
About this Program
Optimizing Insulin Use 
in Type 2 Diabetes 

It is well known that macrovascular and
microvascular complications are common
among patients with type 2 diabetes, and
research has shown that early diagnosis, 
initiation of therapy, and good glucose control
are linked directly to prevention or reduction
in progression of these complications.

Equally well known are the myriad of 
reasons why healthcare providers and their
patients with type 2 diabetes are hesitant to
initiate insulin therapy, including concerns
about hypoglycemia and weight gain, and
the fear and stigma associated with
injectable insulin. 

Insulin IDEAS (Innovations in Diabetes:
Emerging Approaches and Strategies™) 
is a continuing medical education (CME) 
initiative designed for endocrinologists,
internists and family physicians with heavy
caseloads of patients with type 2 diabetes,
and diabetes educators. The program features
a series of newsletters and telewebconfer-
ences that provide clinicians with a variety of
opportunities to explore the latest data on
optimizing insulin use in patients with type 2
diabetes and to translate that evidence into
effective clinical practice.

In addition to this issue, the CME-
approved newsletter—Clinical Update: Type
2 Diabetes Management—will be 
published in September and October.

The live, CME-approved telewebconfer-
ences will take place from June through
October 2006. The series is divided into 2,
case-based courses of 30 meetings each.
Course 1: Rationale for Use of Insulin Early
in the Course of Type 2 Diabetes illustrates
the case of a woman who recently was
diagnosed with diabetes and whose 

We have entered an era of recognition
that better metabolic control of

diabetes results in significantly reduced
risks for both microvascular and macro-
vascular complications.

Less recognized but also very important,
is a growing body of evidence that early
insulin replacement may induce beta cell
“rest” and preserve beta cell function and,
equally important, also may reduce 
cardiovascular risk. These fundamental 
benefits of insulin eventually may trans-
form the insulin therapy paradigm in type
2 diabetes, assuming they are confirmed in
further studies.1 Nevertheless, as physicians
and patients struggle to achieve increasingly
stringent glycemic targets, it is time to 
recognize that the earlier implementation 
of insulin therapy is an idea whose time 
has come.

Patterns and timing of insulin use in type
2 diabetes have changed minimally or not

at all in the past 20 years, as demonstrated
by National Health and Nutrition
Examination (NHANES) data from 
1988-1994 and 1999-2000 (Figure 1).2

These patterns persist despite the develop-
ment of insulin analogues that more closely
mimic natural physiologic response than
older insulins and despite substantial 
clinical experience with structured insulin
dosing algorithms using basal, basal-bolus,
and premixed insulins.

The plateau in insulin use likely reflects
clinical inertia coupled with physicians’
dependence on the traditional type 2 dia-
betes stepwise treatment paradigm in which
lifestyle therapy is followed by a single oral
agent selected from one of many approved
classes of antidiabetic agents. With progres-
sion of the disease, a second oral agent 
typically is added, sometimes followed by a
third agent, or the practitioner may decide
to add insulin. As a result, patients starting
insulin tend to have relatively advanced 
diabetes.

A recent study evaluated the addition of
low-dose insulin glargine versus maximum-
dose rosiglitazone in patients on combined
sulfonylurea and metformin therapy. These
patients had type 2 diabetes for an average
of 8 to 9 years and mean baseline A1C lev-
els of ~8.8%. Both treatments resulted in
similar A1C improvements of -1.7% and 
-1.5%, respectively. However, when baseline
A1C levels were ≥9.5%, significantly greater
reductions were seen with insulin glargine
than with rosiglitazone.3

The demographics of this study are 
typical of most clinical trials evaluating
insulin preparations. For instance, entry 
criteria call for baseline A1C levels between
7.5% and 10.5%; mean A1C levels are 
typically between 8.5% and 9.0%, and as a
result, participants tend to have had dia-
betes for nearly a decade before insulin use
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is even considered.
What does this mean? First, glycemic

control has been allowed to deteriorate by
too much in these patients. They have
accrued several years of hyperglycemic 
burden and presumably significant beta cell
loss. Second, when physicians consistently
see reports in clinical trials that insulin 
therapy is started only when A1C levels
reach this point, they internalize the mes-
sage that this is reasonable—and perhaps
unavoidable—practice. Last, waiting this
long to start insulin therapy leads to higher
insulin requirements, regardless of the 
regimen used, and the need for more 
complex regimens.

Clinical inertia and delays in 
therapeutic transition
The reasons why insulin use is delayed are
well documented. Physicians are concerned
about the additional resources needed to
train and manage patients. Patients are con-
cerned about self-injection pain, lifestyle
restrictions, and the perception that insulin
use means their health has worsened beyond
repair. Both physicians and patients are con-
cerned about the risks of hypoglycemia and
weight gain.4

The recently published Diabetes Attitudes,
Wishes, and Needs (DAWN) study, a multi-
national survey of both healthcare providers
and patients, found that US physicians and
nurses prefer to delay insulin use for as long
as possible. At the same time, they found that
patient’s generally do not consider insulin an
effective therapy, the one exception being
among patients whose diabetes was relatively
advanced.5 Clearly, knowing what contributes
to insulin underuse does not easily translate
into changed attitudes or treatment plans.

The concept of clinical inertia—the time
that elapses between the recognition of a
patient’s problem and the point at which
treatment is initiated—has taken hold in
type 2 diabetes time-to-treatment transition
analyses.6 In 2004, Brown and colleagues
evaluated a large Kaiser Permanente
Northwest population with type 2 diabetes
(N=7208 courses of treatment over 8 years).
They found that even these “well-controlled”
patients accumulated literally years of hyper-

glycemic burden.
This was assessed by
averaging the time
elapsed between
treatment failure
and restoration of
normoglycemia in
the context of the
type 2 diabetes step-
wise treatment
model. For exam-
ple, patients experi-
enced a mean lapse
of 8.6 A1C-months
between lifestyle
therapy failure and
the transition to a
single oral agent.
Individuals failing combination drug therapy
spent 29.9 A1C-months with uncontrolled
A1C. Overall, patients spent a mean of
5 years with A1C levels >8%, and 10 years
with A1C levels >7%.7 This clinical hesitancy
in moving to more aggressive treatment has
been confirmed in other studies.6,8

This year, the American Diabetes
Association (ADA) has modified its A1C 
target. The goal, which is derived from 
interventional studies, remains <7%. Based
on epidemiologic evidence, however, the new
recommendation for individual patients is
<6% (as long as this does not cause unwant-
ed side effects such as hypoglycemia).9 A1C-
lowering is now a “moving target” in type 2
diabetes management; the goal ultimately
established will depend on the results of
several, ongoing, large-scale trials including
the Action to Control Cardiovascular Risk 
in Diabetes (ACCORD) and the Outcome
Reduction with Initial Glargine Intervention
(ORIGIN) studies.10 Each of these trials is
evaluating the effect on CV outcomes of
therapy directed toward achieving lower
glycemic targets. It is certain that new 
strategies will be needed to maintain A1C
levels <7%.

Initiating insulin:
Options and strategies
The timing of insulin initiation should be a
function of glucose goal targeting and beta
cell preservation, not a function of type 2
diabetes duration. Ideally, progression
through oral agents should take no longer
than 2 or 3 years, so that beta cell reserves
are present at insulin initiation.

To illustrate, consider a typical case—a
patient who started oral agents 6 years ago
and is failing metformin and sulfonylurea
therapy at maximally effective doses. This
patient’s A1C level has climbed gradually
from 7.3% to 8.7%. It is likely that this
patient would achieve an A1C of 7.3% or
7.4% on triple therapy—a level that is not
at target but also not generally perceived 
as high enough to justify adding insulin.
This is an example of clinical inertia,
during which the treating physician waits
for the patient’s A1C to rise before taking
the next step.

Supplemental basal insulin following
dual therapy failure might have resulted in
this patient achieving his/her A1C target.
The well-established, treat-to-target strate-
gies with insulin glargine—or, more recent-
ly, insulin detemir—offer clear strategies to
reach A1C targets in the 7% range, with a
lower risk for hypoglycemia than with
NPH.11,12 Premixed insulins are another
option, but may be less flexible and come
with an increased risk for hypoglycemia.13,14

Initiating insulin therapy to target post-
prandial hyperglycemia also is a validated
approach that has been shown to be safe
and effective—possibly more effective than
basal insulin at decreasing A1C. A pilot
study comparing the efficacy of metformin,
basal insulin, or prandial insulin added to
maximal sulfonylurea therapy in poorly
controlled patients found that patients
treated with prandial insulin experienced
greater A1C reductions compared with
those receiving metformin or basal insulin

Insulin Therapy in 
Type 2 Diabetes
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(P=0.025).15 The use of prandial insulin,
however, has not been widely implemented.
Arguably, this can be attributed to the need
for multiple daily injections, which could
pose a substantial burden for patients new
to insulin treatment.

Now there is another prandial insulin
option to consider—inhaled insulin—which
holds out the possibility of enabling earlier,
more flexible, and more patient-acceptable
insulin introduction than that associated
with currently available insulins. Several
studies have shown that patients receiving
inhaled insulin prefer this therapy and 
experience greater short- and long-term 
satisfaction compared with patients taking
subcutaneous insulin.16,17

A recent trial involving 309 patients with
type 2 diabetes on oral agent therapy with
baseline A1C levels of 8% to 11% compared
dry powder inhaled insulin added to exist-
ing oral agents versus inhaled insulin alone
or continued oral agent therapy alone.
Inhaled insulin significantly improved A1C
levels (-1.7% when added to oral therapy,
-1.2% when used alone; P<0.001). The
results were particularly striking in that
inhaled insulin showed a robust effect on
both postprandial and fasting plasma glu-
cose (PPG and FPG, respectively) (Figure 2),
with a mean 76 mg/dL decrease in PPG and
a mean 53 mg/dL decrease in FPG at 
12 weeks.18 These findings are consistent
with results obtained in other studies, as
well as with results obtained from a pilot
study evaluating injectable prandial 
insulin as initial insulin therapy following
sulfonylurea failure.15,19,20

This study design
challenges prevailing
treatment orthodoxy.
Instead of first target-
ing FPG and initiat-
ing insulin with a
basal or premixed
regimen, the
researchers targeted
PPG with a rapid-
acting dry powder
inhaled formulation
and found a
serendipitous effect
on FPG. The biologic
explanation for this
fasting effect is not
known.

As we progress towards more stringent
A1C targets, increased focus will be placed
on achieving A1C goals in patients who are
only reasonably well controlled—those with
moderately elevated A1C levels >7%. The
findings of this study indicate that it is rea-
sonable to consider moving beyond the
standard practice of targeting FPG as the
first step in insulin therapy. For some
patients, it may be reasonable to start insulin
treatment with prandial insulin, and inhaled
insulin may have particular advantages as a
prandial insulin.15,16,19,20 For these patients, it
is possible that one dose of inhaled insulin
prior to the main meal of the day may
reduce A1C by 0.4% to 0.5%. In patients
with higher initial A1C levels, 2- or 3-meal
coverage may be advisable. This mirrors the
approach currently taken by many practi-
tioners of initiating insulin with bolus thera-
py administered before the individual meals
associated with the highest PPG levels.21

Long-term studies to confirm the efficacy
of inhaled insulin, as well as to examine its
safety in certain patient populations (eg,
those with asthma and other pulmonary
conditions), are needed. It also remains the
case that, regardless of which insulin is 
used first, chances are good that most
patients with type 2 diabetes eventually 
will require a combination of basal and
postprandial insulin.

Conclusion
Time spent by patients at and above the
A1C threshold of 7% must always be
thought of as time spent accruing hyper-
glycemic risk. The past 5 years have seen the

development of insulin analogues that
more closely mimic healthy physiologic
response, and results from multiple trials
have provided physicians with safe, struc-
tured insulin dosing algorithms using both
basal and prandial approaches. Based on
the data and what is known about the natu-
ral history of type 2 diabetes, it is reason-
able to suspect that insulin added earlier in
disease progression will help decrease the
amount of time spent in poor glucose con-
trol. Early insulin also may slow diabetes
progression and provide CV benefit.

Although initiating insulin therapy with
once-daily basal insulin is the best approach
for many patients, some may benefit from
insulin initiation with prandial insulin.
Research has shown that prandial insulin,
both injectable and inhaled, leads to
decreases in both fasting and postprandial
glucose increments. This approach may be
useful particularly for patients with only
moderately elevated A1C levels, for whom
the addition of a new drug is not necessari-
ly appropriate, but who still need to lower
their glucose levels to target range. n
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The prevention and treatment of cardio-
vascular disease (CVD) in individuals

with type 2 diabetes is a medical challenge.
While advances in CVD prevention and
management have led to substantially
lower mortality rates in the population as a
whole, this decline has not crossed over to
the diabetic population.1 Insulin and anti-
hyperglycemic drug therapy are now used
to manage both acute hyperglycemia and
to provide adjunctive CVD prevention.
From a clinical standpoint, we have moved
into a territory where we must consider the
goals of diabetes management from 2 per-
spectives: that of an endocrinologist and of
a cardiologist.

What aspects of the diabetic disease
process are responsible for this unremitting
CVD risk?  Hyperglycemia is an obvious
culprit, although nonglycemic factors such
as endothelial dysfunction, inflammation,
thrombosis, and sympathovagal imbalance
also appear to play an important role.2 It is
well documented that elevated blood glu-
cose levels confer cardiovascular risk. The
United Kingdom Prospective Diabetes
Study (UKPDS) found a 16% overall CVD
decrease in participants assigned to inten-
sive therapy. While this finding was of bor-
derline statistical significance (P=0.052),3

the result was robust enough, in my view,
to consider it clinically significant. An epi-
demiologic follow-up study found that
myocardial infarction (MI) risk was signifi-
cantly associated with glucose levels, with 
a 14% risk reduction for every 1% decline
in A1C level.4

Thus, the case is strong for treating
hyperglycemia as a means of reducing
CVD risk. However, the tools in the arma-

mentarium are numerous, and the optimal
approach to achieving euglycemia is not
always clear. For this reason, it is critical for
physicians treating patients with diabetes to
gain a better understanding of available
strategies, to understand current evidence
regarding the independent effects of each
therapeutic drug class on CVD risk, and to
ascertain whether this impact is positive,
negative, or neutral.

Insulin
Insulin has been well studied with respect
to its impact on CVD risk reduction in 
diabetes. In addition to its effects on 
blood glucose lowering, insulin improves
endothelial function in patients with poorly
controlled type 2 diabetes.5 Insulin used to
achieve normoglycemia also protects
patients admitted to intensive care units
(ICU) from excess mortality.

In a seminal study, intensive glycemic
control achieved with insulin in the surgical

ICU resulted in a 32% reduction in mortal-
ity (P<0.04), even in patients without a
prior diabetes diagnosis. In this case, the
protective effect of insulin was particularly
notable among patients requiring ≥5 days
of hospitalization.6

A recent follow-up from the same
researchers found that intensive insulin
administered in the medical ICU signifi-
cantly decreased morbidity, but not mortal-
ity. One exception to this finding was

among patients requiring a hospital stay of
≥3 days. Among these patients, intensive
insulin significantly reduced both morbidi-
ty and mortality.7 The study’s authors have
suggested that one mechanism for insulin’s
clinical benefits in this setting might involve
an alteration of the “inflammatory milieu”
in CVD patients.

Along these lines, another recent study
found that insulin significantly attenuated
the increased levels of C-reactive protein
and serum amyloid A, which typically 
follow acute MI.8

Unfortunately, the use of insulin as a car-
diologic tool has been hampered by a long-
standing debate in which one contingent
has argued that insulin is atherogenic. This
argument is fueled by epidemiologic studies
demonstrating that elevated endogenous
insulin levels are associated with CVD risk
in patients with diabetes or prediabetes, and
from observational studies suggesting that
CVD risk is related to insulin therapy.9 The
counterargument suggests that insulin
resistance is the actual cause of increased
CVD risk, with elevated endogenous insulin
exerting a secondary effect.10

Two landmark clinical studies—the
Diabetes Mellitus, Insulin Glucose Infusion
in Acute Myocardial Infarction (DIGAMI)
and the Diabetes Control and
Complications Trial/Epidemiology of
Diabetes Interventions and Complications
(DCCT/EDIC)—support the case for
insulin’s beneficial effect. DIGAMI evaluat-
ed the effects of insulin-mediated glycemic
control in patients with diabetes admitted
to the hospital with acute MI. Patients with
type 1 and type 2 diabetes were allocated to
either standard treatment or to standard
treatment combined with insulin therapy
both during and posthospitalization.
Investigators found a 28% relative reduc-
tion in mortality for patients randomized
to insulin therapy.11

A posthoc epidemiologic analysis of the
DIGAMI follow-up study, DIGAMI 2, con-
firmed that elevated glucose levels in the
postacute MI period were independently

The Dual Role of Diabetes Therapy: 
Glycemic Control and Cardioprotection 
By Richard W. Nesto, MD
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associated with high mortality rates.
Unfortunately, DIGAMI 2 did little to con-
firm or deny the specific mortality benefits
of post-MI insulin treatment in patients
with diabetes. Postintervention blood 
glucose levels were similar across all 3 trial
arms, making it all but impossible to 
evaluate the relative benefit of the different
strategies applied.12

Furthermore, the remarkable benefit
shown by the first DIGAMI study must be
considered in the framework of standard
post-MI therapy available at the time this
study was performed (1990-1993).11 DIGA-
MI 2 actually served to confirm the benefit
of post-MI glucose control in a contempo-
rary context, where current treatment
strategies, such as aggressive LDL choles-
terol lowering, multidrug antihypertensive
therapy, and revascularization procedures,
were administered to patients as needed.12

Most recently, the DCCT/EDIC 20-year
results revealed significantly improved
CVD outcomes associated with a prior
6.5-year period of intensive blood glucose
lowering with insulin in patients with type
1 diabetes. This included a 42% decrease
for any CVD event (P=0.02) and a 57%
decrease in risk for nonfatal MI, stroke, or
death from CVD (P=0.02).13 This risk
reduction is particularly notable because
EDIC participants all have type 1 diabetes,
and consequently, have a lower prevalence
of metabolic features such as obesity, dys-
lipidemia, hypertension, and insulin resist-
ance than would be seen in a typical type 2
diabetes population. Thus, this study pro-
vided a unique opportunity to investigate
the effect of insulin-induced euglycemia
on CVD outcomes independent of poten-
tial effects from nonglycemic factors.

Sulfonylureas
There is a debate as to whether sulfonyl-
ureas (SUs) actually may have a negative
effect on CVD outcomes. In the UKPDS,
SUs conferred a nonsignificant risk reduc-
tion for CVD.3 Most recently, this question
was addressed in a large retrospective
cohort study, in which the investigators
examined the relationship between CVD
event rate and SU monotherapy use (versus

other diabetes drugs used as monotherapy)
in patients with type 2 diabetes registered
with the Saskatchewan Health administra-
tive databases. Investigators found that first-
generation SU users were at greatest risk for
death, followed by glyburide users and met-
formin users (67.6 vs 61.4 vs 39.6
deaths/1000 person-years, respectively). The
SU-associated risk increased in a dose-
dependent manner.14

Based on this and on prior studies 
evaluating the relationship between SUs
and CVD, it appears likely that SU therapy

is not the optimum antihyperglycemic drug
of choice in patients with cardiovascular
risk. However, it must be emphasized that
whether these drugs actually have detri-
mental effects has not yet been determined.

Metformin
Unlike SUs, available evidence indicates
that metformin, in addition to its blood
glucose-lowering effects, is likely associated
with reduced CVD risk. Metformin may be
particularly effective in overweight patients
with type 2 diabetes, as illustrated by the
UKPDS metformin subgroup. In these
patients, MI risk with intensive metformin
therapy was reduced by 39% (P=0.01)
compared with participants receiving con-
ventional therapy.15 In the Saskatchewan
Health Study discussed previously, investi-
gators reported reduced risk for all-cause
mortality (adjusted OR, 0.60; 95% CI,
0.49-0.74) and cardiovascular mortality
(adjusted OR, 0.64; 95% CI, 0.49-0.84) in
participants treated with metformin versus
those treated with SUs.16

The mechanism of action of metformin
on classic cardiovascular risk factors is

unknown, although it has been posited that
its protective effect may be due to the mod-
erate weight loss associated with the drug,
to decreased insulin resistance, or to met-
formin’s contribution to improved lipid
profiles.17

Thiazolidinediones
Evidence is accruing that thiazolidinediones
(TZDs) confer CVD benefit in the context
of diabetes therapy. The PROspective
pioglitAzone Clinical Trial In
macroVascular Events (PROactive) study
recently reported promising results on the
use of pioglitazone in patients with prior
CVD. Participants treated with pioglitazone
experienced decreased CVD events com-
pared with individuals receiving other types
of glucose-lowering therapy.18 Whether this
was because the TZD-treated patients had a
small but significantly greater mean A1C
reduction, or whether pioglitazone
improved CVD outcomes via nonglycemic
mechanisms, remains to be determined.

Of note, despite PROactive’s exclusion of
individuals at risk for congestive heart fail-
ure (CHF), participants receiving pioglita-
zone had an increased rate of edema and
heart failure.18 As Vivian A. Fonseca, MD,
notes in his article on page 7, this may be
due in part to the 45-mg maximum daily
dose of pioglitazone administered by
PROactive. This exceeds the pioglitazone
dose currently considered safe for use in
combination therapy, with evidence indi-
cating that CHF risk is increased when
high-dose pioglitazone and insulin are
combined. CHF and weight gain are associ-
ated with TZD use and remain notable con-
cerns for this drug class. Nevertheless, the
PROactive study suggests that TZDs may be
a good first-line treatment for secondary or
tertiary prevention in patients with type 2
diabetes and prior CVD events.

Alpha-glucosidase Inhibitors
There has been increasing interest in the
role of postprandial hyperglycemia in CVD
development, particularly in light of
evidence that individuals with impaired
glucose tolerance (IGT) but without frank 
diabetes have an increased risk of CVD.19

In the STOP-NIDDM trial, acarbose was
found to confer a 49% relative risk reduc-
tion for cardiovascular events in patients

continued on page 11

The Dual Role of 
Diabetes Therapy
continued from page 5

There has been 
increasing interest

in the role of
postprandial 

hyperglycemia in
CVD development.

                     



IDEASInsulin

www.insulinideas.org Clinical Update: Type 2 Diabetes Management 7

IDEASInsulin

The PROspective pioglitAzone Clinical
Trial In macroVascular Events

(PROactive) study was the first large out-
comes-based clinical trial designed to assess
the role of peroxisome proliferator-activat-
ed receptor (PPAR) agonists in the preven-
tion of cardiovascular events in type 2 dia-
betes. Specifically, PROactive examined the
effect of pioglitazone on macrovascular
mortality and morbidity in 5238 patients
with type 2 diabetes, A1C levels >6.5%, and
evidence of cardiovascular disease (CVD).
To be included, participants also had to be
between 35 and 75 years of age (Table). In
addition to existing therapy, patients were
randomly assigned to receive either placebo
or pioglitazone, which was titrated from an
initial dose of 15 mg to a maximum of 45
mg, subject to tolerability.1

Study results showed that 514 of 2605
pioglitazone patients and 572 of 2633 place-
bo patients reached the primary composite

end point, consisting of all-cause mortality,
nonfatal MI (including silent MI), stroke,
major leg amputation, acute coronary syn-
drome (ACS), cardiac intervention, or leg
revascularization. This corresponded to a
10% risk reduction for the pioglitazone
group, a level of improvement that was not
statistically significant (P=0.095). The num-
ber of patients who reached the secondary
composite end point, which consisted of all-
cause mortality, nonfatal MI (excluding
silent MI), or stroke, was 301 of 2605 piogli-
tazone patients and 358 of 2633 placebo
patients. This represented a statistically sig-
nificant 16% risk reduction among patients
taking pioglitazone (P=0.027) (Figure).1

Additional, placebo-adjusted results for
pioglitazone recipients included a 0.5%
decrease in A1C levels (P<0.0001), an 
8.9% increase in HDL cholesterol levels
(P<0.0001), a 5.3% reduction in LDL/HDL
ratio (P<0.0001), a 13.2% decrease in
triglycerides (P<0.0001), and a 2.3% increase
in LDL cholesterol (P=0.003). Although the
number of congestive heart failure (CHF)
cases requiring hospitalization was higher
among pioglitazone patients (6.0% vs 4.0%,
P=0.007), the incidence of fatal heart failure
did not increase. Peripheral edema, pneumo-
nia, and nonserious hypoglycemia also were
increased with pioglitazone.1

Since its publication,
PROactive has been crit-
icized for a number of
flaws in its design,
methodology, and con-
clusions. For example,
the failure to include
silent MI and CHF in
the secondary end point
has been identified as a
potential source of
“interpretation” bias;
inclusion of these end
points would have
caused the secondary
end point to be statisti-
cally insignificant.

The decision to administer a 45-mg max-
imum daily dose of pioglitazone also has
been questioned. This dose is the maximum
approved dose, although many clinicians

use lower doses of the drug in combination
with insulin to avoid such adverse effects as
edema and weight gain.2 Given that CHF
risk is increased when higher doses of
pioglitazone and insulin are combined, it is
worth considering whether the observed
CHF incidence would have been improved
with a 30-mg maximum daily pioglitazone
dose. However, it is not clear if the
macrovascular benefit seen with pioglita-
zone would have been the same at lower
doses.

Other potential limitations of the
PROactive study included omission of the
secondary end point definition from the
initial design publication, and significant
end-of-study differences between the exper-
imental and control groups, particularly for
glycemic control (mean A1C levels of 6.9%
vs 7.6% for the pioglitazone and placebo
groups, respectively).1,3 According to the
PROactive protocol, both the placebo and

The PROactive Study
By Vivian A. Fonseca, MD

PERSPECTIVES ON

TABLE. PROactive Study: Criteria for Admission

Dormandy JA, et al, on behalf of the PROactive investigators. Lancet. 2005;
366:1279-1289.

Participants were required to have evidence of sub-
stantial macrovascular disease, with at least one prior
CVD event:
(1) MI, stroke, percutaneous coronary intervention, or

coronary artery bypass graft at least 6 months 
before enrollment

(2) Acute coronary syndrome at least 3 months prior 
to enrollment

(3) Objective evidence of coronary artery disease 
(4) Symptomatic peripheral arterial occlusive disease
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pioglitazone groups should have been treat-
ed to meet current goals for metabolic con-
trol, including glycemic control.3 If that goal
had been achieved, any reduction in end
points could then be attributed to treat-
ment with pioglitazone rather than to vari-
ations in glycemic control. Unfortunately,
this precondition was not met.
Furthermore, the use of drugs to prevent
CVD, such as statins, was suboptimal in the
trial overall.

In light of concerns expressed about the
PROactive study, it is important for the dia-
betes community to carefully scrutinize
future clinical trial designs, execution, and
outcomes analyses. To ensure that the con-

clusions being drawn are compatible with
the design and statistical power of the study,
this should include particular consideration
of primary versus secondary outcomes and
subgroup analyses. In an era of declining
numbers of absolute events (owing to the
availability of multiple, effective therapies),
such issues are now relevant for most trials
evaluating cardiovascular outcomes.4

For example, the Fenofibrate
Intervention and Event Lowering in
Diabetes (FIELD) study (n=9795), which
examined the effect of fibrate therapy on
CVD in patients with type 2 diabetes, found
that 256 of 4895 patients receiving fenofi-
brate and 288 of 4900 placebo patients
reached the primary end point (first MI or
coronary heart disease death), correspon-
ding to a statistically insignificant 11% risk

reduction (P=0.16). However, 612 of 4895
fenofibrate patients and 683 of 4900 place-
bo patients reached the secondary end
point (total CVD events), resulting in a sig-
nificant 11% reduction in the fenofibrate
group (P=0.035). In this case, the observed
benefits of fenofibrate were less than
expected as a result of significantly higher
average rates of statin use in the placebo
group (17%) compared with the fenofibrate
group (8%) (P<0.0001).5

Discrepancies such as these, which may
compromise the accuracy of a clinical study,
need to be identified and eliminated when-
ever possible. It also may be necessary to
pre-specify therapy in control groups.
Furthermore, once clinical trial data have
been published, these discrepancies need to
be addressed candidly in open forums,
much like the PROactive study has been dis-
cussed. It may be necessary to look beyond
the “headline” results and the study abstract,
and to examine the details of the patient
population and the study outcomes before
making decisions on the widespread transla-
tion of the trial results to clinical practice.

In spite of its limitations, PROactive is
the first clinical trial to provide evidence of
the cardiovascular benefits associated with
pioglitazone use in patients with type 2 dia-
betes. Although its findings are not conclu-
sive, PROactive offers support for the theo-
ry that treating insulin resistance reduces
the risk of MI, stroke, and even death in
patients with type 2 diabetes. Further
research is necessary to validate and better
understand the PROactive results. n
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PCE = Primary composite end point, consisting of: 
• All-cause mortality
• Nonfatal myocardial infarction (including silent MI)
• Stroke
• Acute coronary syndrome
• Endovascular or surgical intervention in the coronary or leg arteries
• Amputation above the ankle

SCE = Secondary composite end point, consisting of:
• All-cause mortality
• Nonfatal myocardial infarction (not including silent MI)
• Stroke
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1 Which of the following statements accurately describes
insulin and oral antihyperglycemic drug use patterns in
the US?

A. Oral antihyperglycemic drug use has increased in the
past decade

B. Insulin use has increased in the past decade 
C. Insulin use has remained relatively stable in the past

decade
D. Both A and C

2 What is the current American Diabetes Association
(ADA) A1C target goal?

A. <6.5%
B. <7%
C. <7%, with a goal for individual patients of <6%
D. <8%

3 Which of the following statements regarding the concept
of clinical inertia are true?

A. Research indicates that clinical inertia is not a 
substantial problem in type 2 diabetes management

B. In type 2 diabetes, clinical inertia represents the time
that elapses between treatment failure and the
restoration of normoglycemia

C. Research indicates that, due to clinical inertia, patients
with type 2 diabetes may spend years with elevated
A1C targets

D. Both B and C

4 Which of the following statements accurately describes
current research findings on exogenous insulin use 
and safety?

A. The early use of insulin in type 2 diabetes may 
promote beta cell “rest”

B. The early, intensive use of insulin in type 1 diabetes
appears to confer no long-term cardiovascular 
benefits

C. Compared to oral antihyperglycemic agents, insulin is
less effective at lowering elevated A1C levels

D. The newer insulin analogies (ie, glargine, detemir) do
not appear to lower hypoglycemia risk compared to
older insulins (ie, NPH)

5 Which of the following have been cited as reasons why
patients avoid transitioning to insulin therapy?

A. Fear of needles and/or injections
B. Fear that the need for insulin indicates that their health

has worsened beyond repair
C. The perception that insulin is not an effective therapy
D. All of the above

6 Which of the following oral antihyperglycemic drugs
appear to exert a cardioprotective effect?

A. Metformin
B. Pioglitazone
C. Neither A nor B
D. Both A and B

7 Please indicate whether the following statement is 
true or false: “Current research indicates that intensive
in-hospital glycemic control following myocardial 
infarction (MI) improves clinical outcomes.”

A. True
B. False

8 Which of the following statements regarding the
PROactive trial is true?

A. The PROactive trial failed to meet its primary 
end point

B. The PROactive trial met its primary end point
C. The PROactive trial met its secondary end point
D. Both B and C

9 Which of the following have been noted as potential
methodological flaws in the PROactive trial?

A. The administration of a pioglitazone dose not currently
approved for use in combination therapy

B. The overuse of statin drugs in both trial arms
C. The failure to include silent MI and congestive heart

failure in the secondary end point
D. Both A and C

10 Based on the findings of the PROactive study,
please indicate whether the following statement is
true or false: “PROactive provided clinical evidence
that pioglitazone may confer cardiovascular benefits
in patients with type 2 diabetes.”

A. True
B. False
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with IGT (P=0.03).20 Thus, this class of
drugs may offer a CVD prevention benefit
for patients with type 2 diabetes.

Conclusion
Despite significant treatment advances,
patients with type 2 diabetes continue to be
at high risk for CVD. While blood glucose
lowering clearly decreases CVD events,
nonglycemic factors appear to also play an
important role. Consideration of the specif-
ic beneficial effects of different diabetes
drugs, combined with an understanding of
which patient groups might benefit from a
specific drug, will assist all physicians caring
for patients with diabetes.

The Action to Control Cardiovascular
Risk in Diabetes (ACCORD) and 
A Diabetes Outcome Progression Trial
(ADOPT) currently are testing the hypoth-
esis that tighter blood glucose control and
lower A1C targets may provide even greater
CVD risk reduction benefits, and additional
studies exploring the nonglycemic effects of
insulin, metformin, TZDs, and alpha-glu-
cosidase inhibitors will improve physicians’
ability to implement a more individualized
approach to type 2 diabetes therapy.21,22 n

References
1. Gu K, Cowie CC, Harris MI. Diabetes and

decline in heart disease mortality in US adults.
JAMA. 1999;281:1291-1297.

2. Nesto RW. Correlation between cardiovascular
disease and diabetes mellitus: current concepts.
Am J Med. 2004;116:11S-22S.

3. UK Prospective Diabetes Study (UKPDS)
Group. Intensive blood-glucose control with
sulphonylureas or insulin compared with con-
ventional treatment and risk of complications in
patients with type 2 diabetes (UKPDS 33).
Lancet. 1998;352:837-853.

4. Stratton IM, Adler AI, Neil HA, et al. Association
of glycaemia with macrovascular and microvas-
cular complications of type 2 diabetes (UKPDS
35): prospective observational study. BMJ.
2000;321:405-412.

5. Gaenzer H, Neumayr G, Marschang P, et al.
Effect of insulin therapy on endothelium-
dependent dilation in type 2 diabetes mellitus.
Am J Cardiol. 2002;89:431-434.

6. Van den Berghe G, Wouters P, Weekers F, et al.
Intensive insulin therapy in critically ill patients.
N Engl J Med. 2001;345:1359-1367.

7. Van den Berghe G, Wilmer A, Hermans, et al.
Intensive insulin therapy in the medical ICU.
N Engl J Med. 2006;354:449-461.

8. Chaudhuri A, Janicke D, Wilson MF, et al. Anti-
inflammatory and profibrinolytic effect of
insulin in acute ST-segment–elevation myocar-
dial infarction. Circulation. 2004;109:849-854.

9. Muis MJ, Bots ML, Grobbee DE, et al. Insulin
treatment and cardiovascular disease; friend or
foe? A point of view. Diabet Med. 2005;22:
118-126.

10. Dandona P, Aljada A, Chaudhuri A, et al.
Metabolic syndrome: a comprehensive perspec-
tive based on interactions between obesity,
diabetes, and inflammation. Circulation. 2005;
111:1448-1454.

11. Malmberg K. Prospective randomised study of
intensive insulin treatment on long term survival
after acute myocardial infarction in patients with
diabetes mellitus. DIGAMI (Diabetes Mellitus,
Insulin Glucose Infusion in Acute Myocardial
Infarction) Study Group. BMJ. 1997;314:
1512-1515.

13. Nathan DM, Cleary PA, Backlund JY, et al, for
the Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions
and Complications (DCCT/EDIC) Study
Research Group. Intensive diabetes treatment
and cardiovascular disease in patients with type
1 diabetes. N Engl J Med. 2005;353:2643-2653.

12. Malmberg K, Ryden L, Wedel H, et al, for the
DIGAMI 2 Investigators. Intense metabolic con-
trol by means of insulin in patients with diabetes

mellitus and acute myocardial infarction (DIGA-
MI 2): effects on mortality and morbidity. Eur
Heart J. 2005;26:650-661.

14. Simpson SH, Majumdar SR, Tsuyuki RT, et al.
Dose-response relation between sulfonylurea
drugs and mortality in type 2 diabetes mellitus:
a population-based cohort study. CMAJ.
2006;174:169-174.

15. UK Prospective Diabetes Study (UKPDS)
Group. Effect of intensive blood-glucose control
with metformin on complications in overweight
patients with type 2 diabetes (UKPDS 34).
Lancet. 1998;352:854-865.

16. Johnson JA, Majumdar SR, Simpson SH, et al.
Decreased mortality associated with the use of
metformin compared with sulfonylurea
monotherapy in type 2 diabetes. Diabetes Care.
2002;25:2244-2248.

17. Granberry MC, Fonseca VA. Cardiovascular risk
factors associated with insulin resistance: effects
of oral antidiabetic agents. Am J Cardiovasc
Drugs. 2005;5:201-209.

18. Dormandy JA, Charbonnel B, Eckland DJ, et al,
for the PROactive investigators. Secondary pre-
vention of macrovascular events in patients with
type 2 diabetes in the PROactive Study
(PROspective pioglitAzone Clinical Trial In
macroVascular Events): a randomised controlled
trial. Lancet. 2005;366:1279-1289.

19. DECODE Study Group on behalf of the
European Diabetes Epidemiology Group. Is the
current definition for diabetes relevant to mor-
tality risk from all causes and cardiovascular and
noncardiovascular diseases? Diabetes Care.
2003;26:688-696.

20. Chiasson JL, Josse RG, Gomis R, et al. Acarbose
treatment and the risk of cardiovascular disease
and hypertension in patients with impaired glu-
cose tolerance: the STOP-NIDDM trial. JAMA.
2003;290:486-494.

21. Buse JB, Rosenstock J. Prevention of cardiovas-
cular outcomes in type 2 diabetes mellitus: trials
on the horizon. Cardiol Clin. 2005;23:211-220.

22. Viberti G, Kahn SE, Greene DA, et al. A Diabetes
Outcome Progression Trial (ADOPT): an inter-
national multicenter study of the comparative
efficacy of rosiglitazone, glyburide, and met-
formin in recently diagnosed type 2 diabetes.
Diabetes Care. 2002;25:1737-1743.

www.insulinideas.org Clinical Update: Type 2 Diabetes Management 11

The Dual Role of 
Diabetes Therapy
continued from page 6

outcomes in type 2 diabetes mellitus: trials on the
horizon. Cardiol Clin. 2005;34:211-220.

11. Riddle MC, Rosenstock J, Gerich J, on behalf of the
Insulin Glargine 4002 Study Investigators. The
Treat-to-Target Trial: randomized addition of
glargine or human NPH insulin to oral therapy of
type 2 diabetic patients. Diabetes Care.
2003;26:3080-3086.

12. Hermansen K, Derezinski T, Kim H, et al.
Treatment with insulin detemir in combination
with oral agents is associated with less risk of
hypoglycaemia and less weight gain than NPH
insulin at comparable levels of glycaemic improve-
ment in people with type 2 diabetes. Diabetologia.
2004;47(suppl 1):A273.

13. Raskin P, Allen E, Hollander P, et al, for the INITI-
ATE Study Group. Initiating insulin therapy in
type 2 diabetes. Diabetes Care. 2005;28:260-265.

14. Janka HU, Plewe G, Riddle MC, et al. Comparison
of basal insulin added to oral agents versus twice-
daily premixed insulin as initial insulin therapy for
type 2 diabetes. Diabetes Care. 2005;28:254-259.

15. Bastyr EJ, Stuart CA, Brodows RG, et al, for the
IOEZ Study Group. Therapy focused on lowering
postprandial glucose, not fasting glucose, may be
superior for lowering HbA

1c
. Diabetes Care.

2000;23:1236-1241.
16. Rosenstock J, Cappelleri JC, Bolinder B, et al.

Patient satisfaction and glycemic control after 
1 year with inhaled insulin (Exubera) in patients
with type 1 or type 2 diabetes. Diabetes Care.
2004;27:1318-1323.

17. Cappelleri JC, Cefalu WT, Rosenstock J, et al.
Treatment satisfaction in type 2 diabetes: a 
comparison between an inhaled insulin regimen
and a subcutaneous regimen. Clin Ther.

2002;24:552-564.
18. Rosenstock J, Zinman B, Murphy LJ, et al. Inhaled

insulin improves glycemic control when substitut-
ed for or added to oral combination therapy in
type 2 diabetes. Ann Intern Med. 2005;143:549-558.

19. Quattrin T, Belanger A, Bohannon NJV, et al, for
the Exubera Phase III Study Group. Efficacy and
safety of inhaled insulin (Exubera) compared with
subcutaneous insulin therapy in patients with type
1 diabetes. Diabetes Care. 2004;27:2622-2627.

20. Hollander PA, Blonde L, Rowe R, et al, for the
Exubera Phase III Study Group. Efficacy and safety
of inhaled insulin (Exubera) compared with sub-
cutaneous insulin therapy in patients with type 2
diabetes. Diabetes Care. 2004;27:2356-2362.

21. Chan JL, Abrahamson MJ. Pharmacological man-
agement of type 2 diabetes mellitus: rationale for
rational use of insulin. Mayo Clin Proceedings.
2003;78:459-467.

Insulin Therapy in
Type 2 Diabetes
continued from page 4

                                                                                    



Insulin
IDEAS

Clinical Update:
Type 2 Diabetes Management
  Approaches to Optimizing Glycemic Control and Improving Outcomes

c/o Convergent Health Solutions
110 Summit Avenue
Montvale, NJ 07645

To
 r
eg
is
te
r 
fo
r 
a 
liv
e

te
le
w
eb
co
nf
er
en
ce
, v
is
it

w
w
w
.In
su
lin
ID
EA
S.
or
g

glucose levels are not adequately controlled
with oral agents. The course will explore the:

• Progressive loss of beta cell function
• Role of optimal glucose control in 

improving long-term outcomes
• Relative contributions of fasting and 

postprandial glucose levels to overall
glycemic burden

• Importance of rapid advancement of 
therapy, including early use of insulin

Course 2: Use of Insulin to Achieve Optimal
Glucose Control portrays the case of a man who,
despite the use of 2 oral agents and basal

insulin, does not have optimal glucose control.
The course will investigate the: 

• Role of insulin in achieving metabolic 
control and decreasing the vascular 
sequelae of type 2 diabetes

• Data suggesting that early insulin can 
slow or reverse disease progression

• Rationale for insulin therapy directed at both
fasting and postprandial glycemic burden

• Options for addressing an individual 
patient’s physiologic needs

• Emerging options for insulin therapy
From their home or office, participants will view

slides via the Internet on their computers and lis-
ten to the presentation via their computer speakers

or a telephone. Throughout the courses, clinicians
will be able to ask questions via telephone or text-
based chat, and discussion will be augmented by a
web-based Audience Response System.

Upon completion of each CME newsletter or
telewebconference, participants can earn up to 1
free AMA PRA Category 1 Credit™. To register for a
telewebconference or for more information about the
program and faculty, visit www.InsulinIDEAS.org.
Faculty disclosures will be provided at the 
beginning of each telewebconference.

Insulin IDEAS is jointly sponsored by the
Dannemiller Memorial Educational Foundation
and Convergent Health Solutions and is funded by
an unrestricted educational grant from Pfizer Inc.

• No charge to attend
• Earn up to 2 AMA PRA Category 1 CreditsTM

• Join a nationally recognized diabetes expert to explore 
the latest data on optimizing insulin use in patients with
type 2 diabetes

• User-friendly, Internet-based telewebconference allows
you to participate from your home or office

Insulin
IDEAS

Innovations in Diabetes:
Emerging Approaches
and StrategiesTM

FREE 
TELEWEBCONFERENCES

Attendance is limited,
so please register now.

Call toll-free:

866-625-3196
Visit:

www.InsulinIDEAS.org
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