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Type 2 Diabetes:

Understanding

Disease Impact

and Evaluating Emerging
Treatment Options

betes, 90% to 95% have type 2 diabetes." This First

Report®, which is based on a recent continuing educa-
tion teleconference series, will provide important information
about effective methods of improving diabetes management
through a review of the growing clinical and economic burden
of type 2 diabetes, the impact of effective diabetes manage-
ment on patient health and healthcare costs, the safety and
efficacy of various pharmacotherapies, the limited success of
conventional treatments, and the potential of new medica-
tions to improve outcomes.

Of the 20.8 million Americans estimated to have dia-

CLINICAL AND ECONOMIC BURDEN

Between 1994 and 2004, the prevalence of diabetes in the US
population increased dramatically. By 2004, the majority of
the states had diabetes prevalence rates of 6% or greater.’
According to the Centers for Disease Control and Prevention,
in the United States approximately 7% of the total population,
nearly 10% of adults, and more than 20% of individuals age
60 and older, have diabetes.!

Diabetes is associated with substantial morbidity and mortal-
ity. Comorbidities include microvascular conditions such as
nephropathy and retinopathy; neuropathy; and macrovascular
conditions such as myocardial infarction (MI), congestive
heart failure, stroke, and peripheral arterial disease. Diabetes is
associated with a 2-fold increase in mortality risk and a 2- to
4-fold increase in risk of death from heart disease.’

The US expenditures attributable to diabetes reached $132 bil-
lion in 2002 Of these costs, 42% were associated with insti-
tutional care, 30% with indirect costs (including premature
mortality, absenteeism, and loss of productivity), 15% with

outpatient care, and 13% with medication and supplies.’ By
2020, costs are projected to reach $192 billion annually.?

PATHOPHYSIOLOGY

Patients with type 2 diabetes have at least a relative defect in the
ability to secrete insulin from their beta cells, and the vast
majority also have a resistance to the action of insulin. The beta-
cell defect generally progresses over time. In the United
Kingdom Prospective Diabetes Study (UKPDS), beta-cell func-
tion had decreased to about 50% of normal at the time of diag-
nosis of diabetes and continued to decline despite therapy with
diet, metformin, or sulfonylureas.* As the severity in loss of beta-
cell function progresses, so does the severity of the disease.

Another component of the pathophysiology of type 2 diabetes
is an abnormality in glucagon secretion. In response to a high-
carbohydrate meal, individuals without diabetes exhibit a
prompt increase in insulin secretion and a decline in glucagon
secretion. Both decrease hepatic glucose production by the
liver in the postprandial period.” As a result, there is only a
modest increase in glucose in response to the meal. In con-
trast, individuals with diabetes have a delayed and diminished
insulin response to a carbohydrate meal; glucagon does not
decline and may even increase, and as a result there is an exces-
sive glycemic excursion.’ An infusion of insulin can remediate
the prandial plasma insulin profile but will not correct the
glucagon abnormality.

In nondiabetic individuals, an oral glucose load results in an
insulin response that is up to 3 times greater than when the
same subjects are given an intravenous glucose infusion to
exactly match the plasma glucose levels seen with the oral
load. This phenomenon, termed the “incretin effect,” is
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defined as the difference in insulin response to oral versus
intravenous glucose loads.® In patients with type 2 diabetes,
the incretin effect is diminished or absent.

Two gastrointestinal peptides that have been identified as
incretins are glucose-dependent insulinotropic peptide (GIP)
and glucagon-like peptide-1 (GLP-1). Secretion of both incre-
tins appears to be impaired in type 2 diabetes. GLP-1 has been
the best studied of the incretins and is a more attractive thera-
peutic target, as there appears to be resistance to GIP in type 2
diabetes. GLP-1 enhances insulin secretion and diminishes
glucagon secretion in a glucose-dependent manner (generally
enhances insulin secretion and decreases glucagon secretion
only when glucose levels are above normal). GLP-1 also slows
gastric emptying (which is often accelerated in type 2 dia-
betes), enhances satiety, and decreases food intake.

Evidence of diabetes-related GLP-1 deficiency was obtained
from a study in which 54 type 2 diabetes patients, 33 matched
control subjects with normal glucose tolerance, and 15
unmatched subjects with impaired glucose tolerance had GLP-
1 levels measured during a 4-hour mixed-meal test. A signifi-
cant GLP-1 deficiency 60 minutes after the meal was noted in
patients with type 2 diabetes compared to nondiabetic partic-
ipants (P=.024).” Patients with impaired glucose tolerance
demonstrated a similar but not statistically significant GLP-1
deficiency.

BENEFITS OF IMPROVED DIABETES CONTROL

Several studies have demonstrated that lowering hemoglobin
A1C (A1C) reduces diabetes complications. The Diabetes
Control and Complications Trial (DCCT), which randomized
1441 type 1 diabetes patients to receive either intensive or con-
ventional insulin therapy for an average of 6.5 years between
1983 and 1993, found that an improvement in A1C from
9.1% in the conventional group to 7.3% in the intensive treat-
ment group was associated with a 63% decrease in retinopa-
thy, a 54% decrease in nephropathy, and a 60% decrease in
neuropathy.® Another randomized study of 110 insulin-treated
type 2 diabetes patients found that, compared to convention-
al therapy subjects, intensively treated subjects had a lower
A1C (7.1% compared to 9.4%), a 69% decrease in retinopa-
thy, and a 70% decrease in nephropathy.” The UKPDS report-
ed that a reduction in A1C from 7.9% to 7% with intensive
pharmacologic therapy compared to conventional diet thera-
py was associated with a 17% to 21% decrease in retinopathy
and a 24% to 33% decrease in nephropathy.”

In the Steno-2 trial, patients with type 2 diabetes and micro-
albuminuria were randomized into 2 groups: one group
received conventional treatment in accordance with national
guidelines, and the other received intensive treatment target-
ing hyperglycemia, hypertension, dyslipidemia, and microal-
buminuria, as well as secondary prevention of cardiovascular
disease with aspirin." The study reported a 53% reduction in
the occurrence of macrovascular diseases, including cardiovas-
cular death, nonfatal MI, coronary artery bypass graft, percuta-
neous transluminal coronary angiography, nonfatal stroke,

amputation, and bypass, as well as a 60% reduction in
microvascular diseases, in the intensive treatment group." This
study demonstrated the importance of treating the often
accompanying hypertension and dyslipidemia in type 2 dia-
betes patients as well as the benefits of aspirin and treatment
of microalbuminuria.

A recent report from the DCCT-Epidemiology of Diabetes
Interventions and Complications researchers provided follow-
up information many years after the end of the DCCT.
Compared to the conventional group, type 1 diabetes patients
assigned to intensive treatment in the DCCT had a 42%
decrease in risk for any cardiovascular outcome and a 57%
reduction in the risk for nonfatal MI, stroke, or death from car-
diovascular disease, even though during most of the follow-up
period there was little difference in the 2 groups’ A1C levels.”
There are 2 important messages from this study. Improving
glycemia will reduce the risk for macrovascular disease and,
while it is never too late to treat diabetes, the earlier the treat-
ment is begun, the greater the likely benefit because of an
apparent metabolic memory of good and bad control.

Furthermore, in an epidemiologic analysis of the UKPDS,
researchers found that every 1% decrement in A1C yielded a
21% reduction in diabetes-related death, a 14% reduction in
MI, and a 37% reduction in microvascular disease."

Since better glycemic control is associated with improved clin-
ical outcomes, lowering A1C may also reduce healthcare costs.
UKPDS researchers calculated that the intensive therapy pro-
gram cost £695 per patient but was associated with a £957
decreased cost of complications.'* An observational study by
Wagner et al compared patients who exhibited a 1% decrease
in AIC in the first or second year and maintained that
decrease through a third year of the study to patients who did
not have an improved A1C. In the subsequent 3 years, mean
total healthcare costs were reduced by $685 to $950 annually
in the improved A1C group."

Finally, data support that diabetes control leads to better qual-
ity of life. A study by Testa and Simonson compared placebo
and sulfonylurea treatment for 16 weeks and found that com-
pared to patients receiving placebo, patients who received
pharmacologic treatment not only improved their A1C levels
but also reported marked improvement in ratings of overall
health, mental health, cognitive function, perceived health,
and symptom distress."

NONPHARMACOLOGIC TREATMENT AND

EDUCATION
Because diabetes is a self-managed disease, diabetes education
and self-management training are crucial components of opti-
mal diabetes care and have been associated with enhanced
patient outcomes. For example, patients who entered the
Ochsner Diabetes Education Program with a baseline A1C of
8.6% were able to reduce their A1C to approximately 7% after
3 months and maintain that improvement through 6 months
(P<.001).”
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Table. Traditional Antihyperglycemic Therapy
Currently Used in the United States

Oral Agents Insulin
Nonsulfonylurea Basal
Secretagogues NPH
Repaglinide Glargine
Nateglinide Detemir
Alpha-Glucosidase Inhibitors Prandial
Acarbose Regular
Meglitol Aspart
Thiazolidinediones Glulisine
Lispro

Rosiglitazone

Pioglitazone Other Formulations
Sulfonylureas Premixed Human Insulins

Glimepiride Premixed Analog Insulins

Glipizide/Glipizide GITS

Glyburide

Metformin

GITS = gastrointestinal therapeutic system.

Nutrition therapy and appropriately prescribed physical activ-
ity are cornerstones of diabetes management. In a prospective,
randomized, controlled trial involving 179 patients, Franz et
al found that compared to patients with no nutrition educa-
tion, patients with either 1 or 3 visits to a dietitian were able
to significantly improve their A1C levels (P<.05)." A meta-
analysis of the effects of exercise on glycemic control and body
mass examined 12 aerobic and 2 resistance training studies;
A1C was 7.65% in the exercise groups compared to 8.31% in
the control groups, even though postintervention weight did
not differ significantly.”

TRADITIONAL TYPE 2 DIABETES
PHARMACOTHERAPY
Despite the value of lifestyle measures, most patients with type
2 diabetes will require pharmacotherapy in addition to
lifestyle measures in order to achieve glycemic goals.

Several oral monotherapeutic agents, as well as a variety of
subcutaneous insulins are Food and Drug Administration
(FDA)-approved for the treatment of type 2 diabetes. These
agents are listed in the Table. While all of these agents serve to
improve glycemic control, they work through various mecha-
nisms of action, including decreasing hepatic glucose produc-
tion, enhancing endogenous insulin secretion, and enhancing
insulin sensitivity. Insulin choice is guided by whether the
patient lacks an adequate basal effect, an adequate postpran-
dial effect, or both.

In clinical trials and in clinical practice, oral antidiabetic
agents have proven effective at reducing A1C levels in type 2
diabetes patients. In a double-blind, dose-response study in
which 451 subjects were randomized to receive an 11-week
course of placebo or metformin, metformin was shown to
reduce A1C by up to 2% compared to placebo.” In 2 prospec-
tive, randomized, double-blind, placebo-controlled trials
involving 347 subjects, the Glipizide Gastrointestinal
Therapeutic System (GITS) Study Group found that glipizide
GITS reduced A1C by 1.5% to 1.8% compared to placebo.”

Goldberg et al randomized 304 patients to receive either
placebo or glimepiride over 14 weeks and found that, com-
pared to placebo, glimepiride reduced A1C by up to 1.9%.” In
a double-blind clinical trial in which 408 patients were ran-
domized to receive placebo or pioglitazone administered once
a day for 26 weeks, researchers found that, compared to place-
bo, pioglitazone reduced A1C by 1% to 1.6%.* Lebovitz et al
randomized 493 patients to receive rosiglitazone or placebo
for 26 weeks, and found that rosiglitazone reduced A1C by
1.2% to 1.5% relative to placebo.* A 1-year, randomized, dou-
ble-blind study of outpatients with type 2 diabetes found that
repaglinide reduced A1C by 1% from baseline.”” Acarbose has
been shown to reduce A1C by 0.4% to 1.1% from baseline.***
A randomized, double-blind, placebo-controlled study con-
ducted in 289 patients found that nateglinide reduced A1C by
0.45% to 0.64% compared to placebo.”

Oral agents, like all medications, can be associated with some
adverse effects.” The sulfonylureas and nonsulfonylurea secre-
tagogues can cause hypoglycemia. Weight gain may occur with
the use of sulfonylureas, nonsulfonylurea secretagogues, and
thiazolidinediones. Thiazolidinedione use can increase the
risk of edema, and in rare cases, congestive heart failure.”
Metformin and the alpha-glucosidase inhibitors can have gas-
trointestinal side effects, and metformin use may cause lactic
acidosis, although the risk is extremely low as long as met-
formin is prescribed as recommended and is not prescribed to
patients with renal insufficiency or other conditions that
increase the risk for lactic acidosis.”

Insulin is the pharmacologic agent with the greatest glucose-
lowering capacity. Insulin use may be associated with episodes
of hypoglycemia. Weight gain may also occur with insulin use,
but can be diminished by combining insulin with metformin.

Attainment of Glycemic Goals with Conventional Therapy.
Unfortunately, despite the effectiveness of the oral antidiabet-
ic agents and insulin, most type 2 diabetes patients do not
achieve recommended glycemic goals. Saaddine et al reviewed
national population-based, serial cross-sectional surveys—the
National Health and Nutrition Examination Survey (1988-
1994 and 1999-2002) and the Behavioral Risk Factor
Surveillance System (1995 and 2002)—and found a non-
significant decrease in the number of patients with A1C >9%
and a nonsignificant increase in patients with A1C <7%.*
Furthermore, in the most recent of these surveys, almost 60%
of patients had not achieved an A1C <7%, and 20% had an
A1C >9%.* Similarly, in 2005, the American Association of
Clinical Endocrinology’s State of Diabetes in America report
noted that of more than 157,000 patients with type 2 diabetes
in 39 states, 67% had A1C values >6.5%.*

There are a number of reasons that most type 2 diabetes
patients do not achieve A1C goals, including the failure of cli-
nicians to adopt a treat-to-target approach, a frequent lack of
optimal systems of healthcare delivery, and failure of patients
to adhere fully to lifestyle and pharmacologic treatments.

While current therapies should be associated with better
results, these treatments do have a number of limitations.
Adverse events, such as weight gain noted above, can exacer-
bate comorbidities and inhibit adherence. In addition, most
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therapies fail to adequately control postprandial hyper-
glycemia, and wide glycemic fluctuations can persist despite
treatment.*” Finally, most therapies fail to maintain long-term
glycemic control.” In the UKPDS, after initial improvement,
A1C levels increased over time, regardless of the monotherapy
used.* In this study, gradual loss of glycemic control in
patients taking a sulfonylurea or metformin was associated
with progressive loss of beta-cell function.* Earlier and more
aggressive treatment that attains and maintains glycemic goals
as soon as possible may better preserve beta-cell function and
lead to more durable control of glycemia.

Oral Combination Therapy. Combining 2 or more oral agents
with different and complementary mechanisms of action can
result in improved glycemic control. Combination therapy
should be considered for type 2 diabetes patients who cannot
achieve a target A1C level on monotherapy and for patients
who present initially with an A1C > 8.5% to 9%.

One randomized, controlled trial showed that sulfonylurea
and metformin combination therapy yielded an average A1C
level of 7.1% compared to 8.7% with sulfonylurea alone.** A
double-blind study reported that sulfonylurea and pioglita-
zone combination therapy yielded an average A1C level of
8.7% compared to 9.9% with sulfonylurea alone.’* In both of
these trials, combining a secretagogue with a sensitizer result-
ed in improved glycemia. Clinicians can combine 2 sensitizers
since metformin has most of its glycemic effect by decreasing
hepatic glucose production and the thiazolidinediones
enhance insulin sensitivity primarily in muscle and adipose
tissue. A randomized, placebo-controlled trial comparing the
addition of rosiglitazone or placebo in patients not at goal on
metformin monotherapy resulted in a placebo-subtracted A1C
reduction of 1.2% for subjects receiving metformin plus 8 mg
of rosiglitazone.’

To enhance ease of administration and adherence, a number
of single-pill combinations are now available, including gly-
buride and metformin; glipizide and metformin; rosiglitazone
and metformin; pioglitazone and metformin; and rosiglita-
zone and glimepiride.

NEW PHARMACOTHERAPIES
New therapies recently approved or still in development may
be able to address some of the limitations of traditional ther-
apies. Newer therapeutic options include inhaled insulin and
incretin-related therapies.

Inhaled Insulin. Insulin human (rDNA origin) inhalation pow-
der is a dry powder formulation delivered by an oral inhalation
system. Inhaled insulin is more quickly absorbed and has a
more rapid glucose-lowering effect than subcutaneously inject-
ed regular human insulin. Its onset of action and glucose-low-
ering effect are similar to rapid-acting insulin analogues, but its
duration of action is similar to regular human insulin.* Insulin
human inhalation powder, approved in January 2006, is the
first FDA-approved inhaled insulin.* Several other inhaled
insulin products are currently in the development process. In
patients with type 1 diabetes, inhaled insulin should be used in
regimens that include a longer-acting or basal insulin. In
patients with type 2 diabetes, it can be used as monotherapy or
in combination with oral agents or longer-acting insulins.

Despite the value

In clinical trials, in-
haled insulin provid-
ed improved A1C con-
trol comparable to
subcutaneously inject-
ed regular human
insulin. A 6-month,
randomized trial ex-
amined type 2 dia-
betes patients treated
with premeal inhaled
insulin plus a bedtime
dose of ultralente in-
sulin compared to
those treated with at
least 2 daily injections

of lifestyle measures,
most patients with
type 2 diabetes will

require pharmacotherapy

in addition to lifestyle

of subcutaneous measures in order to
mixed regular/NPH

insulin.> While A1C _ :
decreased  similarly achieve glycemic goals.

in the 2 treatment
groups, the percentage
of patients who
achieved an A1C <7% was greater in the inhaled insulin group
(47% vs 32%).* A 12-week, active-control, open-label trial of
298 patients who did not achieve A1C goals on 2 oral agents
compared placebo to switching patients to inhaled insulin or
adding inhaled insulin to the oral agents. Reduction in A1C val-
ues was 0.2% in the placebo group, 1.4% in the inhaled insulin
group, and 1.9% in the inhaled insulin plus oral agents group.*
Inhaled insulin, either alone or combined with oral agents,
resulted in decreased fasting plasma glucose (-23 mg/dL on
inhaled insulin monotherapy, -53 mg/dL on combination ther-
apy), but increased body weight compared to oral agents alone
(2.8-kg increase with inhaled insulin monotherapy, 2.7-kg
increase with combination therapy).*

Inhaled insulin is contraindicated in patients who smoke or
who have discontinued smoking less than 6 months prior to
starting therapy and in patients with unstable or poorly con-
trolled lung disease.” Inhaled insulin is also not recommend-
ed in patients with underlying lung disease, such as asthma or
chronic obstructive pulmonary disease, because the safety and
efficacy of inhaled insulin in this population have not been
established.”" Hypoglycemia is the most commonly reported
adverse event with all insulin therapy, including inhaled
insulin. In clinical trials, treatment with inhaled insulin was
associated with very small, nonprogressive mean declines in
pulmonary function relative to comparator treatments, and
respiratory adverse events included cough, which tended to
occur within seconds to minutes after inhalation. The inci-
dence of cough decreased with continued inhaled insulin use.

Incretin-Related Therapies. The incretin GLP-1 has a number of
antihyperglycemic effects, including increasing endogenous
insulin secretion and decreasing glucagon secretion, both in a
glucose-dependent manner, slowing of gastric emptying, and
increasing satiety.*

Clinical use of native GLP-1 would be limited because it is rap-
idly degraded by the enzyme dipeptidyl peptidase-4 (DPP-4),
which breaks down GLP-1 within minutes. Continuous sub-
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cutaneous infusion of GLP-1, an unattractive therapeutic
approach, would be required for its clinical use.** Other
approaches to achieving GLP-1 effects include GLP-1 ana-
logues and receptor agonists (incretin mimetics) that resist
degradation, and agents that inhibit DPP-4 to increase the lev-
els of endogenous GLP-1.

Incretin mimetics have a much longer half-life than GLP-1 and
are administered via subcutaneous injection. The first FDA-
approved GLP-1-related agent, exenatide, is a synthetic analogue
of exendin-4 and a GLP-1 receptor agonist that binds to GLP-1
receptors.* Because it remains in plasma for up to 10 hours fol-
lowing subcutaneous injection, exenatide can be administered
twice daily.” It is advised that exenatide should be administered
within 60 minutes of 2 major meals that are at least 6 hours
apart. Exenatide mimics many of the properties of GLP-1. In a
2003 study, exenatide was found to increase insulin and signif-
icantly reduce fasting (P<.05) and postprandial (P<.0001) glu-
cose concentrations in patients with type 2 diabetes.*’

In 3 large phase 3 pivotal registration trials, exenatide 5 mcg or
10 mcg injected subcutaneously twice daily was compared to
placebo in type 2 diabetes patients who had not achieved ade-
quate glycemic control despite therapy with metformin and/or
a sulfonylurea. From a baseline A1C of 8.2% to 8.6%, exenatide
produced dose-dependent declines in A1C levels in all 3 stud-
ies.**** The 10-mcg dose produced a decrease in fasting plasma
glucose, an average 1% reduction in A1C, and a 1.1-kg weight
reduction when compared to placebo in these studies."**

A study by Heine et al compared the addition of exenatide or
insulin glargine in type 2 diabetes subjects suboptimally con-
trolled with metformin and a sulfonylurea. Exenatide and
insulin glargine achieved similar reductions in A1C.”" Patients
on exenatide experienced a weight loss of 2.3-kg, compared
with a 1.8-kg weight gain in insulin-treated patients, but gas-
trointestinal symptoms were greater in the exenatide group.™

Individuals who received exenatide in addition to metformin
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experienced no greater occurrence of hypoglycemia than those
on placebo, which is what one would anticipate with an agent
that enhances insulin secretion in a glucose-dependent man-
ner.* Hypoglycemia risk increased when exenatide was added
to a sulfonylurea.*** Therefore, clinicians should consider ini-
tial reduction of the sulfonylurea dose prior to adding exe-
natide to sulfonylureas either alone or in combination with
metformin.

Nausea is the most frequently observed adverse event associat-
ed with exenatide.”” In a 30-week, double-blind, placebo-con-
trolled study of 733 subjects, twice-daily doses of 5 mcg and
10 mcg of exenatide were associated with nausea related dis-
continuation rates of 2% and 4%, respectively.”> Most episodes
are mild to moderate in intensity, are intermittent, and tend to
decrease over time with continuation of therapy.”

Another incretin mimetic, liraglutide, is a GLP-1 analogue that
modifies the GLP-1 molecule so that it lasts longer in plasma.
This agent is currently in phase 3 trials. Incretin enhancers, or
DPP-4 inhibitors, are still under investigation or awaiting an
FDA approval decision. These agents block the enzyme that
breaks down GLP-1 and enhance endogenous GLP-1 levels.
Two incretin enhancers, vildagliptin and sitagliptin, are await-
ing an FDA approval decision; several others are in Phase 2 or
3 clinical trials.

CONCLUSION

Type 2 diabetes has reached epidemic proportions, resulting
in a considerable clinical and economic burden. Unfor-
tunately, most patients with diabetes do not achieve treatment
goals, and conventional treatments are often associated with
weight gain, postprandial hyperglycemia, hypoglycemia, and
progressive loss of glycemic control, beta-cell function, and
mass. However, recently developed therapies, and others still
in development, may address some of these presently unmet
needs and help a greater number of patients achieve desired
treatment goals. n
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Despite the frequent lack of recognizable symptoms, long-
term maintenance of glycemic control in patients with type
2 diabetes is necessary to prevent complications over time.
There are many barriers to effectively treating type 2 dia-
betes and maintaining long-term glycemic control. In addi-
tion to adjusting to an often complex medication regimen,
effective diabetes management also requires complex
behavioral changes for many patients.

In my clinical experience, lack of education is rarely the
major reason for nonadherence and, as a result, failure to
meet glycemic goals. Most importantly, the patient must
share the clinician’s objective to achieve blood glucose con-
trol goals. This alignment is of critical importance. Choosing
the “wrong” drug is not usually one of the main reasons for
failure to reach glycemic goal; the pharmacologic agents for
diabetes (excluding insulin) are all of approximately equal
efficacy. Failure to increase drug dose to the maximum is
likewise not a dominant reason for inadequate glycemic
control, as titrating any drug to maximal dose has a very
modest incremental effect.

Failure to meet glycemic goals is greatly impacted by the
clinicians willingness to alter treatment strategies in order to
obtain the greatest benefit for the individual patient. In the
experience of many clinicians, the failure to add additional
drugs to implement combination therapy is the major rea-
son for failure to reach goal.

Additional reasons patients fail to meet goals and/or comply
with pharmacologic treatment are the complexity and costs
of drug therapy and the occurrence of side effects. While
side effects can usually be managed by a change in drug or
dose, clinicians have less influence on issues related to the
cost of treatment. In order to successfully treat type 2 dia-
betes, clinicians must address all of the factors that affect
compliance.

IMPLEMENTING ADVANCES IN CARE

Combination Therapy. Because of the limited efficacy of
available individual drugs, many patients require multiple
drugs in combination. In order to achieve the best level of
glycemic control, clinicians will often need to select drugs
from different classes with complementary mechanisms of
action. Clinicians are increasingly accepting combination
therapy as the standard of type 2 diabetes care. While a
higher number of patients are now being treated with com-
binations compared to several years ago, this change is
occurring at a much slower than ideal pace.

Greater efficacy, with fewer side effects, may be achieved by
using several drugs in less than maximal doses, rather than
a single drug at maximal dose. In some cases, the newer sin-

gle-pill combination medications offer a way to achieve this
goal while minimizing the cost and complexity of the treat-
ment regimen.

It is well known that patients with type 2 diabetes who are
using older drugs such as metformin and sulfonylureas may
have a progressive deterioration in control despite consistent
drug therapy. This phenomenon occurs as a result of pro-
gressive beta-cell dysfunction, rather than true drug failure.
Some of the newer agents may slow, or even reverse, beta-
cell dysfunction and thereby prevent progressive deteriora-
tion in control.

Newer agents, such as incretin mimetics and the investiga-
tional incretin enhancers, may also have other benefits. While
practicing clinicians are beginning to accept these incretin
mimetics into their prescribing practices, it remains to be seen
in clinical trials if the need for injections will be a barrier to use.
Inhaled insulin, equal in efficacy to injectable, premeal, rapid-
acting insulin analogues, offers a novel route of insulin deliv-
ery that may be more acceptable to some patients.

IMPACT OF MANAGED CARE FORMULARIES
Managed care organizations can facilitate pharmacologic
management of type 2 diabetes by providing physicians
with a broad-based diabetes formulary. This represents a
challenge, however, since additional drugs will inevitably
result in increased drug costs, while the cost savings from
improved control will generally not accrue for many years.
Requiring use of older, less costly drugs, such as metformin,
first in appropriate patients is not unreasonable. However,
newer and more expensive drugs should be available for
subsequent use in combination regimens. As always, deci-
sions about formulary placement represent a balance
among efficacy, safety, and cost.

Exenatide is an example in our organization of a newer,
more expensive drug that can only be used after a patient
has failed to reach treatment goals with metformin or a sul-
fonylurea (consistent with Food and Drug Administration
labeling). Exenatide is then available at a “preferred brand”
(tier 2) copayment. Inhaled insulin does provide an added
benefit in its mode of administration for those patients with
compliance issues related to subcutaneous medications.
Nonetheless, it has not been shown to offer an efficacy ben-
efit over insulin injections, and also has additional safety
concerns and contraindications related to pulmonary dis-
ease. Given these issues, the additional costs associated with
inhaled insulin may well result in restrictive formulary place-
ment. Placing drugs such as these on high tiers with very
high copayments will unfortunately inevitably limit access
for many patients, making attainment of treatment goals
more difficult. n
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