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Diabetes is a complex, chronic disease that is char-
acterized by poor glycemic control and results 
from impaired insulin secretion, impaired insulin 

action, or both.1 Type 2 diabetes is the most common 
form of the disease and accounts for more than 90% of 
the estimated 29.1 million cases in the United States.2

Diabetes is a major public health issue around the 
globe. An estimated 382 million individuals have diabe-
tes, and the worldwide prevalence is projected to increase 
to nearly 600 million in less than 25 years.3 

In alignment with global trends, data indicate that the 
diabetes epidemic is worsening in the United States. A 
recent study that was based on surveillance data from the 
Centers for Disease Control and Prevention estimated 
that the prevalence of diabetes among US adults grew by 
75% during the past 20 years, with the greatest increase 
among patients aged ≥65 years.4 This study used National 
Health and Nutrition Examination Survey (NHANES) 
data that were gathered during 3 periods: 1988-1994, 
1999-2004, and 2005-2010. Based on the total popula-
tion of the United States during these periods, the re-
searchers estimated that the prevalence of diabetes in-
creased from 14.9 million cases to 26.1 million cases 
within approximately 20 years.4 

Public health experts project that the number of 
Americans with diabetes will increase from 1 in 10 adults 
today to as many as 1 in 3 adults by 2050, unless signifi-
cant steps are taken to slow the growing incidence of di-
abetes.5 This trend is attributed to a confluence of factors, 
including an aging population that is at an increased risk 
for type 2 diabetes, increases in minority groups that are 
at high risk for type 2 diabetes, and increases in life expec-
tancy for individuals with type 2 diabetes.5 

The concurrent obesity epidemic in the United States 
is strongly associated with the increased prevalence of 
diabetes. During 1994-1998, 1999-2004, and 2005-2010, 
the incidence of individuals with a body mass index 
(BMI) of 30 kg/m2 or higher increased from 22% to 30% 
to 34.6%, respectively, and the prevalence of individuals 
with a BMI of 40 kg/m2 or higher increased dramatically 
from 2.7% to 4.9% to 6.4%, respectively.4 

The situation is particularly concerning for younger 
Americans; childhood obesity has more than doubled in 
children and quadrupled in adolescents in the past 30 
years.6-8 Obese adolescents are more likely to have predi-

abetes––a condition that is characterized by elevated 
glycemic levels but not high enough for a diagnosis of 
diabetes9––compared with adolescents who are not over-
weight.10 Furthermore, obese children and adolescents 
are at an increased risk for type 2 diabetes, as well as other 
health conditions.9 

One epidemiologic study estimated that during 1980-
1989 and 2000-2004, the proportion of individuals aged 
18 years who would develop diabetes in their lifetimes 
increased by nearly 50% among women and approxi-
mately doubled among men.11 This development, which 
is projected to negatively affect diabetes-free life expec-
tancy, was primarily attributed to increases in the preva-
lence of diabetes among obese men and women.11 

The impact of increased diabetes-related morbidity 
and mortality in younger populations is particularly dis-
turbing. For patients with young-onset type 2 diabetes (ie, 
individuals diagnosed at age <45 years), poor glycemic 
control is predictive of a high risk for complications over 
time.12 As a result, the mortality rate for patients with 
early-onset type 2 diabetes is projected to be approxi-
mately double the rate as for patients of a similar age and 
duration with type 1 diabetes; this increase in premature 
mortality is expected to be primarily driven by cardiovas-
cular events.13 

Economic Burden of Type 2 Diabetes
In addition to its impact on the rising morbidity and 

mortality rates, the diabetes epidemic is substantially af-
fecting healthcare utilization and cost.14 Patients with 
type 2 diabetes use a disproportionate amount of health-
care services compared with that of individuals without 
type 2 diabetes. According to the American Diabetes 
Association (ADA), the total estimated cost for patients 
with diagnosed diabetes in 2012 was $245 billion, repre-
senting a 41% increase from the total estimated cost in 
2007 (Figure 1).14,15 Overall, patients with diagnosed di-

Mitigating the Burden of Type 2 Diabetes: 
Challenges and Opportunities

The worldwide prevalence of diabetes is 
projected to increase to nearly 600 million  
in less than 25 years.



S4 l  American Health & Drug Benefits  l  www.AHDBonline.com April 2015  l  Supplement

abetes incur medical expenses that are on average 2.3 
times higher than that of individuals without diabetes.14 

In 2012, inpatient hospital care accounted for 43% of 
the total diabetes-related medical expenses, based on esti-
mates from the ADA.14 A total of 630,000 adults with 
diabetes were discharged from hospitals in 2010,16 and an 
estimated 15.7% of the 168 million hospital inpatient days 
incurred in 2012 were attributed to patients with diabetes; 
of these inpatient days, more than 60% were attributed 
directly to diabetes and diabetes-related complications.14 

Disease Progression
Individuals with type 2 diabetes are often asymptom-

atic and may therefore remain undiagnosed for an ex-
tended period.17 During that time, however, poor glyce-
mic control is silently damaging the body. Studies have 
found that many individuals with undiagnosed diabetes 
begin to develop microvascular and macrovascular com-
plications, including chronic kidney disease (CKD), 
heart failure, and retinopathy. These complications may 
substantially progress by the time the patient is diag-
nosed with diabetes.18-20 

Disease progression is a product of type 2 diabetes 
pathophysiology, which is believed to involve a broad 
and interrelated spectrum of organs and tissues.21 Beta- 
cell impairment, muscle tissue, and the brain and liver 
all contribute to insulin resistance. In addition, incretin 
resistance and/or deficiency in the gut, accelerated lip-
olysis and ketogenesis that are stimulated by fat cells, 
increased glucose reabsorption in the kidney, and al-
pha-cell activity that results in hyperglucagonemia are 
all thought to contribute to glucose intolerance in pa-
tients with type 2 diabetes.21 

Despite treatment with antidiabetes agents, the major-
ity of patients with type 2 diabetes experience loss of 
glycemic control over time.22,23 The United Kingdom 
Prospective Diabetes Study (UKPDS) showed that ther-
apy with metformin, sulfonylurea, or insulin substantially 
lowered hemoglobin (Hb) A1c levels and fasting plasma 
glucose levels compared with conventional therapy; how-
ever, during 10 years, glycemic control gradually erod-
ed.22,23 A similar pattern was observed with sulfonylureas 
after a median of 4 years in the ADOPT (A Diabetes 
Outcome Progression Trial) study.24 

The decline in beta-cell function is strongly associated 
with progressively poorer glycemic control over time. 
Using the homeostasis model assessment to quantify be-
ta-cell function, researchers in the UKPDS clinical trial 
demonstrated that beta-cell function continued to deteri-
orate in association with progressively increasing hyper-
glycemia, despite treatment.25 

Complications of Type 2 Diabetes
The burden of type 2 diabetes–related vascular compli-

cations is substantial. Patients with microvascular com-
plications use nearly twice the amount of healthcare re-
sources compared with patients without microvascular 
complications.26 

Diabetic retinopathy, an ocular disorder associated 
with damage to the retina, is the leading cause of new 
cases of blindness among US adults aged 20 to 74 years.27 
In the United States, diabetic retinopathy affects 28.5% 
of adults aged ≥40 years, whereas vision-threatening dia-
betic retinopathy affects an estimated 4.4% of patients in 
this age-group.28 In addition to its devastating effect on 
the patient, diabetes-related blindness accounts for nearly 
$500 million annually in total costs.29

Diabetic neuropathy, a nerve disorder that is often 
characterized by impaired sensation in the extremities, 
affects 60% to 70% of patients with diabetes.30 Dimin-
ished pain sensation results in an increased risk for skin 
breakdown and infection, in addition to injuries. With-
out prompt treatment, patients may have foot ulcers; in 
severe cases, amputation may become necessary.31 One 
study showed that the costs for patients with diabetic 
neuropathy were 5 times higher than for diabetic patients 
without neuropathy.32 Fortunately, the early recognition 

Despite treatment with antidiabetes  
agents, the majority of patients with  
type 2 diabetes experience loss of  
glycemic control over time.

Figure 1   Economic Cost of Diabetes Between 2007 and 2012

Sources: American Diabetes Association. Economic costs of diabetes in 
the U.S. in 2007. Diabetes Care. 2008;31:596-615; American Diabetes 
Association. Economic costs of diabetes in the U.S. in 2012. Diabetes 
Care. 2013;36:1033-1046.
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and management of risk factors can prevent or delay the 
adverse outcomes of neuropathy.31 

CKD, characterized by proteinurea and progressive 
kidney failure, occurs in 20% to 40% of patients with 
diabetes and is the leading cause of end-stage renal dis-
ease.31,33 The majority of patients with CKD are asymp-
tomatic until their CKD has significantly progressed; 
therefore, they remain unaware of their condition.34 
CKD is common in patients with diabetes, and in one 
analysis, nearly 42% of individuals with undiagnosed di-
abetes and 18% of individuals with prediabetes had 
CKD.18 It should be noted that although CKD frequently 
occurs in patients with type 2 diabetes, it is not limited 
to the diabetic population. 

Macrovascular complications are also prevalent in pa-
tients with type 2 diabetes. In 2010, researchers reported 
that the hospitalization rates for myocardial infarction 
and stroke were 80% and 50% higher, respectively, 
among adults aged ≥20 years with diagnosed diabetes 
than among adults without diagnosed diabetes.2 

The mortality rates are also higher among patients 
with diabetes compared with individuals without diabe-
tes. Between 2003 and 2006, cardiovascular disease mor-
tality rates were approximately 70% higher among adults 
aged ≥18 years with diagnosed diabetes compared with 
individuals without diagnosed diabetes.2 Furthermore, 
according to the ADA, of the 687,000 deaths where car-
diovascular disease is listed as the primary cause, an esti-
mated 110,000 (16%) are attributable to diabetes.14 

The Paramount Importance of Glycemic Control
Epidemiologic studies have shown a strong associa-

tion between glycemic control and microvascular com-
plications; lowering HbA1c levels to ≤7% has been 
shown to reduce microvascular complications of diabe-
tes.22 In fact, every 1% reduction in HbA1c levels is cor-
related with a 40% reduction in diabetes-related micro-
vascular complications.30,35

In addition, evidence suggests that maintaining glyce-
mic control early in the disease process is associated with 
long-term reduction in macrovascular disease.31 Al-
though cardiovascular disease is a more common cause of 
mortality than microvascular complications, several 
population studies indicate that cardiovascular disease is 
less affected by hyperglycemia levels or by intensity of 
glycemic control in patients with type 2 diabetes than 
microvascular complications.31 

Evidence suggests that glycemic control remains sub-
optimal and is challenging for patients to manage. Ac-
cording to the National Committee for Quality Assur-
ance, only 43.2% of patients with commercial HMO 
plans achieved HbA1c levels of <7% in 2012, which was 
approximately the same proportion as in 2007 (Figure 

2).36 Another analysis that used the NHANES data (be-
tween 1999 and 2008) showed a significant improvement 
in reaching HbA1c targets in adults with diabetes aged 
≥20 years.37 Despite the positive trend, however, an esti-
mated 45% of patients with diabetes had not reached 
target HbA1c levels by 2008.37 Among minority popula-
tions, the rate was substantially lower than among whites, 
with less than 50% of African Americans and Mexican 
Americans reaching glycemic control (ie, HbA1c <7%) 
between 2005 and 2008.37 

These data clearly demonstrate that there remains a 
major gap in the quality of diabetes management, under-
scoring the need for ongoing strategies to improve glyce-
mic control, as well as other relevant measures, including 
blood pressure, low-density lipoprotein cholesterol, and 
weight management. 

Medication Nonadherence Remains a Major Issue for 
Patients with Chronic Diseases

Clinical trials have demonstrated that antidiabetes 
medications can substantially improve glycemic control 
in accordance with a key measure, namely HbA1c lev-
els.22,23,25 Patients with diabetes are often asymptomatic or 
minimally symptomatic, particularly during the early 
stages of the disease.38 Along with other factors, lack of 
symptoms may contribute to patients not being adherent 
to their prescribed medications.39 

Figure 2   Percentage of Patients with Type 2 Diabetes  
  Achieving HbA1c <7%

Hb indicates hemoglobin. 
Source: National Committee for Quality Assurance. Improving 
quality and patient experience. www.ncqa.org/Portals/0/Newsroom/
SOHC/2013/SOHC-web_version_report.pdf. 
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Medication adherence is defined as the degree to 
which patients follow prescriber recommendations in 
starting, implementing, and discontinuing pharmacologic 
treatment.40 Medication nonadherence can take on many 
forms, including missing doses, taking incorrect doses, not 
having a prescription filled, taking a medication at the 
wrong time, or discontinuing therapy before all of the 
prescribed medication has been taken.41 Depending on 
the class of medication, it is estimated that 13% to 26% 
of patients do not fill their first new diabetes prescriptions 
within 30 days of the prescription fill date.42 The causes 
of medication nonadherence are often complex and mul-
tifactorial, and may be related to the patient, the health-
care provider, and/or a specific treatment. In addition, the 
patient’s decision to deviate from the agreed course of 
action may be intentional or unintentional.41

This seemingly intractable problem represents a major 
public health concern, with many adverse consequences 
at the individual and societal levels. The rates of medica-
tion nonadherence vary with different disease states,43 but 
are especially high among patients with chronic diseases, 
averaging approximately 50% in developed countries.44 
Patients with chronic diseases, such as diabetes, typically 
require long-term medications to control symptoms and 
to prevent complications, and they must often make sig-
nificant behavioral changes to remain adherent to phar-
macotherapy and lifestyle modifications.45 However, only 
approximately 15% to 25% of patients improve their 
health practices after their disease diagnosis, suggesting 
that it is difficult for the majority of patients to successful-
ly integrate these changes into their lives.45,46 

Nonadherence to pharmacotherapy has been shown 

to reduce productivity and to increase disease morbidity, 
mortality, physician office visits, hospitalizations, and 
admissions to nursing homes.47 Elderly patients may be 
particularly susceptible to the adverse effects of nonad-
herence, and data indicate that 10% of hospital admis-
sions and up to 23% of nursing home admissions may 
result from medication nonadherence.48 Furthermore, it is 
estimated that nonadherence to prescribed medications 
results in treatment failure in 30% to 50% of the cases 
and is responsible for nearly 125,000 deaths annually.49,50 

The Burden of Nonadherence to Antidiabetes Therapy
The rates of nonadherence to type 2 antidiabetes med-

ications are relatively similar to the corresponding rates 
for other chronic diseases,51 and despite the introduction 
of several new classes of antidiabetes therapies in the past 
decade, suboptimal glycemic control and medication 
nonadherence remain major concerns. Nonadherence is 
prevalent among all antidiabetes medications, and ap-
proximately 50% of new diabetes medication users fail to 
consume at least 80% of prescribed doses during their first 
year of therapy.52,53

The individual and health system consequences of 
medication nonadherence are substantial. At the patient 
level, medication nonadherence is associated with poor 
HbA1c control and with diabetes disease progression.54 
Furthermore, nonadherence to antidiabetes medication is 
associated with a significant increase in mortality.54 

At the health system level, medication nonadherence 
increases the resource utilization and healthcare costs. In 
one analysis, nonadherence to oral antidiabetes medica-
tion was associated with a risk of hospitalization of up to 
2.5 times higher than that of adherent patients, after ad-
justing for demographics, disease severity, and comorbid 
conditions (Figure 3).55 

In terms of healthcare costs, Sokol and colleagues sought 
to quantify the impact of medication adherence on the total 
healthcare costs among patients with diabetes and ischemic 
heart disease. The authors found that nonadherent pa-
tients were responsible for nearly double the yearly mean 
patient healthcare costs of adherent patients ($16,499 vs 
$8886).56 In addition, Balkrishnan and colleagues estimat-
ed that each 10% increase in medication adherence results 
in a mean decrease of 28.9% in healthcare costs.57 

Furthermore, an analysis by Egede and colleagues 

Figure 3   Impact of Adherence to Oral Antiglycemic Drugs on
  Hospitalization Risk, 2001

Source: Lau DT, Nau DP. Oral antihyperglycemic medication nonad-
herence and subsequent hospitalization among individuals with type 2 
diabetes. Diabetes Care. 2004;27:2149-2153. 
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Table   Summary of Interventions Designed to Promote Medication Adherence in Patients with Type 2 Diabetes

Study 
[Sponsor] 

Nature of 
intervention 

Impact on 
nonadherence Findings Limitations

Antoine 
(2014)a

Coaching by 
pharmacist

No impact US studies identified by the systematic 
literature review found no impact of 
pharmacist intervention on adherence  
• Grant (2003): Very high rates of self-
reported adherence with and without 
pharmacist intervention 
• Odegard (2005): Also no impact on 
HbA1c control

• Limited number of RCT 
studies available for the review 

O’Connor 
(2014) 
[Geisinger]

Diabetes 
mellitus 
educator or 
pharmacist- 
scripted call

No impact No improvement in first fill with 
intervention observed during RCT  
(10%-20% of patients do not fill first 
new diabetes mellitus medications)

• No assessment of adherence 
response beyond first fill 
• Small sample/limited 
representativeness (2378 
patients, single payer)

Magee 
(2014) 
[Sanofi]

3-month 
education 
program on 
adherence 

Improved 
likelihood of 
high adherence 

Odds of “high adherence” multiplied  
by 3.75 at month 3 (patient scale 
assessment, not based on actual 
prescription claims)

• No control arm 
• Nonrandomized study 
• Self-reported adherence 
measure (using MMAS-4 
screening tool) 
• Representativeness may be 
limited (intervention in 
hospitalized patients with 
severely uncontrolled diabetes,  
a majority of African American 
women)

Elliot 
(2013) 
[CCHS]

Copayment 
waiver

From 41% to 
17.5% after  
12 months 
(cost-related 
only)

Intervention helped reduce cost-related 
nonadherence, but patients experienced 
no change in HbA1c, HCRU, or 
healthcare costs

• No control arm 
• Study did not provide 
estimates of impact on 
nonadherence due to reasons 
other than cost 
• By its nature, copayment 
waiver will remove perception of 
non-adherence being cost-
related, but overall nonadherence 
may not have been impacted 
• Self-reported adherence measure

Wertz 
(2012) 
[Kroger, 
BCBS OH, 
Novartis]

Copayment 
support 
(>$500) and 
pharmacist 
coaching

From 22% to 
14% after  
12 months 
(estimated as 
1-PDC)

• Intervention helped improve adherence 
to noninsulin antidiabetic agents, 
reducing HbA1c from 7.9% to 7.1% 
• However, medical costs increased more 
for the intervention versus control 
cohort (+33.2% vs +20.8%—even 
without considering cost of intervention)

• Nonrandomized study (control 
based on retrospective matching) 
• Kroger employees may be 
particularly sensitive to pharmacy 
intervention 

Schmittdiel 
(2009) 
[Kaiser]

Nurse-led 
integrated  
CM program

No impact After 12 months:  
• % of adherent patients was not 
significantly different for the CM vs 
matched control patients 
• However, HbA1c levels of CM 
patients were 0.3% lower than that  
of their controls after multivariate 
adjustment (P <.01)

• Nonrandomized study (control 
based on retrospective propensity 
score matching)

aLiterature review of systematic randomized controlled clinical trials.
CM indicates care management; Hb, hemoglobin; HCRU, healthcare resource utilization; MMAS, Morisky Medication Adherence Scale; 
PDC, proportion of days covered; RCT, randomized controlled trial.
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supported the hypothesis that improved adherence to 
antidiabetes medications could result in substantial 
cost-savings, showing that the inpatient costs for non-
adherent patients with type 2 diabetes were 41% higher 
compared with that of adherent patients.58 Nationally, 
it was estimated that improved adherence to diabetes 
medications would result in the estimated annual 
cost-savings that ranged from approximately $661 mil-
lion to $1.16 billion.58 

Addressing Barriers to Antidiabetes Therapy 
Adherence: Unmet Needs 

That approximately half of patients with type 2 dia-
betes do not achieve glycemic control clearly indicates 
that an ongoing unmet need exists for therapeutic and 
interventional strategies that help to achieve and main-
tain glycemic control, reduce body weight, and decrease 
cardiovascular risk, while ensuring patient adherence 
to therapy.44 

A broad constellation of factors contribute to medica-
tion nonadherence in type 2 diabetes. For example, com-
munication gaps between patients and providers, includ-
ing insufficient or incomprehensible information or 
instructions, are frequently cited as reasons for medica-
tion nonadherence.59 In addition, social, cognitive, and 
personal factors may also limit adherence.59,60 Further-
more, side effects of certain antidiabetes medications may 
outweigh the perceived benefits, causing some patients to 
become nonadherent.59 In addition, patients may have 
difficulty affording their medications, which can lead to 
cost-related nonadherence.59,61 

In type 2 diabetes, treatment regimens are often com-
plex––comprising different drugs with different routes of 
administration and different dosing schedules.59,60 Be-
cause type 2 diabetes is a chronic, progressive disease, 
these therapies must be taken long-term, and sometimes 
lifelong, to benefit the patient. However, medication ad-
herence to all chronic disease medications, including di-
abetes, tends to decrease over time.62 

Odegard and Gray conducted a study to characterize 
the barriers to adherence and medication management 
for adults with poorly controlled type 2 diabetes––de-
fined as HbA1c levels of 9% or higher––and to identify 
specific adherence characteristics that are associated 
with poor diabetes control.60 The most common adher-

ence challenges included paying for medications (34%), 
remembering doses (31%), reading prescription labels 
(21%), and obtaining refills (21%). The researchers 
found that the dosing frequency (P = .02), defined as 
taking more than 2 doses of diabetes medication daily, 
and difficulty reading the antidiabetes medication pre-
scription label (P = .04) were significantly associated 
with higher HbA1c levels compared with other baseline 
characteristics, such as the number of prescribed medica-
tions or side effects.60

Efforts to Promote Medication Adherence  
in Type 2 Diabetes

Because healthcare decision makers recognize that 
medication nonadherence is a critical barrier to achiev-
ing and maintaining glycemic control, they are invest-
ing in a variety of initiatives to improve adherence to 
therapy among patients with diabetes. Interventions 
include pharmacist coaching programs,59,63 telephonic 
support,64 hospital-based adherence education,65 inte-
grated care management programs,66 and financial in-
centives.61,63 Several studies have attempted to assess 
the effectiveness of antidiabetes medication adherence 
programs (Table).59,61,63-66

As the studies in the Table highlight, heterogeneous 
approaches have been used and tested to improve adher-
ence to antidiabetes medications by researchers and by 
payers.59,61,63-66 Some studies suggest that these interven-
tion programs are effective at improving adherence, but 
other studies find no such evidence.59,61,63-66 However, 
the benefits of these intervention programs are modest 
compared with the level of nonadherence observed in 
real-world clinical practice. In addition, the quality of 
the studies that assess these intervention programs are 
predominantly low. For example, few studies used ran-
domized intervention design, and several studies did not 
have a control arm. In addition, many studies relied on 
self-reported adherence measures as opposed to actual 
medication use, which is likely to bias responses toward 
higher adherence in patients who received the interven-
tion compared with patients who did not receive the 
intervention.59,61,63-66 

The limited degree of success associated with different 
interventions indicates that unmet needs remain in con-
ceptualizing, developing, and implementing effective 
strategies to improve medication adherence in patients 
with type 2 diabetes. Complex and coordinated strategies 
that involve physicians, nurses, and case managers may 
require substantial cost and resource commitment.67 

Simplifying Treatment Regimens 
Complex treatment regimens can lead to patient con-

fusion about dosing instructions and to a lack of certainty 

Healthcare decision makers are investing in  
a variety of initiatives to improve adherence 
to therapy among patients with diabetes.
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about drug effectiveness, ultimately increasing the risk for 
medication nonadherence.41,59,68 

There may be opportunities to simplify treatment reg-
imens for patients with diabetes and with associated car-
diometabolic diseases, especially for elderly patients. Far-
rell and colleagues reported on the implementation of a 
systematic approach to streamline a complex treatment 
regimen in an elderly patient with multiple chronic co-
morbidities.68 Medications that did not deliver a clear 
therapeutic benefit were discontinued, along with drugs 
that increased the risk for adverse drug reactions. In addi-
tion, fixed combination formulations and agents with 
once-daily dosing were used to further reduce the pill 
burden.68 The authors concluded that these strategies 
were effective in managing polypharmacy, reducing the 
pill burden, and improving medication management, and 
recommended adopting these interventions in the broad-
er patient population.68 

Although the medical literature is not equivocal, evi-
dence suggests that reducing the pill burden can improve 
adherence. In a retrospective study of oral antihypergly-
cemic medications, Donnan and colleagues reported that 
the administration of 1 tablet daily was associated with 
greater adherence than multiple tablets.69 Patient feed-
back echoes this finding, and, in a recent study, patients 
reported that they would be more likely to remain adher-
ent to type 2 diabetes medications if their dosing was 
simplified and their pill burden was reduced.70 

Reducing Side Effects of Antidiabetes Drugs
Some antidiabetes therapies are associated with side 

effects that may cause patients to take lower-than-pre-
scribed doses or skip doses, resulting in poor glycemic 
control. For example, because of their mechanisms of 
action, sulfonylureas and meglitinides are associated with 
hypoglycemia, and thiazolidinediones and sulfonylureas 
frequently cause weight gain.71 

Evidence indicates that weight loss may play a role in 
promoting medication adherence in type 2 diabetes. 
McAdam-Marx and colleagues conducted a retrospective 
cohort study of patients with type 2 diabetes who were 
treated in a managed, integrated-care setting; the authors 
reported that a weight loss of ≥3% was associated with 
reaching HbA1c target of <7.0% after starting a newly 
prescribed class of antidiabetes medications72; this finding 
corroborated data from a previous longitudinal study that 
found an association between weight change and glyce-
mic control.73 In addition, the researchers found that 
self-reported adherence to diabetes medication was also 
associated with a weight loss of ≥3%.72 Although the 
initial findings have been positive, additional research is 
needed to establish a definitive link between weight loss, 
medication adherence, and glycemic control. 

The Future of Type 2 Diabetes Care
Nonadherence to medications that are prescribed for 

chronic illnesses, including diabetes, remains a major 
public health issue across the globe.3 In type 2 diabetes, 
nonadherence is strongly associated with poorer glyce-
mic control, increased hospitalizations, and increased 
mortality.54,55,58 

Despite the myriad efforts to address medication non-
adherence, the majority of interventions that promote 
adherence have had limited sustained success and have 
not been cost-effective.59,61,63-66 Therefore, an unmet need 
clearly remains for innovative solutions to improve ad-
herence to antidiabetes medication. 

A number of issues should be taken into account when 
considering potential approaches for improving adher-
ence to antidiabetes medications. With any self-adminis-
tered medication, it is ultimately the patients’ responsibil-
ity to take the drug as prescribed by their healthcare 
provider. Patients may diverge from the prescribed regi-
men for a host of cognitive, cultural, psychosocial, and 
financial reasons. Perhaps an ideal solution would be to 
relieve patients of their adherence burden and allow 
them to concentrate on other issues that may be affecting 
their lives. This could be accomplished through a long-
term drug delivery device that would eliminate the need 
for day-to-day decision-making by the patient. 

A long-term drug delivery device could be coupled 
with a therapeutic agent that has demonstrated proved 
efficacy, safety, and improved outcomes. Optimally, this 
agent should deliver sustained reduction in HbA1c levels, 
result in minimal weight change, and have a favorable 
side effect profile to minimize the chance of discontinua-
tion. In addition, the agent must have the ability to be 
delivered through a long-term delivery device. 

Glucagon-like peptide (GLP)-1 receptor agonists rep-
resent an important therapeutic option for many patients; 
these agents have demonstrated efficacy in achieving 
glycemic control and weight reduction in patients with 
type 2 diabetes.74,75 In long-term studies with GLP-1 re-
ceptor agonists, glycemic control and weight loss were 
maintained, and the incidence of new-onset side effects 
remained low after up to 3 years of therapy.76-79 

However, the injectable administration and the fre-
quent dosing that is required of GLP-1 receptor agonists 
may negatively impact patient tolerability, adherence, 

A long-term drug delivery device could 
eliminate the need for day-to-day  
decision-making by the patient.
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and persistence during long-term treatment, which, in 
turn, may result in suboptimal outcomes and increased 
healthcare costs.51,54,58 

The use of external insulin pumps to continuously 
administer insulin, a relatively recent practice in type 2 
diabetes, has been touted as an alternative to multiple 
daily injections.80 Although data from randomized clini-
cal trials remain limited, longitudinal data suggest that 
continuous insulin administration may be advantageous 
in patients with severe insulin resistance and poor glyce-
mic control.80 However, because of complicated handling 
requirements, current pumps require comprehensive and 
detailed education programs, which may limit the popu-
lations that could benefit from their use.80 

The development of a novel, noninsulin long-term 
drug delivery system that delivers a GLP-1 receptor ago-
nist could represent a reasonable approach to administer-
ing therapeutic agents that require frequent oral dosing 
or injections. Optimally, such a device should maintain 
long-term drug stability and ensure consistent and timely 
delivery of therapeutic agents for an extended time, while 
providing built-in adherence advantages over current in-
jectable formulations. 

The combination of an antidiabetes agent, such as a 
GLP-1 receptor agonist that is approved by the US 
Food and Drug Administration and with well-estab-
lished efficacy and safety profiles, and a long-term drug 
delivery device could serve as an effective component 
of a broad intervention strategy to improve medication 
adherence in patients with type 2 diabetes and help to 
achieve glycemic control (in accordance with patients’ 
treatment goals), delay disease progression, and im-
prove favorable outcomes. n
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