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EDITORIAL

Is Remission in Type 2 Diabetes a Future Possibility?

By William T. Cefalu, MD

Dr. Cefalu is Chief of the
Division of Nutrition and
Chronic Diseases at the
Pennington Biomedical
Research Center of the

Louisiana State University

System in Baton Rouge,
LA. He also serves as the Insulin IDEAS
Program Chair.

his issue of the Insulin IDEAS newslet-

ter contains 3 outstanding articles that,
given recent events and clinical findings, are
very timely. Dr. Lawrence Blonde provides
an overview of his experience with
Hurricane Katrina and the impact this
disaster had on individuals with diabetes
and other chronic diseases. Dr. Saul Genuth
provides commentary on a landmark study
demonstrating the impact of intensive
therapy on cardiovascular outcomes in
patients with type 1 diabetes. In addition,
Dr. Steven Kahn offers considerable food
for thought on the topic of beta-cell preser-
vation. As outlined by Dr. Kahn, it is impor-
tant to design treatment strategies that
target both defects of type 2 diabetes, and
in his article he provides information on
the potential for a beta-cell-preserving
effect in several classes of pharmacologic
agents. He discusses some exciting, prelimi-
nary findings on thiazolidinedione drugs, as
well as animal and in vitro data on incretin-
based therapies. The potential for altering
the natural history of type 2 diabetes using
these therapies appears promising.

In addition to these approaches, several
small-scale trials have provided intriguing
data regarding the potential for early, inten-
sive insulin therapy to induce diabetes
remission. For example, in 1997, Ilkova and
colleagues treated 13 newly diagnosed type
2 diabetes patients with a 2-week protocol
of hospital-based continuous subcutaneous
insulin infusion (CSII), delivered using an
insulin pump. At study baseline, patients’
mean A1C was 11%. Following treatment, 9
patients (60%) maintained glycemic control
(defined as fasting plasma glucose [FPG]
measurements <140 mg/dL and postpran-
dial glucose [PPG] <180 mg/dL) on dietary

management alone for 9 to >50 months.'
Five years later, Park and colleagues
conducted a similar experiment, using a
hospital-based CSII protocol ranging from
2 to 8 weeks in 91 patients with uncon-
trolled type 2 diabetes (mean A1C, 13.2%)
of varying duration. Remission (defined as
FPG and PPG levels <108 mg/dL and <180
mg/dL, respectively) was induced in 34.4%
of patients and was sustained for 13.6£8.9
months. Of note, patients who achieved
remission tended to have a briefer disease
duration (3.3 vs 9.1 years).”

The potential for
altering the natural
history of type 2
diabetes using a
range of
pharmacologic
agents appears
promising.

Most recently, Li and colleagues evaluated
a 2-week CSII therapy induction in 125
newly diagnosed type 2 diabetes patients
(mean A1C, 10.1%). At 12 and 24 months
following initial treatment, 47% and 42% of
patients, respectively, had achieved and
maintained glycemic control (defined as a
maximal FPG 108 mg/dL and PPG 180
mg/dL). This study took the additional step
of measuring beta-cell function using
homeostasis model assessment (HOMA-B),
and found that patients who entered remis-
sion for >12 months showed improved

beta-cell function compared with patients
who underwent a shorter remission or did
not achieve remission.’

At least 2 limitations hinder our ability to
apply these results to clinical practice. First,
long-term A1C levels were inadequately
reported in all 3 studies, making it impossi-
ble to assess the effect of intensive CSII
therapy on the primary marker of glycemic
control. Second, all of these studies
delivered intensive insulin therapy using an
insulin pump combined with hospitaliza-
tion. It is not possible to translate this
protocol to subcutaneously injected insulin,
which is currently the norm for insulin
initiation in patients with type 2 diabetes.

However, these answers may not be too
long in coming. By the end of this decade,
the Outcome Reduction with Initial
Glargine Intervention (ORIGIN) trial will
provide substantial information on whether
a clinically feasible regimen of early, inten-
sive, injected insulin in prediabetes or
shortly following type 2 diabetes diagnosis
can lead to delayed disease progression
and/or lower rates of macrovascular
complications.’

As outlined by Dr. Kahn in his article,
attention is being directed toward the very
real possibility that, in the future, we may
be able to alter the natural history of type 2
diabetes by addressing diminished beta-cell
function with a range pharmacologic
agents. Only time will tell if the promise of
these therapies holds up with definitive
clinical testing.
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The Impact of Natural Disasters on the Care of Patients
with Chronic lliness: Lessons from Hurricane Katrina

By Lawrence Blonde, MD

Dr. Blonde is Director of
the Ochsner Diabetes
Clinical Research Unit in
the Department of
Endocrinology, Diabetes,

and Metabolism, and is

the Associate Internal
Medicine Residency Program Director at the

Ochsner Clinic Foundation in New Orleans, LA.

pproximately 90 million people in the

U.S. live with chronic disease.' Unlike
acute illness, chronic disease requires daily
self-care, and patients are dependent on an
infrastructure that can reliably provide oral
medications, medical supplies and services,
transportation, communications, and utilities.
Individuals with diabetes, for example, must
be able to obtain glucose testing supplies,
syringes and insulin, and medications.” Under
the best of circumstances, chronic disease
management is a challenge. When a natural
disaster disrupts the delivery of medical care
or damages or destroys the healthcare infra-
structure, individuals whose health is already
compromised face a dangerous situation.’

As Hurricane Katrina moved into the Gulf
Coast in August 2005, over one million peo-
ple—including doctors and nurses—evacuat-
ed threatened areas.** Clinics, pharmacies,
and businesses closed. When Katrina made
landfall, electricity, communications, and
transportation were suddenly unavailable.
The flooding that followed destroyed much
of the remaining infrastructure and left thou-
sands stranded for days.” As a result, many
individuals with diabetes were left without
access to healthcare professionals, medical
records, medications, and medical devices
and glucose monitoring supplies.”

As floodwaters rose, shelters, which were
not set up to provide medical care, were
inundated with huge numbers of individ-
uals with diabetes and other chronic illness-
es. Although many individuals with diabetes
had their own testing supplies and medica-
tions, these were quickly depleted. Acutely
ill patients were sent to special needs shel-
ters or to hospitals, but those who remained

had to make do, at least early on, with inad-
equate testing supplies, medications, and
limited food.”

Most New Orleans hospitals that
remained open were flooded, understaffed,
short of beds and supplies, and lacking elec-
tricity, water, and communications systems.
Flooding had destroyed paper and electron-
ic medical records (EMRs), forcing patients
who were exhausted and ill to reconstitute
their medical histories and medication
regimens from memory.

Ochsner Clinic Foundation, a major
teaching hospital just across the county line
in Jefferson parish, was not flooded. At
Ochsner, major surgery was performed even
on the day of the storm, and medical staff
cared for patients and each other in the
difficult days that followed.

The Ochsner Clinic’s ability to continue
its activities was the result of not only its
geographic location, but also of com-
prehensive advance medical and adminis-
trative disaster planning, which were
implemented effectively despite challenging
and changing conditions. For example, due
to damaged cell towers, many employees
lost cellular phone and beeper capabilities;
however, since Ochsner’s disaster plan antic-
ipated such an event, staff members were
provided with wireless telephones (eg,
SpectraLink) that were part of a dedicated
wireless network within the Ochsner
infrastructure. As a result, communications
critical to patient care remained uninter-
rupted. Likewise, land-based telephone lines
remained in working order due to redun-
dancy in Ochsner’s carrier networks.
Furthermore, since the Ochsner medical
record system is entirely electronic, and
since electric power and the Internet
remained available, critical patient informa-
tion remained accessible.

Lessons learned: time to

make plans for the future

Katrina and its disastrous consequences
demonstrated to an incredulous nation that
it was woefully unprepared for such an event.
Unfortunately, both man-made and natural

disasters of this magnitude will occur again.
Therefore, both patients and healthcare
professionals need to plan ahead so that they
can continue to provide self-care and profes-
sional care in the face of such events.

First and foremost, such events emphasize
the need for all patients with diabetes to have
good self-management skills. Patients must
ensure they have adequate medications and
medical supplies to sustain them through at
least the initial period of infrastructure dam-
age and services interruption. They should
assemble portable disaster preparedness kits.
These kits should be updated and restocked
regularly, and should also contain personal
information, emergency contacts, names and
phone numbers of healthcare professionals,
photocopies of pertinent medical records,
insurance information, and a complete list of
current medications and dosages.”

Furthermore, all healthcare professionals
and their practice organizations, whether
large or small, must engage in comprehen-
sive, proactive advance disaster planning.
These plans should be updated at least
annually to reflect policy changes, new ideas,
and evolving priorities, as well as lessons
learned from any plan activations.’
Comprehensive plans must also include a
registry of medical personnel, with their
locations and detailed contact information.®
The table (page 5) provides a list of the min-
imum information that should be included
in such a medical personnel registry.

EMRSs provide particular benefits in main-
taining continuity of care in the face of a
natural disaster. Furthermore, EMRs can be
duplicated and stored off site at secure distant
locations not affected by the disaster. Both
during and after the storm, the Ochsner
Clinic Foundation EMR system provided
critical information about patients’ medical
conditions and medications. These EMRs
were accessible to healthcare professionals at
the main Ochsner facility and to staff who
were redeployed to the Ochsner Baton Rouge
facility, as well as to staff who had evacuated
to distant locations. Some of these staff physi-
cians were in fact contacted by their patients,
who had retrieved staff contact information
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health agencies

e Patients should maintain portable disaster preparedness kits
e Healthcare professionals/practices should develop and annually update disaster plans
e EMRs ensure continuity of care by providing remote access to critical information

e Self-sustaining hospitals should establish communication processes with local, state,
and federal authorities to coordinate care in affected areas

e Estimation of the local prevalence of chronic illness enables effective stockpiling of
medications/medical supplies and development of targeted disaster plans by public

from the Ochsner web site. Using the
Ochsner EMR, these professionals were able
to provide patients with accurate medical
information and medication renewals.

Good disaster planning (and good luck)
will enable some hospitals to stay open
during and after a disaster. Before evacuees
arrive at hospitals, generators, medical
supplies, food, and extra beds should be in
place, and facilities should identify and
secure alternative water sources.® Ideally,
experts in chronic disease care (eg, diabetes
educators, diabetes specialists) should be
available to advise primary care disaster
relief teams.” Hospitals and clinics should
have plans in place to handle traffic flow
and parking, and to maintain unimpeded
access for emergency vehicles and personnel.
When possible, patients who can be moved
should be discharged to safe accommoda-
tions or transferred to hospitals outside the
affected area. This will protect them from
adverse conditions (eg, excessive heat or
cold due to utilities failure) and make room
for new patients.® Healthcare professionals
should be prepared to use all available forms
of communications technology—including
protected phone systems, email, web sites,
and computer networking—to stay in touch
with patients who are cut off physically
from normal services.

TABLE. Physician/Healthcare Professional
Emergency Contact Information to
Be Made Available to Patients
During an Emergency

* Email address(es)
e Cell phone number

e Phone number/address of probable
evacuation location

* Phone number/address of at least one
pharmacy with which the healthcare
professional will stay in contact

Hospitals across the country are doing
their best to prepare for disaster. Many have
become almost completely self-sustaining,
capable of withstanding most crises. But
hospitals cannot coordinate the care needed
by the community if they are islands unto
themselves. Communication with local, state,
and federal authorities (which was a signifi-
cant problem during and after Katrina) is
crucial for ensuring that hospitals can fulfill
their mission during future disasters.

Therefore, at the public health level, feder-
al and state agencies should make efforts
now to estimate the local prevalence of
chronic illness and medical needs. This will
enable the effective stockpiling of medica-
tions and medical supplies and the develop-
ment of plans to assign evacuation and med-
ical personnel.’ To document how this could
be accomplished, researchers at the Centers
for Disease Control and Prevention used
existing data from the 2004 Behavioral Risk
Factor Surveillance System (BRESS) survey
to estimate the prevalence and numbers of
people with specific chronic illnesses in the
New Orleans-Metairie-Kenner area. From a
representative sample of 977,294, they esti-
mated that there were approximately 88,000
adults with diabetes. Of those, almost 22,000
reported using insulin, and nearly 70,000
used oral antidiabetic agents.” Similar data
were compiled for people with heart disease,
stroke, hypertension, and asthma. With this
type of information, public health agencies
could develop disaster preparedness plans
targeted to various groups of individuals
with specific chronic illnesses.”

Public health agencies should also develop
campaigns to educate citizens about access to
healthcare information during a disaster. For
example, the American Diabetes Association
(ADA) web site provided information dur-
ing Hurricane Katrina about how to manage
diabetes during a hurricane, and the U.S.
Food and Drug Administration provided

information about strategies for the safe use
of insulin preparations with which patients
might be unfamiliar. However, because
communications and utilities are often
damaged by natural disasters, most people
will need to access this kind of information
before there is a crisis. Therefore, any public
information campaigns should stress the
importance of advance planning.’

Conclusion

Hurricane Katrina demonstrated that, when
disaster strikes, people with chronic diseases
are more vulnerable than the general
population. These patients rely on routine
healthcare and services that can be severely
impaired by natural or man-made disasters.
As we reach the one-year anniversary of
Hurricane Katrina, it is worthwhile to
reflect on what its survivors endured, and
what we as a community have learned, so
that we and our patients with chronic ill-
ness can be better prepared to meet the
challenges of future events.

Author’s note: If you want to encourage
your patients to make emergency pre-
paredness plans, more information can be
located at the ADA web site at
http://www.diabetes.org/type-2-diabetes/
travel/emergency-tips.jsp. Detailed strate-
gies for patient emergency preparedness
also are provided in a recent ADA publica-
tion, “The Disaster Preparedness Guide for
People with Diabetes.”
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Beta-cell Preservation: Current Theories and
Their Potential to Impact Clinical Practice

By Steven E. Kahn, MB, ChB

Dr. Kahn is a Professor of
Medicine in the Division of
Metabolism, Endocrinology,
and Nutrition at the
University of Washington,
and Associate Chief of
Staff for Research and
Development at the Veterans Affairs Puget
Sound Health Care System in Seattle, WA.

ype 2 diabetes currently affects approx-

imately 7% of the US population and is
increasing in prevalence at an alarming
rate.' In the past 20 years, we have learned a
great deal about the important role of
blood glucose lowering in reducing the risk
of diabetes complications. We also have
developed a broad armamentarium of
pharmacologic agents to help us realize
these glucose lowering goals. However, the
current clinical approach to diabetes man-
agement focuses largely on the consequence
of the diabetic disease process—elevated
blood glucose levels—rather than the root
of the problem. If we are to combat the
increasing prevalence of type 2 diabetes, we
must have a better understanding of how to
prevent diabetes from developing in the
first place. We also must develop treatments
that arrest disease progression.”

The pathogenesis of type 2 diabetes arises
from a dual defect: the diminished ability of
peripheral tissues to respond to insulin
(insulin resistance) and an inappropriately
low level of insulin secretion (beta-cell
dysfunction). The relative contributions of
these 2 abnormalities have been a subject of
debate, with some investigators suggesting

KEyY PoINTS

e Type 2 diabetes arises from a dual defect:

— A diminished response to insulin (insulin resistance), and
— An inappropriately low level of insulin secretion (beta-cell dysfunction)

e Beta-cell dysfunction precedes type 2 diabetes diagnosis
e Insulin sensitivity triggers a proportionate adjustment in beta-cell response

e Targeted treatment strategies should include agents that can protect beta-cell function
and slow or prevent progression of the disease (eg, TZDs, incretin-based therapies)

that insulin resistance is the primary abnor-
mality, while beta-cell dysfunction occurs as
a consequence of impaired insulin sensitivity
and is a late event in the pathogenesis of the
disease.” However, the best evidence suggests
that both play an important role, occur well
before the development of hyperglycemia,’
and are in fact present in individuals who
subsequently develop hyperglycemia in the
context of normal glucose tolerance!*

The disposition index: a

measure of beta-cell function

It is our current understanding that measur-
ing beta-cell function requires that individ-
ual insulin
response be

x axis and insulin response plotted on the

y axis, a hyperbolic curve can be generated,
such that the product of insulin response
and insulin sensitivity can be calculated and
observed (Figure 1). Individuals with “nor-
mal” insulin response and varying levels of
insulin sensitivity fall on the 50th percentile
curve, which is represented by the solid line
in the figure. Individuals who are at
increased risk of developing diabetes have
an inappropriately low insulin response with
respect to their degree of insulin sensitivity.
These groups include relatives of patients
with type 2 diabetes, women with polycystic
ovary (PCO) syndrome or a history of

considered in the FIGURE 1. Hyperbolic Relationship Between Insulin Sensitivity and
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insulin response
and insulin-
resistant subjects having a greater response
to either glucose or nonglucose stimuli.
When population data are depicted graphi-
cally, with insulin sensitivity plotted on the

gestational diabetes (GDM), older individu-
als, individuals with impaired glucose toler-
ance (IGT), and individuals with type 2 dia-
betes. These subjects have been referred to
as “falling off the curve.”

The validity of the hyperbolic model in
accurately depicting metabolic patterns has
been established with experiments designed
to directly alter whole body insulin sensitiv-
ity. When experimental insulin resistance is
provoked in humans (using nicotinic acid),
compensatory insulin release is triggered,
leading to no change in FPG levels.
Likewise, in older patients who have under-
gone rigorous physical conditioning,
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improvement in insulin sensitivity has
resulted in reduced insulin secretion and no
change in glucose tolerance. In essence,
insulin sensitivity triggers a proportionate
adjustment in beta-cell response. This
implies that the continuous interaction
between beta-cells and the insulin-sensitive
tissues is governed by a feedback loop.
Consequently, rather than evaluating the
beta-cell insulin response in isolation, a
more accurate measure of beta-cell func-
tion can be obtained by assessing the
insulin response in the context of the
prevailing insulin sensitivity, a measure
known as the disposition index.’

Beta-cell dysfunction precedes
diabetes diagnosis

Several clinical studies support the concept
that beta-cell dysfunction occurs prior to,
rather than as a consequence of, hyper-
glycemia. In the UK Prospective Diabetes
Study (UKPDS), subjects with type 2
diabetes were randomized to intensive
treatment with insulin, sulfonylureas, or
metformin vs standard care. This study
demonstrated the progressive nature of
beta-cell failure,’ and also suggested that
beta-cell function started to decline years
before the development of hyperglycemia
(Figure 2).* Since the UKPDS, the progres-
sion of beta-cell failure has been mapped in
high-risk populations, including individuals
with first-degree relatives with diabetes,
Pima Indians, and Latinas with prior
GDM.**’ This research has confirmed that
both impaired beta-cell function and

insulin resistance play key roles in type 2
diabetes development, and that beta-cell
function continues to decline before and
after diabetes is diagnosed.

What this tells us is that it is important to
design a treatment strategy that targets both
of the defects of type 2 diabetes and, in
particular, to consider pharmacologic
agents that may play a preventative or
protective role.” While it remains to be
proven in clinical trials that beta-cell preser-
vation can be accomplished in humans,
some new therapies hold promise.

Thiazolidinediones
The thiazolidinediones (TZDs) act by
improving insulin sensitivity in muscle and
adipose tissue via activation of the peroxi-
some proliferator-activated receptor gamma
(PPARY) nuclear receptor. There also is evi-
dence, both from animal and human stud-
ies, that these agents may improve beta-cell
function.” Whether this effect is direct or
indirect is unclear. Two randomized
controlled trials have lent support to this
hypothesis: the Diabetes Prevention
Program (DPP) and the Troglitazone in
Prevention of Diabetes (TRIPOD) study.
In the DPP, subjects with IGT were
randomized to placebo, metformin,
troglitazone, or a lifestyle (diet and exercise)
intervention. Although participants received
troglitazone for only 0.9 years (after which
time the drug was removed from the study
because of hepatotoxicity), the DPP results
suggested that troglitazone might have been
the most effective agent tested, with a risk
reduction of 75%

FIGURE 2. Extrapolation of UKPDS Data Illustrating the
Beta-cell Function Decline Over Time
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4 5 6 improved in the
troglitazone group

but not the place-

bo-treated group.

Based on the nonlinear relationship between
insulin sensitivity and insulin release, there
was a significant improvement in beta-cell
function in the lifestyle and metformin
groups; this likely was also the case in the
troglitazone group.’

In the TRIPOD study, women with a
prior history of GDM were randomized to
troglitazone or placebo. In this study, trogli-
tazone conferred significant protection
from progression to type 2 diabetes (5.4%
vs 12.1% in placebo-treated subjects,
P<0.01).” Again, the possibility that troglita-
zone preserved pancreatic function was
suggested by data showing that the disposi-
tion index decreased by 39% in the placebo
group, due to both a decline in insulin
sensitivity and insulin release, whereas the
disposition index remained constant in the
troglitazone-treated group.’

After the completion of TRIPOD, study
participants were invited to participate in a
subsequent observational study, the
Pioglitazone In Prevention Of Diabetes
(PIPOD) study. In PIPOD, women from
both arms of TRIPOD were offered treat-
ment with pioglitazone and then followed
over 3 years. Of note, while beta-cell func-
tion declined in the placebo-treated group
in TRIPOD, the insulin secretory capacity
of these same individuals was stabilized
using pioglitazone in the PIPOD study.”
Thus, both studies support a role for TZDs
in the preservation of beta-cell function.

In the second half of 2006, results are due
from 2 studies—the Diabetes Reduction
Assessment with Ramipril and
Rosiglitazone Medication (DREAM) trial
and A Diabetes Outcome Progression Trial
(ADOPT)—which should help to further
define the role of TZDs in beta-cell preser-
vation. In DREAM, more than 5000
patients with IGT or impaired fasting
glucose (IFG) have been randomized to
ramipril and/or rosiglitazone vs placebo
over a 3- to 5-year period to assess whether
these medications reduce type 2 diabetes
incidence." ADOPT is a 5-year trial com-
paring the relative efficacy of rosiglitazone,
glyburide, and metformin in patients with
newly diagnosed type 2 diabetes, with the
goal of determining the time to mono-
therapy failure."” Beta-cell function and
insulin sensitivity measurements are being
performed as part of both studies, and
should shed more light on the relative
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contributions of the 2 defects to disease
progression, as well as the role potentially
played by TZDs in beta-cell preservation.

Incretin-based therapies

The incretin-based therapies represent
another drug class that may preserve beta-
cell function. This class includes incretin
mimetics and analogues, as well as dipep-
tidyl peptidase 4 (DPP-4) inhibitors.

The term “incretin” derives from research
conducted in the 1960s observing that the
insulin response to ingested glucose is sig-
nificantly greater than the insulin response
to intravenously administered glucose. This
suggests that a signal associated with nutri-
ent ingestion plays a role in the physiologic
stimulation of insulin secretion.” Two prin-
cipal incretin hormones have been identi-
fied: glucagon-like peptide-1 (GLP-1) and
glucose-dependent insulinotropic polypep-
tide (GIP). The majority of research has
focused on GLP-1, which appears to have
the most beneficial profile for diabetes treat-
ment. Specifically, GLP-1 potentiates
glucose-dependent insulin secretion,
inhibits glucagon secretion, slows gastric
emptying, and suppresses appetite.”

A new pharmacologic agent is exendin-4
(exenatide). Exenatide shares substantial
homology with GLP-1 and acts as an effec-
tive GLP-1 receptor agonist." This drug has
been evaluated in combination with
sulfonylureas, metformin, and TZDs in
patients with type 2 diabetes, as well as in
comparison with insulin glargine. In all
cases, exenatide has been effective at
improving overall glycemic control."”"
Importantly, this benefit was achieved in
the setting of weight loss, rather than the
weight gain associated with most anti-
diabetic agents.

Other incretin-based therapies in the
pipeline include liraglutide, a human GLP-1
analog currently undergoing Phase III clini-
cal trial evaluation, as well as vildagliptin
and sitagliptin, which are inhibitors of the
DPP-4 enzyme (responsible for degrading
endogenous GLP-1). These agents have
completed Phase III testing and are current-
ly under FDA review.”* While these DPP-4
inhibitors have been shown to safely lower
blood glucose levels, they do not have the
favorable side effect profile of promoting
weight loss. However, it is noteworthy that,
unlike other beta-cell secretagogues, they

do not result in weight gain but are weight-
neutral. These may be preferable agents in
some cases since they are not associated
with the gastrointestinal complaints that
have been reported with exenatide. In
addition, these medications are given as
pills, whereas exenatide is only available

in injectable form.”

We may someday
enter an era in
which diabetes

treatment is
preventative rather
than reactive.

While no clinical evidence exists to date
to indicate that incretin-based therapies
preserve beta-cells, they certainly enhance
beta-cell function. Of interest, both animal
and in vitro studies have suggested that
these agents may preserve beta-cells. GLP-1
has been shown to have both proliferative
and antiapoptotic beta-cell action in a dia-
betic animal model,” and human islets
treated with GLP-1 in vitro demonstrate
reduced beta-cell apoptosis and enhanced
glucose-stimulated insulin secretion.” It will
be exciting to see whether these findings in
animals and the culture dish can be trans-
lated into clinical practice.

Early use of insulin

Studies in type 1 diabetes have suggested
the possibility that insulin-induced beta-cell
rest may preserve beta-cell function.” Thus,
it has been hypothesized that using insulin
earlier in disease progression may result in
beta-cell preservation and slow the progres-
sion to type 2 diabetes. For this reason, the
Outcome Reduction with Initial Glargine
Intervention (ORIGIN) trial was initiated.
ORIGIN will follow 12,500 patients over 6

years to determine whether treating predia-
betes (characterized by IGT or IFG) or early
type 2 diabetes with insulin glargine
reduces cardiovascular morbidity and
mortality. A secondary outcome will be to
assess the effect of treatment on progression
from prediabetes to type 2 diabetes. Results
are expected in 2009.”

While this concept and ORIGIN are
provocative, it is important to bear in mind
that the UKPDS did not demonstrate a
beta-cell preserving effect of insulin, and in
fact showed that more than 50% of patients
failed monotherapy with basal insulin with-
in the first 3 years following diagnosis.’

Conclusion

The number of pharmacologic options
available for treating type 2 diabetes has
increased substantially in the past decade.
While traditional approaches have focused
on blood glucose lowering, a better under-
standing of the pathophysiology of type 2
diabetes makes it clear that both insulin
resistance and beta-cell dysfunction are
associated with the diabetic disease process
and must be considered in treatment
approaches. The TZDs, incretin mimetics,
and DPP-4 inhibitors may have therapeutic
advantages in addition to their blood
glucose lowering effects; these include the
possible preservation of beta-cell function.
Studies are being conducted to determine
whether early, intensive insulin use has sim-
ilar effects. This provides hope that we may
someday enter an era in which diabetes
treatment is preventative rather than
reactive, and that eventually the increasing
prevalence of diabetes may be halted or
even reversed.
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he Diabetes Control and Complications

Trial (DCCT'), a multicenter, randomized
clinical trial initiated in 1983, was designed to
test the “glucose hypothesis” The glucose
hypothesis theorizes that hyperglycemia plays
a central role in the pathogenesis of all
diabetes-related complications, including
retinopathy, nephropathy, and neuropathy:.'

The DCCT compared intensive treatment,
aimed at achieving near-normal glucose lev-
els (A1C <6.05%), to conventional treatment
on the long-term complications of diabetes.’
The Epidemiology of Diabetes Interventions
and Complications (EDIC) study was initiat-
ed in 1994 as an observational follow-up to
the DCCT.’ The DCCT-EDIC research
group is composed of investigators at 28
clinical sites in the US and Canada.’

The DCCT recruited 1441 patients with
type 1 diabetes. During an average follow-up
of 3.5 to 9 years (mean, 6.5 years), A1C was
maintained at approximately 7% and 9% in
the intensive and conventional treatment
groups, respectively. The results, which were
reported in 1993, showed that intensive treat-
ment reduced the risk of diabetic retinopathy
(63%; 95% CI, 52% to 71%; P<0.002)—the
primary outcome—nephropathy (54%; 95%
CI, 19% to 74%; P<0.04), and neuropathy

KEy PoOINTS

e Hyperglycemia is the major risk factor for all type 2 diabetes-related micro- and

macrovascular complications

effect (metabolic memory)

(60%; 95% CI, 38% to 74%; P<0.002).°
Similar risk reductions were seen in both a
primary prevention cohort (no retinopathy
and albumin excretion rate [AER] <40 mg/
day at baseline) and a secondary intervention
cohort (mild to moderate retinopathy and
AER <200 mg/day at baseline). In addition,
for each 10% decrease in A1C, there was a
corresponding reduction in retinopathy
progression of 43% and 45% in the intensive
and conventional treatment groups, respec-
tively. A similar exponential relationship was
observed for nephropathy and neuropathy.”
The risk of such complications continued to
decrease as A1C values normalized; thus, no
glycemic threshold above the nondiabetic
range was identified.”

The results of the DCCT set a new stan-
dard of care for glycemic control in dia-
betes—an A1C goal of <7.0%.° Although
these results provided important informa-
tion, certain questions remained:

1. Would the benefits of intensive treat-
ment on the prevention of early-stage
microvascular and neuropathic compli-
cations extend to the prevention of
later, more clinically severe manifesta-
tions, such as vision loss and the need
for renal replacement therapy? Or
would the complication rates in the
intensively treated group “catch up” to
those in the conventional treatment
group if the 2 treatment regimens were
equalized after the DCCT concluded?

2. Would intensive treatment lead to a
reduced risk of cardiovascular (CV)
complications? Although the DCCT did
not demonstrate a statistically significant
reduction in the risk of macrovascular
complications,” study participants were
young at baseline (average, 27 years), had

e A reduction in glucose levels decreases the risk of complications
e The risk of complications continues to decrease as A1C values decrease
e Aggressive glycemic control early in the course of diabetes has a long-term protective

a short duration of diabetes (average, 5.5
years),” and did not have hypertension or
primary dyslipidemia.’
3. Could the DCCT results be extended to
patients with type 2 diabetes?
Upon completion of the DCCT, both the
intensive and conventional treatment groups
were asked to participate in the follow-up
EDIC study, during which they were all
encouraged to practice intensive treatment.
Diabetes management instruction was
provided to the individuals previously in the
conventional treatment group, and each
patient’s diabetes management was trans-
ferred to the physician of his/her choice.*
Ninety-three percent of DCCT participants
agreed to take part in the EDIC study.’

Follow-up of the DCCT cohort for 12
years in the EDIC study yielded answers to
questions 1 and 2. Based on the patients’
fundus photography measurements obtained
at the DCCT’s closeout exam, the cumulative
incidence of further 3-step retinopathy pro-
gression over 7 years of EDIC was reduced
by 62% (95% CI, 51% to 70%; P<0.001) for
patients previously in the DCCT intensive
treatment group compared with patients in
the conventional treatment group (Figure
1).” Furthermore, progression to proliferative
retinopathy and the need for photocoagula-
tion therapy were decreased significantly
(P<0.001)." Similar results were observed
after 10 years of EDIC follow-up, regardless
of whether participants were adolescents or
adults at DCCT baseline."

In addition, after 7 to 8 years of EDIC
follow-up, the cumulative incidence of
microalbuminuria and macroalbuminuria in
patients with normal AER at DCCT closeout
was reduced by 59% (95% CI, 39% to 73%;
P<0.001) and 84% (95% CI, 67% to 92%;
P<0.001), respectively." Although renal insuf-
ficiency occurred less frequently in patients
formerly in the intensive treatment group, the
difference was not statistically significant.*
Using the Michigan Neuropathy Screening
Instrument as a new outcome measure, EDIC
also demonstrated a continued benefit of
former intensive treatment on neuropathy.”

The mean A1C levels in the 2 former
DCCT treatment groups became quite simi-
lar after only 2 years of EDIC, with the over-
all mean values throughout the first 8-year
period of the EDIC study differing by 0.2%
(8.0% in the intensive treatment group vs
8.2% in the conventional treatment group;
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P=0.002).* In modeling the data, the mean
A1C level achieved during the DCCT is a
powerful predictor of retinopathy and
nephropathy progression during EDIC. The
A1C levels achieved by the intensive treat-
ment group and those achieved by the con-
ventional treatment group during the DCCT
are reflected in the outcomes of EDIC. For
these reasons, the benefit of intensive treat-
ment during the DCCT on the course of
complications during EDIC has been termed
a “metabolic memory” effect by the investiga-
tors. The concept posits that the lower glu-
cose levels achieved with intensive treatment
during the DCCT had a protective effect,
reducing the degree of lasting pathological
tissue damage. One mechanism for metabol-
ic memory, which may have played a role in
reducing the progression of retinopathy and
nephropathy during EDIC, involves the
glycation of tissue collagen or other extra-
cellular or intracellular molecules, with
subsequent formation of advanced glycation
end products during the DCCT.*"

The observation of metabolic memory
during EDIC highlights the importance of
implementing intensive glycemic control as
early in the course of type 1 diabetes as is
safely possible to avoid irreversible tissue
damage. One caveat: Intensive treatment
during the DCCT was associated with a 3-
fold greater incidence of severe hypoglycemia
(P<0.001), which mainly was accounted for
by participants who experienced multiple
events."" Therefore, caution should be exer-
cised when using intensive therapy in
patients with evidence of hypoglycemia
unawareness and in the very young."

Regarding question 2, the effect of inten-
sive treatment on CV complications has been
addressed in a recent report from EDIC.
After 11 years of follow-up, a large enough
number of cardiovascular disease (CVD)
events had accrued to conduct a statistical
analysis comparing the cumulative incidence
of a composite primary outcome (CVD
death, nonfatal myocardial infarction [MI],
stroke, angina confirmed by ischemia on a
stress test, coronary obstruction on angio-
graphy, the need for coronary artery bypass
surgery, or silent MI on electrocardiogram)
from the DCCT baseline to the eleventh year
of EDIC.’ The patients previously in the
DCCT intensive treatment group exhibited a
42% reduction in this composite outcome
(95% CI, 9% to 63%; P=0.02) and a 57%

reduction in the risk
of primary nonfatal
MI, stroke, or CVD

FIGURE 1. Estimated Cumulative Incidence of Retinopathy
Progression* from DCCT Closeout to 7 Years of

EDIC Follow-up

death (95% CI, 12%
to 79%; P=0.02) 051 Conventional
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*Retinopathy progression defined as 3 steps on the Early Treatment of Diabetic
Retinopathy Scale (ETDRS)

DCCT Research Group. JAMA. 2002;287:2563-2569. Reproduced with permission

222 197 596 170 218 180

half of this A1C

effect can be attributed to the albuminuria
reduction observed in the intensive treat-
ment group, with albuminuria, in itself, rep-
resenting a significant risk factor for CVD.’
However, the other half of the glycemic effect
apparently was mediated by presently unde-
fined mechanisms, for which there are many
candidates.’ The total number of CVD events
observed thus far (144 events in 83 partici-
pants) is still too low to power an in-depth,
exploratory, multivariate analysis.’

Nonetheless, it is noteworthy that the
DCCT-EDIC participants who experienced
CVD events by the year 2005 were significantly
older, had higher LDL cholesterol and triglyc-
eride levels, had greater AERs, were more likely
to have retinopathy and/or a first-degree rela-
tive with a prior MI, and had higher A1C levels
at DCCT baseline, when compared to patients
with no CVD events.’ Thus, the adverse conse-
quences experienced by patients receiving con-
ventional treatment during the DCCT appear
to have occurred in the context of preexisting
CVD risk factors, including prior evidence of
microvascular complications.

The answer to question 3 cannot, of
course, be determined directly by the DCCT-
EDIC data. Moreover, CVD risk in type 2
diabetes is associated independently with
insulin resistance, which is difficult to assess
in type 1 diabetes by standard methods,
especially in a large multicenter cohort.
Nonetheless, to the extent that hyperglycemia
contributes to the development of CVD, the
DCCT-EDIC results likely apply to patients

with type 2 diabetes.

The largest study to date of the association
between glucose control and micro- and
macrovascular complications in type 2
diabetes is the United Kingdom Prospective
Diabetes Study (UKPDS). In the UKPDS,
intensive therapy with insulin and sulfony-
lureas (mean A1C, 7.0%) reduced micro-
vascular complications by 25% over 10 years
compared with conventional treatment (mean
A1C, 7.9%) in newly diagnosed type 2 dia-
betes patients (P=0.0099).” A 16% reduction
in MI with intensive treatment just missed
statistical significance (P=0.052).” However, it
is noteworthy that the relationship between
CVD risk and A1C was of a similar order of
magnitude in patients with type 2 and type 1
diabetes. An epidemiologic analysis of UKPDS
data demonstrated a 14% decrease in the risk
of fatal or nonfatal MI for each absolute 1%
AIC reduction (P<0.0001)," and EDIC
showed a 20% decrease in the composite
CVD outcome for each proportional 10%
AIC reduction (P<0.001).?

The National Heart, Lung, and Blood
Institute (NHLBI) is sponsoring 2 ongoing
large, randomized, multicenter trials to
determine definitively whether glycemic
control significantly influences CVD risk in
type 2 diabetes: the Action to Control
Cardiovascular Risk in Diabetes (ACCORD)
trial and the Bypass Angioplasty
Revascularization Investigation 2 Diabetes
(BARI 2D) trial. ACCORD, which involves
patients who have CVD or are at high risk
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for CVD, is testing the hypothesis that a
glycemic treatment strategy aimed at achiev-
ing an A1C <6.0% will lead to reduced CVD
events compared with a strategy aimed at
reaching an A1C in the range of 7.0% to
7.9%. All classes of glucose-lowering drugs
approved by the FDA prior to 1999 are eligi-
ble for use in both treatment arms of the
ACCORD trial.”

BARI 2D is investigating patients with type
2 diabetes and angiographically documented
significant obstructive coronary artery disease
to test the hypothesis that a glucose-lowering
strategy employing primarily the insulin-
sensitizing drugs rosiglitazone and met-
formin will reduce total mortality and CVD
events compared with a strategy employing
primarily insulin-providing drugs, including
the sulfonylurea glipizide, the acute beta-cell
stimulant nateglinide, and insulin itself.”

The BARI 2D and ACCORD studies clear-
ly are complementary. Each has a planned
average follow-up of 5 years, with results
expected in 2009-2010. Together, these 2
studies should help to define an optimal
glycemic treatment strategy to reduce the
risk of CVD, the major cause of death in
patients with type 2 diabetes."”

In summary, the DCCT-EDIC study has
provided strong, comprehensive, and consis-
tent evidence that hyperglycemia is the major
risk factor for all diabetes-related micro- and
macrovascular complications, and that
reducing blood glucose levels decreases the
incidence of such complications.
Furthermore, aggressive glycemic control
early in the course of diabetes has been
shown to have a long-term protective effect.
This metabolic memory reduces the degree

of lasting pathological tissue damage.
Although it would be desirable to normalize
blood glucose levels in all patients with
diabetes, the limitations of current insulin
and oral drug therapy make this ideal goal
difficult to attain. Nonetheless, each physi-
cian is encouraged to lower blood glucose
levels as much as is safely possible, to do so as
soon as the disease becomes evident, and to
maintain the best possible metabolic control
for an indefinite period.

References

1. Nathan DM. The pathophysiology of diabetic com-
plications: how much does the glucose hypothesis
explain? Ann Intern Med. 1996;124:86-89.

2. DCCT Research Group. Perspectives in diabetes.
The absence of a glycemic threshold for the devel-
opment of long-term complications:
the perspective of the Diabetes Control and
Complications Trial. Diabetes. 1996;45:1289-1298.

3. DCCT Research Group. Intensive diabetes treat-
ment and cardiovascular disease in patients with
type 1 diabetes. N Engl ] Med. 2005;353:2643-2653.

4. DCCT Research Group. Sustained effect of inten-
sive treatment of type 1 diabetes mellitus on
development and progression of diabetic
nephropathy: the EDIC study. JAMA.
2003;290:2159-2167.

5. DCCT Research Group. Effect of intensive dia-
betes management on macrovascular events and
risk factors in the Diabetes Control and Compli-
cations Trial. Am ] Cardiol. 1995;75:894-903.

6. DCCT Research Group. The effect of intensive
treatment of diabetes on the development and
progression of long-term complications in
insulin-dependent diabetes mellitus. N Engl |
Med. 1993;329:977-986.

7. DCCT Research Group. The relationship of
glycemic exposure (HbAlc) to the risk of devel-
opment and progression of retinopathy in the
Diabetes Control and Complications Trial.
Diabetes. 1995;44:968-983.

8. American Diabetes Association. Standards of
medical care for patients with diabetes mellitus.
Diabetes Care. 1995;18(suppl 1):8-15.

9. DCCT Research Group. Effect of intensive thera-
py on the microvascular complications of type 1

12.

13.

14.

15.

16.

17.

19.

diabetes mellitus. JAMA. 2002;287:2563-2569.

. DCCT Research Group. Retinopathy and

nephropathy in patients with type 1 diabetes four
years after a trial of intensive therapy.
N Engl ] Med. 2000;342:381-389.

. DCCT Research Group. Effect of prior intensive

therapy (IT) in type 1 diabetes (T1D) on 10-year
progression of retinopathy in DCCT/EDIC: com-
parison of adults and adolescents. Diabetes.
2005;54:A224-A225.

DCCT Research Group. Neuropathy among the
Diabetes Control and Complications Trial cohort
8 years after trial completion. Diabetes Care.
2006;29:340-344.

Genuth S, Sun W, Cleary P, et al. Glycation and
carboxymethyllysine levels in skin collagen pre-
dict the risk of future 10-year progression of dia-
betic retinopathy and nephropathy in the DCCT
and EDIC participants with type 1 diabetes.
Diabetes. 2005;54:3103-3111.

DCCT Research Group. Adverse events and their
association with treatment regimens in the
Diabetes Control and Complications Trial.
Diabetes Care. 1995;18:1415-1427.

DCCT Research Group. Hypoglycemia in the
Diabetes Control and Complications Trial.
Diabetes. 1997;46:271-286.

Silverstein J, Klingensmith G, Copeland K, et al.
Care of children and adolescents with type 1 dia-
betes: a statement of the American Diabetes
Association. Diabetes Care. 2005;28:186-212.
UKPDS Group. Intensive blood-glucose control
with sulphonylureas or insulin compared with
conventional treatment and risk of complications
in patients with type 2 diabetes (UKPDS 33).
Lancet. 1998;352:837-853.

Stratton IM, Adler Al Neil HAW, et al.
Association of glycaemia with macrovascular and
microvascular complications of type 2 diabetes
(UKPDS 35): prospective observational study.
BM]J. 2000;321:405-412.

Action to Control Cardiovascular Risk in
Diabetes (ACCORD) Trial web site. ACCORD
purpose. Available at: www.accordtrial.org/
public/index.cfm. Accessed June 26, 2006.

. Brooks MM, Frye RL, Genuth §, et al, for the

Bypass Angioplasty Revascularization
Investigation (BARI 2D) trial. Hypotheses, design,
and methods for the Bypass Angioplasty
Revascularization Investigation (BARI 2D) trial.
Am ] Cardiol. 2006;97 (suppl):9G-19G.

First Occurrence of

i

Nonfatal MI, Stroke,
or CVD Death

Conventional
treatment

Intensive
treatment

FIGURE 2. Cumulative Incidence of CV Outcomes
0.12- Any Predefined
d CV Outcome 0.124
® cgnvetntinntal =
.10 reatmen ey E
ggﬂw Eg 00
S5 =8
=& 0.081 S3 0.08-
== [ 3
25 25
=B 0.06 4 S5 0.6
=5 2g
< = i — o
E‘ g 0.04 Intensive E 5 0.04 1
sz treatment Sz
= 0.02 £ 002
3
133456780 1011121314151617181920 21 L
No. at Risk Years Since Entry No. at Risk
Intensive Tx 105 683 629 13 Intensive Tx
Conventional Tx N4 688 618 92 Conventional Tx
DCCT Research Group. N Engl J Med. 2005;353:2643-2653. Reproduced with permission.

105
m

12345678 91011121314151617 18192021

Years Since Entry
686 640 118
694 637 96

www.InsulinIDEAS.org

Clinical Update: Type 2 Diabetes Management 11



Beta-cell Preservation

continued from page 8

5.

10.

11.

Turner RC, Cull CA, Frighi V; et al, for UK
Prospective Diabetes Study (UKPDS) Group.
Glycemic control with diet, sulfonylurea, met-
formin, or insulin in patients with type 2 diabetes
mellitus: progressive requirement for multiple ther-
apies (UKPDS 49). JAMA. 1999;281:2005-2012.

. Weyer C, Bogardus C, Mott DM, et al. The

natural history of insulin secretory dysfunction
and insulin resistance in the pathogenesis of type
2 diabetes mellitus. J Clin Invest. 1999;104:787-
794.

. Xiang AH, Wang C, Peters RK, et al. Coordinate

changes in plasma glucose and pancreatic beta-
cell function in Latino women at high risk for
type 2 diabetes. Diabetes. 2006;55:1074-1079.

. Diabetes Prevention Program Research Group.

Prevention of type 2 diabetes with troglitazone in
the Diabetes Prevention Program. Diabetes.
2005;54:1150-1156.

. Buchanan TA, Xiang AH, Peters RK, et al.

Preservation of pancreatic beta-cell function and
prevention of type 2 diabetes by pharmacological
treatment of insulin resistance in high-risk
Hispanic women. Diabetes. 2002;51:2796-2803.
Xiang AH, Peters RK, Kjos SL, et al. Effect of
pioglitazone on pancreatic beta-cell function and
diabetes risk in Hispanic women with prior gesta-
tional diabetes. Diabetes. 2006;55:517-522.
DREAM Trial Investigators. Rationale, design and
recruitment characteristics of a large, simple
international trial of diabetes prevention: the
DREAM trial. Diabetologia. 2004;47:1519-1527.

12.

13.

14.

15.

17.

19.

Viberti G, Kahn SE, Greene DA, et al. A Diabetes
Outcome Progression Trial (ADOPT): an interna-
tional multicenter study of the comparative effi-
cacy of rosiglitazone, glyburide, and metformin in
recently diagnosed type 2 diabetes. Diabetes Care.
2002;25:1737-1743.

Drucker DJ. Incretin-based therapies: a clinical
need filled by unique metabolic effects. Diabetes
Educator. 2006;32(suppl 2):65S-71S.

Drucker DJ. The biology of incretin hormones.
Cell Metab. 2006;3:153-165.

Buse JB, Henry RR, Han J, et al. Exenatide-113
Clinical Study Group. Effects of exenatide
(exendin-4) on glycemic control over 30 weeks in
sulfonylurea-treated patients with type 2 diabetes.
Diabetes Care. 2004;27:2628-2635.

. DeFronzo RA, Ratner RE, Han J, et al. Effects of

exenatide (exendin-4) on glycemic control and
weight over 30 weeks in metformin-treated
patients with type 2 diabetes. Diabetes Care.
2005;28:1092-1100.

Kendall DM, Riddle MC, Rosenstock J, et al.
Effects of exenatide (exendin-4) on glycemic con-
trol over 30 weeks in patients with type 2
diabetes treated with metformin and a sulfony-
lurea. Diabetes Care. 2005;28:1083-1091.

. Heine RJ, Van Gaal LE Johns D, et al, for GWAA

Study Group. Exenatide versus insulin glargine in
patients with suboptimally controlled type 2 dia-
betes: a randomized trial. Ann Intern Med.
2005;143:559-569.

Zinman B, Hoogwerf B, Duran Garcia S, et al.
Safety and efficacy of exenatide in patients with
type 2 diabetes mellitus using thiazolidinediones
with or without metformin. In: Programs and

Ins ul i1 | Clinical Update:

IDEAS

c/o Convergent Health Solutions
600 E. Crescent Avenue
Upper Saddle River, NJ 07458

Type 2 Diabetes Management

Approaches to Optimizing Glycemic Control and Improving Outcomes

20.

21,

22.

23.

24.

25.

Abstracts of the American Diabetes Association
66th Annual Scientific Sessions; June 10-14, 2006;
Washington, DC. Abstract 117-OR.

Drucker DJ. The evidence for achieving glycemic
control with incretin mimetics. Diabetes Educator.
2006;32(suppl 2):72S-81S.

Herman G, Hanefeld M, Wu M, et al. Effect of
MK-0431, a dipeptidyl peptidase IV (DPP-IV)
inhibitor, on glycemic control after 12 weeks in
patients with type 2 diabetes. Program and
abstracts of the 65th Scientific Sessions of the
American Diabetes Association; June 10-14, 2005;
San Diego, California. Abstract 541-P.

Farilla L, Hui H, Bertolotto C, et al. Glucagon-like
peptide-1 promotes islet cell growth and inhibits
apoptosis in Zucker diabetic rats. Endocrinology.
2002;143:4397-4408.

Farilla L, Bulotta A, Hirshberg B, et al. Glucagon-
like peptide 1 inhibits cell apoptosis and improves
glucose responsiveness of freshly isolated human
islets. Endocrinology. 2003;144:5149-5158.

Shah SC, Malone J1I, Simpson NE. A randomized
trial of intensive insulin therapy in newly diag-
nosed insulin-dependent diabetes mellitus. N Engl
J Med. 1989;320:550-554.

Clinical Trials web site. ORIGIN Trial (Outcome
Reduction with Initial Glargine Intervention).
Available at: http://www.clinicaltrials.gov/ct/
show/NCT00069784?order=1. Accessed

May 10, 2006.



