indicate that they may be preferred in certain cases—eg, if 
avoidance of hypoglycemia is a major concern, pioglitazone or 
a gLP-1 agonist may be selected. gLP-1 agonists are a good 
option if weight loss is an important consideration.5

The AdA/eASd writing group’s algorithm specifically 
includes only metformin, insulin, Sus, pioglitazone, and 
gLP-1 agonists.5 The amylin agonists, alpha-glucosidase 
inhibitors, glinides, and dPP-4 inhibitors were not included 
as preferred agents because the authors determined that they 
had lower or equivalent overall glucose-lowering effective-
ness and/or limited clinical data or relative expense compared 
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with those agents cited in tiers 1 and 2. however, the authors 
indicated that these other drug classes may be appropriate in 
selected cases. 

AAce/Ace published 2 discrete algorithms, one that 
featured road maps addressing treatment and prevention of 
type 2 diabetes.60,61 The most recent algorithm (available at: 
http://www.aace.com/pub/pdf/glycemiccontrolAlgorithm 
PPT.pdf) also stratifies recommendations by the baseline 
A1c and includes all of the antihyperglycemic therapies 
approved by the fdA. choices of medications are prioritized 
according to efficacy, safety, simplicity, anticipated degree of 
patient adherence, and cost. minimizing risk and severity of 
hypoglycemia and risk and magnitude of weight gain were 
also priorities.61 Both of the AAce/Ace algorithms recom-
mend the option of initial oral combination therapy (when 
monotherapy would unlikely achieve glycemic targets) with 
classes of medications that have complementary mechanisms 
of action.60,61 

Conclusion
There are many treatment options available for anti-

hyperglycemic management of type 2 diabetes, including 
lifestyle modification and pharmacologic agents. There are 
benefits and challenges associated with all of these modali-
ties. Newer therapies, such as incretin-based agents, may 
address some common challenges by reducing the risk for 
hypoglycemia and improving glycemia with weight neutral-
ity or weight loss. As with all new therapies, however, the 
optimal roles for these agents will be established with addi-
tional experience.
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Introduction

as discussed in sections 1 and 2, current american 
Diabetes association guidelines recommend lowering a1c 
to less than 7.0% for most patients with diabetes.1 although 
National health and Nutrition Examination Survey data 
show a significant increase in glycemic goal achievement 
among adults with diagnosed diabetes, an alarming number 
(>40%) of patients were still not reaching the recommended 
goal.2

adding to this, patients with diabetes commonly have 
other cardiovascular risk factors, including hypertension and 
dyslipidemia. In patients with type 2 diabetes, blood pres-
sure (BP) and lipid goal achievement are also suboptimal. 
a 2001-2002 cross-sectional study examined achievement 
of a1c, BP, and low-density lipoprotein (LDL)-cholesterol 
goals and determined that only 7% of patients were meeting 
all 3 goals.3

The clinical consequences of not reaching clinical goals 
include faster disease progression, increased risk of micro-
vascular and macrovascular complications, reduced quality 
of life (QOL), and premature mortality. Economic conse-
quences include increased emergency department (ED) and 
hospital utilization, which account for the majority of 
observed excess costs.

The combination of increasing prevalence, an existing 
treatment gap, and poor outcomes associated with uncon-
trolled type 2 diabetes illustrate a true call-to-arms for man-
aged care and other stakeholders to act. This section focuses 
on barriers to successful management of type 2 diabetes, 
including those derived from clinical, social, and administra-
tive factors, as well as some examples where health plans and 
employers are utilizing innovative policies and practices to 
overcome these obstacles.

Barriers to Successful Management 
Clinical Limitations
Traditional therapy in type 2 diabetes involves a stepwise 

“treatment to failure” approach, whereby an oral diabetic 

treatment regimen is adjusted to achieve optimal glucose 
control.4 Over time, however, oral agents fail to maintain 
glucose at target levels, and the use of insulin should be 
considered. although this approach can provide short-term 
glycemic control, it does not prevent progression of beta-cell 
failure. Furthermore, many antidiabetic agents are associ-
ated with adverse effects (eg, hypoglycemia, weight gain) 
that limit their use. Newer therapies, such as incretin-based 
agents, may address some of these issues; however, they are 
expensive and their exact role in therapy has not yet been 
established. 

There is also lack of consensus regarding treatment goals 
and the best practices for achieving them. For example, 
treatment goals and algorithms recommended by the aDa 
and the European association for the Study of Diabetes1,5 
differ from those of the american association of clinical 
Endocrinologists/american college of Endocrinology (dis-
cussed in the previous section).6,7 These algorithms can 
cause confusion for both practitioners and those who shape 
medical policy because both the means and ends are not 
consistent.

The lack of consensus among major diabetes organiza-
tions may lead to confusion for practitioners (especially 
primary care) in treating patients, and for managed care 
organizations (mcOs) in developing new policies. Lack of 
consensus might also be a factor in physicians’ underutiliza-
tion of guidelines. In a national survey of generalists and dia-
betes specialists, fewer than half of either group cited expert 
guidelines or hospital algorithms as a major consideration in 
selecting initial or subsequent therapies.8

Clinical Inertia
clinical inertia—the failure to initiate or intensify treat-

ment in a timely manner—is common in diabetes care. In 
the Diabetes attitudes, Wishes, and Needs (DaWN) study, 
interview data from providers (physicians and nurses) in 13 
countries revealed a high propensity to delay oral therapy, 
and an even stronger propensity to delay insulin, until “abso-
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lutely necessary” for patients with type 2 diabetes.9 more 
than half of nurses and primary care physicians reported 
delaying insulin therapy; specialists and opinion leaders 
were less likely to do so. The tendency to delay therapy was 
greater among uS providers than in most other countries. 

Underutilization of Team Support
Physicians cannot single-handedly do everything that 

is needed for aggressive, comprehensive diabetes manage-
ment.10 Diabetes care can be improved by means of a team 
approach, providing support through nonphysician health-
care professionals such as diabetes educators either within or 
outside the physician’s office.11 Benefits of multidisciplinary 
team care include improved glycemic control, increased 
follow-up, higher patient satisfaction, lower risk of compli-
cations, and better QOL.10 however, team support is not 
always readily available and, when available, is often not 
utilized.12,13

Diabetes education—also called diabetes self-manage-
ment education (DSmE) or diabetes self-management train-
ing (DSmT)—is a process by which people with (or at risk 
for) diabetes gain the knowledge and skills necessary to 
modify their behavior and successfully manage the disease.14 
DSmE/DSmT is considered the key to controlling diabetes14 
and should be an integral component of care for all people 
with diabetes.13,15 

Diabetes educators may come from a variety of healthcare 
disciplines including, but not limited to, registered nurses 
(rNs), registered dietitians, pharmacists, physicians, mental 
health professionals, podiatrists, optometrists, and exercise 
physiologists.16 Their services may be provided through hos-
pitals, physician offices, pharmacies, mcOs, home health-
care agencies, or other settings. many diabetes educators 
have earned a certified Diabetes Educator (cDE) creden-
tial, and some are board certified in advanced Diabetes 
management (Bc-aDm). Bc-aDm requires an advanced 
academic degree and focuses on clinical management rather 
than education alone.17

DSmE/DSmT results in lower a1c levels and has also 
been shown to reduce healthcare utilization and costs.14 For 
example: 

•	In	the	Urban	Diabetes	Study,	18,404	diabetes	patients	
were followed for a mean of 4.7 years.18 Patients who 
had any kind of educational visit(s) had 34% fewer 
hospitalizations, resulting in lower overall hospital 
charges, compared with those who had no educational 
visits (P <.001).

•	A	 recently	 published	 literature	 review	 identified	 26	
studies, involving 40,588 patients, and examined cost 

savings or cost-effectiveness of diabetes education or 
disease management programs.19 The studies varied 
widely in design, populations studied, and outcome 
measures, as well as in their definitions of diabetes 
education. Nevertheless, 18 of the 26 studies found 
that diabetes education was associated with either 
cost savings, decreased costs, cost-effectiveness, and/
or positive return on investment. Only 1 study found 
increased costs.

Despite evidence for its effectiveness and cost-effective-
ness, diabetes education is underutilized. a 2005 national 
survey showed that slightly more than half (54.3%) of 
patients with diabetes had attended some type of DSmE 
class. analysis of medicare reimbursement for DSmT 
revealed that only 1% of medicare beneficiaries with dia-
betes received DSmT in 2004-2005. The 2007 roper uS 
Diabetes Patient market Study found that 26% of patients 
had seen a diabetes educator in the previous year.13

reasons for underutilization may include lack of access 
(eg, in rural areas), inadequate reimbursement, or physician 
unawareness of diabetes education resources. It is important 
to be aware that medicare has specific coverage policies for 
individual and group DSmT, and that most private payers 
cover DSmE/DSmT in the primary care setting.14 many 
states require health plans to pay for diabetes education,20 
although coverage and reimbursement policies may vary 
across states and geographic regions.14 additionally, certain 
services may be separately reimbursable—eg, medical nutri-
tion therapy provided by dietitians; counseling provided by 
qualified social workers, psychologists, or advanced practice 
rNs; and medication therapy management (mTm) pro-
vided by pharmacists or nurse practitioners.14,16

mTm is a partnership between the patient and a quali-
fied healthcare professional, with the purpose of promoting 
safe and effective medication use.21 mTm helps patients 
resolve prescription drug problems—including side effects, 
drug interactions, cost and formulary issues—and is well 
suited for patients with type 2 diabetes, for whom treat-
ment adherence is often problematic.22 medicare guidelines 
require prescription plans to offer mTm services for certain 
beneficiaries who take multiple medications.22 Some employ-
ers have implemented innovative programs providing mTm 
through their health plans—eg, the asheville Project and 
the Diabetes Ten city challenge (DTcc), discussed later 
in this section. 

Treatment Nonadherence
Treatment adherence rates are generally lower in chronic 

disease than in acute disease11; and among chronic diseases, 
type 2 diabetes is particularly associated with low adher-
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ence. This may be related to a number of factors, including 
the difficulty of maintaining lifestyle changes and the use of 
complex, inconvenient medication regimens. Furthermore, 
patients may be undermotivated because treatment focuses 
on long-term complication prevention rather than symptom 
reduction.

Adherence Rates
Studies differ in definitions of adherence, populations, 

and methods of ascertainment, making adherence rates dif-
ficult to determine accurately. In 2003, the World health 
Organization (WhO) reported that 52% to 70% of uS 
patients with type 2 diabetes adhere to diet; 26% to 52% 
follow a physical activity plan; and only about 33% self-
monitor blood glucose as often as recommended.23 The 
WhO report also noted that, among uS patients whose 
health insurance covers drugs, only 70% to 80% adhere to 
oral medication; while among medicaid patients who were 
prescribed a single oral medication, merely 15% were still 
taking it regularly after 1 year.23 adherence is not directly 
correlated with medication access, but may be more related 
to disease understanding. Diabetics who are informed and 
understand the long-term effects of the disease are more 
likely to be adherent.

a 2004 systematic review found that, in prospective 
studies, mean adherence rates (proportion of doses taken as 
prescribed) with oral medication ranged from 61% to 85% 
during up to 6 months’ observation.24 In a retrospective 
2-year analysis of 27,274 insulin users with type 2 diabetes, 
the mean adherence rate was approximately 63%.24 and in 
a retrospective study of 102 patients with type 2 diabetes 
initiating insulin, 79.6% persisted with treatment for 24 
months.24

Impact of Nonadherence 
In chronic disease in general, poor treatment adherence 

leads to poor clinical outcomes and increased medical costs.11 
In type 2 diabetes, this is of particular concern because of the 
increasing prevalence of the disease (including among young 
people), coupled with the serious nature of its long-term 
complications. 

In a population-based retrospective study involving 3260 
patients with diabetes (type 1 or type 2 not specified), lower 
medication adherence was associated with higher diabetes-
specific and all-cause medical costs, apparently driven by 
higher hospitalization rates.25 adherence levels of 19% or 
less were associated with a 30% hospitalization risk during 
a 1-year period, compared with a 13% hospitalization risk 
among patients with 80% to 100% adherence (P <.05). The 
corresponding total (medical plus drug) costs per patient were 
$8867 versus $4570, respectively.

Factors Influencing Adherence
The following list describes several dynamics that 

may influence treatment adherence in type 2 diabetes. 
considerations relating specifically or primarily to insulin 
therapy are discussed in a separate section below.

•	 Patient education and engagement. Insufficient self-
management skill is a major barrier to adherence.26 
Poor adherence may also result when patients do not 
fully understand the seriousness of the disease27 or lack 
motivation to treat an asymptomatic condition.11 

•	 Psychological factors. In the DaWN study, provid-
ers reported that a majority of their patients with type 
2 diabetes had psychological problems, and that these 
problems had a substantial effect on regimen adher-
ence.28 although more than half of providers reported 
that outside expertise in psychological matters was 
available to them if needed, only a minority indicated 
that they often referred patients for psychological sup-
port. consistent with these findings, few patients 
reported receiving psychological services.

  Depression is more prevalent among people with 
diabetes than in the general population,27 and is often 
associated with poor glycemic control and the presence 
of complications. In some patients, alcohol or other sub-
stance abuse23,29 may lead to poor adherence. cognitive 
impairment11 or just simple forgetfulness29 may also 
contribute.

•	 environmental factors. Environmental factors that 
encourage overeating and physical inactivity make it 
difficult for people with diabetes to maintain healthy 
diet and exercise regimens. These factors include 
the easy availability of inexpensive fast foods high in 
fat, salt, and calories; mechanized transportation; and 
increased time spent in sedentary occupational and 
nonphysical recreational activities.23 

•	 interPersonal factors. collaborative, nonjudgmen-
tal, trusting relationships between patients and their 
healthcare providers are important in promoting 
adherence.29 Family and social support are also impor-
tant; lack of such support has been associated with 
poor goal achievement.29 It may be helpful to identify 
key family members and (with the patient’s consent) 

Glenda Owens: The more you can engage a patient 

into understanding what’s wrong with them, the 

better the outcome. It doesn’t really matter what dis-

ease state we are talking about, education improves 

your outcome.



Barriers to Successful management of Type 2 Diabetes and Implications for managed care

VOL. 16, NO. 1 n ThE amErIcaN JOurNaL OF maNagED carE n S27

include them in diabetes education and decision-
making.29

•	socioeconomic factors. high out-of-pocket costs can 
be a major obstacle to adherence. Patients without 
insurance, or whose insurance has high deductibles 
or copays, may avoid provider visits, fill only the least 
expensive of their prescriptions, and/or skip doses or 
take medications only when symptoms occur. Low-
income patients and members of ethnic minority groups 
may be especially adversely affected.23 Language barri-
ers12,29 and cultural and belief systems11 may also hinder 
treatment adherence.

•	treatment-related factors. adherence may be 
adversely impacted by complexity or inconvenience 
of treatment regimens,12,23 including the frequency 
of self-monitoring and medication dosing, and the 
number of medications required to achieve glycemic 
control.23 concurrent treatment of hypertension 
and/or dyslipidemia adds further complexity. Fixed-
dose drug combinations may provide a partial solu-
tion. analyses of pharmacy claims data have found 
that, among patients with type 2 diabetes receiving 
monotherapy, addition of a second oral agent resulted 
in significantly lower adherence than switching to a 
fixed-dose combination.30,31

adverse effects, or fear of adverse effects, can be a 
major barrier to medication adherence. In particular, fear 
of hypoglycemia and weight gain may discourage adher-
ence to regimens involving insulin or insulin secretagogues 
(sulfonyl ureas and glinides).

the role of diabetes educators. Diabetes educators 
can play a crucial role in overcoming adherence barriers. 
By asking open-ended questions, diabetes educators can 
elicit patient fears, concerns, and misconceptions about 
treatment, which can then be addressed.32 By teaching self-
management skills, with ongoing follow-up and feedback, 
diabetes educators can encourage patients and help them 
develop confidence in their ability to successfully manage 
the disease. 

The potential of diabetes education to improve treatment 
adherence has been demonstrated by innovative programs 
such as the asheville Project and the DTcc, discussed later 
in this section. 

Some resources for patient education and support can be 
found at:

•	American	 Diabetes	 Association,	 http://www.diabetes.
org 

•	Centers	 for	 Disease	 Control	 and	 Prevention,	 http://
www.cdc.gov/diabetes

•	National	Diabetes	Education	Program	(NDEP),	http://
www.ndep.nih.gov

•	The	DAWN	(Diabetes	Attitudes,	Wishes,	and	Needs)	
program, http://www.dawnstudy.org 

PrinciPles of adherence interventions. The New 
England health care Institute recommends that adherence 
interventions incorporate the following principles11:

•	Interventions	 should	 be	 patient-centered,	 addressing	
the patient’s preferences, concerns, lifestyle, culture, 
and beliefs.

•	Interventions	 should	 be	 holistic,	 encompassing	 an	
understanding of the patient’s overall medical con-
dition, and should include reconciliation of all the 
patient’s medications.

•	Interventions	 should	 include	 multiple	 components,	
using a variety of tools and incentives tailored to the 
individual patient’s characteristics and needs.

•	Services	 delivered	outside	 the	physician	practice	 (eg,	
counseling by pharmacists) should engage directly 
with the prescribing physician, with appropriate pri-
vacy safeguards.

•	Continuity	 of	 care	 and	 follow-up	 are	 essential,	 espe-
cially during transitions such as hospital discharge.

•	Complete,	accurate	data	on	the	patient	and	his	or	her	
medications should be available when needed—both 
to the patient and to all providers involved in the 
patient’s care. health information technology, includ-
ing electronic records and e-prescribing, can help 
provide the necessary data infrastructure.

•	Healthcare	systems	should,	ideally,	have	the	ability	to	
target key populations—ie, to identify patient popula-
tions at high risk for poor adherence, and match them 
with an appropriate mix of services.

What approaches can managed care take to promote 
these principles? answers are being sought, and will evolve 
over time. a comprehensive review is beyond the scope 
of this discussion; however, some examples of successful 
programs are presented below in the section entitled The 
Impact of managed care. 

Glenda Owens: While we have so many treatment 

options, why isn’t treatment successful? I believe 

adherence is one of the biggest problems, and there 

are so many factors that feed into that. In my plan, one 

of the factors is economic; sometimes patients can’t 

afford their copays or their coinsurance, so they just 

don’t fill their prescription. They may opt to use their 

resources in other ways, unrelated to their health. Also, 

areas with lower socioeconomic levels are disaffected 

due to a lack of understanding their disease. 
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Barriers to Insulin Therapy 
Insulin therapy is required for patients with type 2 diabe-

tes once beta-cell failure reaches a critical threshold. Even 
before that stage, antidiabetes drugs (eg, insulin sensitiz-
ers, insulin secretagogues) require insulin to be effective, 
restating the importance of insulin to any effective diabetes 
therapy. although beta-cell function cannot be assessed rou-
tinely in clinical practice, patients not achieving glycemic 
goals while adhering to combination noninsulin regimens 
are likely to reach that threshold.

Despite evidence for the efficacy and safety of early insu-
lin use, both patients and clinicians often have considerable 
resistance to initiating insulin (“psychological insulin resis-
tance”).9,33,34 While the previous discussion about adherence 
barriers applies to insulin as well as to other therapies, there 
may be greater and/or additional barriers associated with ini-
tiating and adhering to insulin use. Some of the barriers are 
related to route of administration, and these considerations 
apply to other injectable medications as well (eg, pramlin-
tide, exenatide). Others are related to patient and provider 
perceptions or misconceptions about insulin, or to lack of 
knowledge about newer insulins (eg, insulin analogs) and 
delivery devices (eg, insulin pens).

Clinician Barriers
clinician barriers to insulin use may include the percep-

tion that adding insulin is too complicated, or that it will 
require additional time and resources for monitoring34; the 
belief that patients will not accept or adhere to insulin 
therapy35; fear of hypoglycemia and/or weight gain34,35; and 
the belief that insulin is unnecessary or ineffective in type 
2 diabetes.34

Patient Barriers
There are a number of patient-centric barriers to insulin 

therapy; these, as well as strategies to address each issue, are 
summarized in the table.32-34,36 

The Impact of Managed Care
mcOs, employers, and other organizations that admin-

ister or control health benefits have recognized the burden 
that diabetes places on the healthcare system. These groups 
have taken a variety of approaches to contain costs, either 
directly or by developing innovative programs to address the 
root of the problem: improving clinical status to improve 
economic outcomes.

Common Cost-Containment Approaches

cost-sharing measures are among the most commonly 
used approaches to cost containment. Examples include 
tiered pharmacy copayments (used by most health plans), 
coinsurance (in which the patient pays a percentage of the 
cost), and benefit caps (as in medicare Part D).37

another commonly used cost-containment approach is 
formulary restriction. Examples include prior authorization 
(requiring permission to dispense certain drugs), step therapy 
(requiring that lower-cost drugs be tried first, before covering 
more expensive ones), closed formularies, and mandatory 
generic substitution.37 

a review of 132 studies examining various drug cost-
containment measures found that increased cost-sharing is 
generally associated with decreased drug treatment, lower 
adherence, and more frequent discontinuation of therapy.37 
For patients with chronic conditions, including diabetes, 
higher drug cost-sharing is also associated with worse clinical 
outcomes, increased hospitalization rates, and increased use 
of emergency services.37

most studies of prior authorization and step therapy sug-
gest that these measures can decrease drug spending with-
out increasing healthcare utilization or worsening clinical 
outcomes. however, closed formularies and mandatory 
generic substitution have been associated with adverse 
outcomes.37

These results suggest that benefit design can be an impor-
tant factor in public health. The challenge for payers is to 
find ways of minimizing costs without discouraging cost-
effective care.37 

Value-Based Insurance Design 
Value-based insurance design (VBID) is a benefit design 

that links cost-sharing to the therapeutic value of a service 
(ie, the more clinically beneficial a service is for the patient, 
the lower the patient’s cost share).38,39 approaches to VBID 
include reduction or elimination of copayments (1) for 
certain drugs or services for all patients, (2) for patients 
with specific diagnoses, (3) for high-risk patients with spe-
cific diagnoses, or (4) for patients with specific diagnoses 
who participate in disease management programs.39 Several 
examples of the latter approach are described below.

Glenda Owens: Another barrier is associated with 

drug administration—the fear of injection. I think 

exenatide and the effect of weight loss have helped to 

eliminate some of that fear for a lot of people, because 

they see a positive benefit from using the injection. 

However, with insulin, there is no perceived advantage.
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Pitney Bowes
Pitney Bowes, a Fortune 500 company with 35,000 

employees, offers a disease management program to employ-
ees with diabetes and other chronic diseases.40 In 2002, Pitney 
Bowes changed its drug benefit design for participants with 
diabetes, shifting tier 2 and 3 brand name diabetes medica-
tions and test strips to tier 1.

During the following 2 to 3 years, adherence rates for all 
shifted products improved significantly; in particular, the 
percentage of members with suboptimal insulin adherence 
decreased by two thirds.40 also, the percentage of members 
using fixed-dose combinations of oral agents increased, with 
substantial improvement in adherence. Surprisingly, annual 
pharmacy costs for members with diabetes actually decreased 
7%, possibly due to a reduction in complications that would 
have required more expensive drug treatment. 

Furthermore, although there was a slight increase in hospi-
talizations (possibly related to aging of the workforce), the rate 
of ED visits decreased 26%, likely due to improved medication 
adherence. Overall per-patient cost of medical care for mem-
bers with diabetes decreased 6% between 2001 and 2003.40

Diabetes Ten City Challenge 
In the DTcc, employers at 10 geographic sites contracted 

with community pharmacies to provide diabetes disease 
management services.41 Participating pharmacists either were 
cDEs or had completed a diabetes training program offered 
by an accredited provider of continuing pharmacy education. 
Services were provided to patients at local pharmacies or at 
the workplace; pharmacists were compensated for their ser-
vices via their networks by the employers. Patient incentives 
included waived copayments for medications and certain 
supplies; some employers added other incentives (eg, waived 
copayments for education classes and laboratory tests).

among 573 patients who participated for at least 1 
year, significant improvements in clinical outcomes occurred, 
including a1c, LDL cholesterol, systolic and diastolic BP, 
and body mass index.41 The participating patients also moved 
closer to healthcare Effectiveness Data and Information Set 
targets for process measures such as a1c testing, lipid profiles, 
eye and foot examinations, and influenza vaccinations.

compared with baseline, medical claims costs decreased 
8.5%, pharmacy claims costs increased 36.5%, and overall 

n Table. Addressing Barriers to Insulin Therapy32-34,36

Barriers                                             Strategies

Lack of confidence in ability to manage  
  insulin therapy and/or fear that insulin will  
  restrict lifestyle

Long-acting insulin is conveniently administered at bedtime. 
For prandial dosing, rapid-acting insulin analogs can be administered  
  immediately before meals. 
Insulin pens are quick and easy to use. 
Teach patient correct techniques for self-injection and glucose self-monitoring.

Difficulty with injection technique due to  
  impaired vision, coordination, or  
  manual dexterity

Insulin pens are easier to use and provide accurate dosing.

Needle anxiety Insulin pens are relatively painless; needle is hidden.

Social stigma Insulin pens are discreet and do not look like syringes.

Fear of hypoglycemia Explain that serious hypoglycemia is rare in type 2 diabetes. 
Long-acting once-daily insulins and insulin analogs cause less hypoglycemia. 
Teach patient how to avoid, recognize, and treat hypoglycemia. 

Fear of weight gain Once-daily insulins or insulin analogs cause less weight gain. 
Adding metformin to insulin can offset weight gain. 
Daily exercise minimizes weight gain and improves glycemic control. 
Patients starting insulin may benefit from referral to dietitian. 

Perception that insulin is unnecessary  
  or ineffective

Explain that insulin is effective for controlling blood glucose, and that  
  improved control will make the patient feel better. 

Perception of insulin as last resort Introduce option of insulin soon after diagnosis. 
Explain that insulin is effective for controlling blood glucose at any time during  
  the course of the disease. 

Sense of personal failure Explain that insulin is required because of the natural course of diabetes, not  
  the patient’s behavior. 
Never use insulin as a threat or punishment for not adhering to diet, exercise,  
  or oral medications.

Reprinted with permission from Davis SN, et al. Diabetes Educ. 2006;32(suppl 4):146S-152S. 



Section 3

S30  n www.ajmc.com n march 2010

healthcare costs increased 5.32% during the first year of the 
program.41 however, compared with projected costs, the 
mean annual total healthcare cost per patient decreased by 
7.24%, resulting in estimated savings of $278,512 for employ-
ers during the first year of the program.

Asheville Project
The asheville Project began in 1997 as a diabetes dis-

ease management program offered by 2 large employers in 
asheville, North carolina.42 Pharmacists at 12 community 
pharmacies provided the services—including self-manage-
ment education and counseling, goal setting and monitoring, 
clinical assessment, and referral42,43—and were reimbursed on 
a fee-for-service basis.42 Participating pharmacists were not 
required to be cDEs, but did complete a rigorous diabetes 
certification program.42,43

Patients were offered the opportunity to meet with phar-
macist providers at no out-of-pocket cost.42 Participating 
patients also received free glucose meters, and copayments for 
diabetes medications and supplies were waived. Initially, 85 
patients were enrolled42 and were followed for up to 5 years.43 
During the first 7 to 9 months, a1cs were significantly 
reduced, and patient satisfaction improved. costs for diabetes 
care increased by 87% ($52) per patient per month; however, 
there was a 16% ($82) decrease in all diagnosis costs.42

Long-term outcomes, among patients remaining in the pro-
gram for up to 5 years, included sustained a1c reduction as 
well as increased a1c goal achievement. LDL-cholesterol and 
high-density lipoprotein–cholesterol levels also improved.43 
costs shifted from hospital, ED, and outpatient physician ser-
vices to prescriptions. although prescription claims increased, 
total claims decreased by $1622 to $3356 per patient per year 
compared with baseline. additionally, 1 of the 2 employers 
reported decreased sick days; the value of the resulting produc-
tivity increase was estimated at $18,000 per year.

after controlling for confounding factors, the disease man-
agement services were not an independent, statistically signifi-
cant factor in reducing a1c. however, the investigators noted 
that measurement of the services was not precise and did not 
capture the full range of services provided to patients.44

Other Programs
Other programs based on the asheville model have been 

implemented—eg, the Lancaster county (Pennsylvania) 
BriDgE Project for Improved health Outcomes. The 
BriDgE program is available to any employer in the area. 
Patients with diabetes agree to monthly visits with a certified 
local network pharmacist, who acts as a coach in face-to-
face consultations. Participating patients receive incentives 

including reduced or waived deductibles and copays for lab 
tests, medication, and supplies.45,46

Conclusions
Type 2 diabetes is associated with a significant burden and 

consequences to both individual patients and society as we 
care for those with this disease. While treatment options are 
effective and available, there still remains a treatment gap. 
addressing the needs of this gap not only includes improved 
clinical management of the disease, but also a review of the 
other factors affecting outcomes such as adherence to therapies 
and an improved understanding of the disease by both practi-
tioners and patients. 

The implications for managed care can be seen through 
the development and execution of innovative medical 
policies and practices which addresses the diabetes treatment 
gap. availability of team-oriented diabetes care providers, 
financial incentives to healthcare providers and maintaining 
affordable access to pharmacologic therapies have demon-
strated these approaches can improve clinical outcomes while 
reducing overall costs. 
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