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Controlled, randomized clinical tri-
als are the foundation on which
the American Diabetes

Association (ADA) and other groups
develop guidelines for diabetes care. The
Diabetes Control and Complications
Trial (DCCT)1 provided definitive evi-
dence that intensive glycemic control
dramatically reduces the microvascular
complications of type 1 diabetes. The
United Kingdom Prospective Diabetes
Study2 provided similar findings for type
2 diabetes. The results of these trials
formed the basis for ADA’s current stan-
dards of care and led the National
Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK) and the
Centers for Disease Control and
Prevention (CDC) to create the National
Diabetes Education Program (NDEP) to
disseminate the new guidelines to
providers and patients.3

As additional clinical trials demon-
strated the importance of blood pres-
sure and LDL cholesterol control in
preventing vascular complications of
diabetes, the NDEP expanded its focus
to the “ABCs of diabetes”: A1C, Blood
pressure, and Cholesterol. More recent-
ly, the Diabetes Prevention Program
demonstrated that a 5–7% weight loss
and modest physical activity (30 min-
utes a day, 5 days a week) reduced the
development of type 2 diabetes by 58%
over 2.8 years.4 In response, the NDEP
launched its “Small Steps. Big
Rewards. Prevent Type 2 Diabetes.”
campaign, providing patients and
providers with tools for lifestyle
change. Additional information about
this program is available at the NDEP
Web site (www.ndep.nih.gov). 
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There are often significant differ-
ences between trials supported by indus-
try and those supported with public
funds. The nature of the intervention
under study is one consideration. It is
noteworthy that the seminal DCCT did
not focus on specific medications and
thus would not have been undertaken by
industry. Another consideration is the
size of the group affected by a disease.
While there is a large and unfortunately
rapidly expanding market for type 2 dia-
betes therapies, the prevalence of type 1
diabetes makes it a less attractive target
for commercial therapeutic develop-
ment, despite its devastating conse-
quences for individuals affected. A spe-
cial appropriation has led to a major
expansion of publicly funded research
focused on the prevention, treatment,
and cure of type 1 diabetes. More infor-
mation about this appropriation of $150
million annually through 2008 can be
found through the NIDDK Web site
(http://www.niddk. nih.gov/fund/
diabetesspecialfunds). 

Many clinicians can recall that, just
over a decade ago, we did not know if it
was worth the cost and the risk of hypo-
glycemia to intensively control glucose.
Now, tight glucose control is a standard
of care. The Epidemiology of Diabetes
and Its Complications study continues to
follow the DCCT patients and has found
that the benefits of early intensive man-
agement grow ever greater over time.5

Further, by establishing hemoglobin A1c

(A1C) as a valid surrogate outcome for
trials of new therapeutics, the DCCT
paved the way for multiple industry-sup-
ported trials that led to the approval of
new classes of diabetes medicines.

Today, a new generation of publicly
funded diabetes trials is addressing key
questions about diabetes therapy, and
other clinical research efforts are under-
way to identify new therapeutic targets.
This brief review highlights some of the
ongoing efforts at NIDDK that have the
potential to shape future diabetes care,
with an emphasis on those that provide
opportunities for patient participation
and provider referral.  

Testing Approaches to Prevent or
Slow Type 1 Diabetes: Type 1
Diabetes TrialNet
Several clinical studies have demon-
strated that we can estimate specific
levels of increased risk for type 1 dia-
betes in relatives of those with type 1
diabetes.6 Moreover, β-cell function can
be assessed in new-onset diabetes.
Preservation of β-cell function is asso-
ciated with improved control of dia-
betes and thus may reduce the risk of
diabetes complications.7 These observa-
tions form the basis for efforts to under-
take a systematic series of clinical trials
to prevent progression to type 1 dia-
betes in family members of those with
type 1 diabetes and to preserve β-cell
function in patients with new-onset type
1 diabetes and residual β-cell function.

To capitalize on the research oppor-
tunities presented by this knowledge, the
National Institutes of Health (NIH) has
created an international network of
cooperative clinical groups, the Type 1
Diabetes TrialNet (http://www.diabetes-
trialnet.org) and a complementary effort,
the Immune Tolerance Network (ITN;
http://www.immunetolerance.org/
public). These collaborative networks
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lished islet transplantation as a viable
therapy for patients whose disease can-
not be effectively managed with current
methods of exogenous insulin adminis-
tration. However, serious obstacles
remain for development of islet trans-
plantation as a cure for type 1 diabetes,
most notably the toxicity associated with
current regimens of immunosuppression
and islet administration and the limited
supply of human cadaveric islets, which
is sufficient for only a small fraction of
the people who could potentially benefit
from this therapy.

NIH is pursuing multiple initiatives
directed at developing methods to attain
an unlimited supply of islets for trans-
plantation, improving methods for isolat-
ing islets and administering transplanted
islets, and developing approaches to
minimize the toxicity of immunotherapy
required for transplantation. Of particu-
lar note is a new cooperative clinical islet
transplantation consortium to be estab-
lished this autumn to develop and imple-
ment research protocols addressing
obstacles that must be overcome for islet
transplantation to reach its full potential
as a cure for type 1 diabetes.

Clinical Networks Uncovering New
Targets for Type 1 Diabetes Therapy
In type 1 diabetes, unknown environ-
mental factors combine with genetic
susceptibility to destroy the insulin-pro-
ducing β-cells. Two recently launched
clinical research networks are undertak-
ing ambitious efforts to elucidate the
genetic and environmental factors giving
rise to type 1 diabetes.

The Type 1 Diabetes Genetics Con-
sortium (T1DGC; http://www.t1dgc.org)
will organize international efforts to
identify genes that determine an individ-
ual’s risk of type 1 diabetes. Progress
towards this goal worldwide has been
limited by a lack of sufficient clinical
and genetic resources. The T1DGC is
seeking to identify 2,500 new families
with two or more siblings with type 1
diabetes to achieve sufficient sample
size and sample availability for gene
identification.
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provide state-of-the-art methods for
measuring immune parameters. They
also provide the infrastructure to conduct
clinical trials of new prevention-oriented
strategies in those at risk for diabetes and
trials to test strategies to preserve β-cell
function in patients with new-onset type
1 diabetes.

TrialNet builds on the findings of
the Diabetes Prevention Trial-Type 1
(DPT-1),8 which demonstrated that large
preventive trials of type 1 diabetes are
feasible in family members of those
with type 1 diabetes. While insulin
administration was not found to be
effective in preventing type 1 diabetes in
this trial, the DPT-1 did validate current
predictive tools (HLA and autoantibod-
ies) for identifying individuals at risk for
the disease and thus paved the way for
future trials. TrialNet and ITN will facil-
itate rapid, preliminary testing of emerg-
ing therapeutic strategies. Those that
prove most promising in small studies
aimed at preserving β-cell function in
patients with new-onset diabetes can
then be moved quickly into larger-scale
prevention trials.

A natural history study recently initi-
ated by TrialNet will assess risk in fami-
ly members of individuals with type 1
diabetes and develop information on dis-
ease progression. This study will also
identify subjects eligible for future pre-
vention studies and information useful
for prevention protocol design. TrialNet
is also recruiting subjects to investigate
the efficacy of mycophenolate mofetil
and daclizumab in maintaining pancreat-
ic β-cell function in recently diagnosed
type 1 diabetes. TrialNet is collaborating
with ITN in further study of anti-CD3
[hOKT3g1(Ala-Ala)], a drug being
developed that showed promising results
in a phase 1 study in patients with new-
onset type 1 diabetes.9

Islet Transplantation for 
Type 1 Diabetes
Recently, there has been significant
progress toward islet transplantation as a
therapy for type 1 diabetes. The success
of the Edmonton Protocol10 has estab-
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The Environmental Determinants of
Diabetes in the Young is a multi-center,
multinational epidemiological study of
neonates at high genetic risk. High-risk
neonates in three regions of the United
States and three European countries will
be followed until adolescence for identi-
fication of infectious agents, dietary fac-
tors, or other environmental exposures
that may contribute to the initiation of
autoimmunity and type 1 diabetes.  

Type 2 Diabetes in Children
Once considered a disease of adults,
type 2 diabetes has emerged as an
increasing problem in pediatric diabetes
clinics, particularly those serving disad-
vantaged and minority populations. To
examine the incidence and prevalence
of all forms of diabetes among children
and adolescents in the United States,
the CDC and NIH have launched
SEARCH for Diabetes in Youth
(http://www.cdc.gov/diabetes/pubs/
factsheets/search.htm), a six-region
study covering 5 million youth, or 6%
of U.S. children under age 20.

To explore approaches to treatment of
type 2 diabetes in youth, the NIDDK
recently launched TODAY (Treatment
Options for Type 2 Diabetes in Adoles-
cents and Youth; www.TODAYstudy.org).
Researchers plan to enroll 750 children
and teens aged 10–17 years who have
been diagnosed with type 2 diabetes in the
past 2 years. Participants will be assigned
in equal numbers to each of three treat-
ment groups: metformin alone, metformin
and rosiglitazone in combination, and
metformin plus intensive lifestyle change
aimed at losing weight and increasing
physical activity. The TODAY study’s
main goal is to determine how well and
for how long each treatment approach
controls blood glucose levels. The effects
of the treatments on insulin production,
insulin resistance, body composition,
quality of life, safety, and cost-effective-
ness will also be assessed.

A related multi-center trial will
address prevention of risk factors for
type 2 diabetes in middle school–aged
children. Currently, investigators are
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weight loss over the long term through
decreased caloric intake and increased
exercise.

Look AHEAD just completed enroll-
ment of 5,000 obese patients ages 55–75
with type 2 diabetes. Participants were
randomly assigned to one of two inter-
ventions: Lifestyle Intervention or Dia-
betes Support and Education. The trial
will compare the effects of the two inter-
ventions on major cardiovascular events:
heart attack, stroke, and cardiovascular-
related death. Look AHEAD patients
will be followed for up to 11.5 years. In
addition to CVD outcomes and risk fac-
tors, health-related quality of life, gener-
al health, and the cost and cost-effective-
ness of Lifestyle Intervention relative to
Diabetes Support and Education will be
assessed. 

The NHLBI-led Action to Control
Cardiovascular Risk in Diabetes
(ACCORD) trial is designed to test the
effects on major CVD events of 1) inten-
sive glycemia control (A1C target <
6.0% vs. 7.0–7.9%); 2) fibrate treatment
to increase HDL cholesterol and lower
triglycerides (in the context of good
LDL cholesterol and glycemic control);
and 3) intensive blood pressure control
(systolic blood pressure target of < 120
mmHg vs. < 140 mmHg in the context
of good glycemic control). All 10,000
middle-aged or older participants with
type 2 diabetes will be in the glycemia
trial. In addition, one 2 � 2 trial will also
address the lipid question in 5,800 of the
participants and the other 2 � 2 trial will
address the blood pressure question in
4,200 of the participants. Recruitment is
ongoing (http://www.accordtrial.org/
public/index.cfm).

The Bypass Angioplasty Revascular-
ization Investigation 2 Diabetes (BARI
2D) trial13 (http://www.bari2d.org)
addresses two questions about therapy in
adults with type 2 diabetes and stable
coronary artery disease (CAD) who
might be candidates for revasculariza-
tion. One randomization in the 2 � 2
design will examine the effect on pro-
gression of CAD of treatment to attenu-
ate insulin resisitance compared to
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pilot-testing components of the study,
which will include: 1) in-school environ-
mental change aimed at enhancing the
physical education curriculum and
increasing physical activity; 2) in-school
environmental change aimed at changing
school food services; 3) a social market-
ing campaign to promote changes in
physical activity and nutrition; and 4) a
computer-based individually tailored
health curriculum.

Reducing the Burden of
Cardiovascular Disease in Diabetes
Cardiovascular disease (CVD) accounts
for two-thirds of deaths in individuals
with diabetes, and the risk of CVD is
increased two- to fourfold in those with
diabetes compared to the general popu-
lation.11 With the growing prevalence of
obesity in the United States, CVD asso-
ciated with type 2 diabetes is expected
to become an even greater public health
challenge. While randomized clinical tri-
als have demonstrated that control of
certain risk factors can substantially
reduce the burden of CVD in diabetes,
major unanswered questions about opti-
mal management of type 2 diabetes with
respect to CVD are being addressed in
ongoing clinical trials jointly sponsored
by the NIDDK and the National Heart,
Lung, and Blood Institute (NHLBI). 

Although weight loss and increased
physical activity can dramatically reduce
the development of type 2 diabetes in
those at high risk, a benefit of weight
loss in preventing complications in peo-
ple with diabetes has not yet been estab-
lished through clinical trials. It is impor-
tant to establish the benefits and
cost-effectiveness of weight loss in peo-
ple with type 2 diabetes to inform deci-
sions regarding use of scarce health care
resources. To address this issue, NIH is
conducting the largest clinical trial to
date to examine the long-term health
effects of voluntary weight loss. The
Look AHEAD (Action for Health in
Diabetes) trial12 is a multi-center, ran-
domized clinical trial that will examine
the consequences of a lifestyle interven-
tion designed to achieve and maintain
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insulin-providing treatment targeted to
the same level of glycemic control. The
other randomization will compare
aggressive medical management and the
revascularization procedure of physi-
cian/patient choice to aggressive medical
management alone to determine if early
revascularization reduces mortality and
cardiac events in individuals with type 2
diabetes and mild, stable angina or with
at least 50% luminal diameter narrow-
ing. Patients with unstable angina or
coronary anatomy requiring intervention
are not eligible. Recruitment is ongoing
for this challenging NHLBI-led study,
which aims to enroll 2,800 subjects.

The Road Forward: Addressing
Important Remaining Questions
In 1999, the congressionally established
Diabetes Research Working Group
(DRWG) issued its recommendations
for NIH support of diabetes research
over the subsequent 5 years. The
DRWG emphasized the opportunities
for addressing clinical research ques-
tions. It noted that, compared to other
common diseases that dramatically
affect public health, such as hyperten-
sion and CVD, relatively few trials had
been carried out in diabetes.

Since the DRWG report was issued,
several important trials have been com-
pleted, and there has been substantial
progress in expanding both the number
of clinical trials and the infrastructure to
conduct clinical research in diabetes.
Studies are underway to explore novel
strategies for diabetes prevention, to
define the treatment strategies that will
reduce the risk of CVD, and to define
optimal therapy for the emerging prob-
lem of type 2 diabetes in children.

Thus, we can anticipate a further
expansion of knowledge that will further
improve therapy for people with or at
risk for diabetes. Moreover, new under-
standings of the immunopathogenesis of
type 1 diabetes, insulin action and the
biology of insulin-responsive tissues,
and β-cell development and function will
yield new targets for therapy. A key chal-
lenge will be translation of this new
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The increased prevalence of over-
weight and obesity is driving the epi-
demic of type 2 diabetes in America.
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sary to address this major new threat to
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gain and patterns of weight gain associ-
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weight gain and maintain weight loss,
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should be assessed in coordinated stud-
ies in which approaches can be evaluated
with common endpoints.

Finally, we must ensure that the
American people benefit from our
research effort and that evidence-based
medicine from clinical trials is rapidly
yet rigorously translated into clinical
practice across various models of health
care delivery. To this end, NIDDK is
supporting diabetes prevention and con-
trol projects, and science-based
approaches to modify patient and
provider behavior and enhance delivery
of effective diabetes care. 
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