
Clinical Implications of the DREAM Study

In response to an article (1) published
in 2003 demonstrating that both diet
and exercise as well as pioglitazone re-

duced insulin resistance in upper-body
obese, sedentary, nondiabetic individuals,
I wrote an editorial (2) discussing
whether the treatment of insulin resis-
tance independent of any effect on glyce-
mia could be beneficial for reducing the
risk of cardiovascular disease (CVD). At
that time, evidence for a beneficial effect
rested on surrogate end points and inter-
mediate outcomes of CVD. The final sen-
tence in the editorial was, “If the ongoing
clinical trials demonstrate a reduction in
hard clinical events, difficult decisions
will need to be made.” Although thiazo-
lidinediones (TZDs) continued to lower
many of the surrogate risk factors associ-
ated with and early manifestations of CVD
(e.g., endothelial dysfunction, intima me-
dial thickness of carotid arteries) in sub-
sequent studies, the effect on preventing
hard clinical outcomes in the first clinical
trial reported was less robust than many
had anticipated (3). Now the Diabetes Re-
duction Assessment with Rampipril and
Rosiglitazone Medication (DREAM) study
(4) has been published, raising the ques-
tion of treating nondiabetic individuals
with a TZD, to reduce the risk of develop-
ing type 2 diabetes rather than CVD.

The DREAM study (4) randomized
over 5,000 individuals with impaired glu-
cose tolerance (IGT) and/or impaired fast-
ing glucose (IFG) to receive either 8 mg
rosiglitazone or placebo over a median of
3 years. There was an �60% less chance
of those receiving the TZD to develop di-
abetes compared with those receiving the
placebo. For every 1,000 subjects with
IFG and/or IGT given rosiglitazone, 144
would be prevented from developing di-
abetes. There would be, however, four to
five excess cases (i.e., over what would
have occurred if a TZD had not been
given) of heart failure. In addition to the
small increase in heart failure, the cost of
the TZD (approximately $2,000 per year)
must also be factored in when deciding
how to incorporate these findings into
clinical practice. Thus, for an outlay of $2
million per year or $6 million for 3 years,
144 individuals will avoid diabetes over
that period and 856 will ostensibly not
have benefited. The latter may not en-
tirely be true because the resultant de-
crease in insulin resistance may be

beneficial by helping to preserve �-cell
function (5).

If one were to use a TZD to delay or
prevent the development of type 2 diabe-
tes, it would be most efficient to target a
population that is at highest risk. Individ-
uals with IGT are certainly at increased
risk. In subjects in the control groups of
the Finnish Diabetes Prevention Study
(6), the Diabetes Prevention Program (7),
the STOP-NIDDM trial (8), and the
DREAM study (4), 14–26% developed
diabetes after 2 years, 21–37% after 3
years, and 23–46% after 4 years. It should
be noted that most of the subjects in the
Finnish study (6) had first-degree rela-
tives with type 2 diabetes and that the
inclusion criteria in the Diabetes Preven-
tion Program (7) and the STOP-NIDDM
(8) studies required fasting plasma glu-
cose (FPG) concentrations �95 or �100
mg/dl, respectively, thus increasing the
risk beyond simply IGT alone.

Be that as it may, diagnosing IGT for
the purpose of identifying individuals
who may benefit from a TZD is problem-
atic. The oral glucose tolerance test
(OGTT) is inconvenient and not ordered
by many physicians to diagnose diabetes
in those felt to be at risk (9). Moreover,
nearly 50% of individuals with IGT on an
OGTT will have normal glucose tolerance
if the OGTT is repeated within 2–6 weeks
(10–12). Thus, almost half of these indi-
viduals who would seem eligible to re-
ceive a TZD might not be at that high of a
risk for developing diabetes. This comes
from the San Antonio Heart Study, in
which the sensitivity of simply using the
IGT alone to predict incident diabetes was
only 51% with a false-positive rate of 10%
(13).

Might measuring an FPG concentra-
tion be helpful? Although certainly more
convenient than an OGTT, FPG concen-
trations also suffer from some impreci-
sion. Using the 1997 American Diabetes
Association criterion of 110–125 mg/dl
to diagnose IFG, one-third of individuals
were normal on repeat testing (14). Fur-
thermore, other risk factors greatly influ-
ence the risk of an elevated FPG
concentration (13). For instance, Table 1
shows the progressive increase in the risk
of developing type 2 diabetes from obe-
sity, a positive family history, a low HDL
cholesterol, and hypertension. Therefore,
other clinical factors must be taken into

account in deciding whether an FPG con-
centration places the individual in a high
enough risk category to warrant a TZD.

The distribution of glucose concen-
trations in most populations is unimodal,
which makes the choice of what cut
points to use to designate various abnor-
malities of carbohydrate metabolism
somewhat arbitrary (15). The National
Diabetes Data Group (NDDG) (16) in
1979 decided that the level to diagnose
diabetes should predict the development
of its specific complication, i.e., retinopa-
thy. They chose a 2-h value on the OGTT
of �200 mg/dl based on the results of
three studies (17) in which 1,213 subjects
were followed for 3–8 years during which
period 77 of them developed retinopathy.
There was no reason given for defining
IGT as 2-h glucose values on the OGTT of
140–199 mg/dl. (One suspects that it was
because clinical observations suggested
that normal individuals would have glu-
cose concentrations �140 mg/dl 2 h after
eating.)

Since A1C data, reflecting 3–4 months
of glycemia, were not available at that
time, the NDDG’s decision was based on
one glycemic point in time. Subsequent
studies following over 2,000 diabetic pa-
tients for 6–9 years have evaluated the
association between A1C levels and the
development or progression of diabetic
retinopathy (18,19) and nephropathy
(20–22). All five studies showed that if
the average A1C level was �7%, there was
virtually no development or progression
of these microvascular complications.

Although A1C assays differ some-
what, it is generally accepted that the nor-
mal range for a Diabetes Control and
Complications Trial (DCCT) standard-
ized assay is 4–6%. Therefore, following
the reasoning of the NDDG of diagnosing
diabetes at a glycemic level that is associ-
ated with its microvascular complications
and utilizing A1C levels, values between 6
and 7% would reflect pre-diabetes. This
contention is supported by two studies
that have evaluated A1C levels and inci-
dent diabetes. One (23) utilized an assay
with a normal range of 4.0–6.0%, and
followed 1,253 veterans between the ages
of 45–64 years for 3 years. The diagnosis
of diabetes was made by an FPG �126
mg/dl, an A1C level �7.0%, or by self-
report. The annual incidence of diabetes
for patients with baseline A1C levels
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�5.5, 5.6–6.0% , and 6.1–6.9% was 0.8,
2.5, and 7.8%, respectively. After adjust-
ing for baseline A1C levels, only baseline
BMI, but not age, race, family history, or
hypertension, was associated with an in-
creased risk of developing diabetes. In a
French study (24), incident diabetes over
6 years was evaluated after measuring a
baseline A1C level in a DCCT standard-
ized assay in 2,820 subjects, aged 30–65
years. Diabetes was defined as an FPG
concentration �126 mg/dl or treatment
with an oral antihyperglycemia drug or
insulin. Baseline A1C levels were divided
into deciles. The A1C levels in the last
three deciles were 5.7, 5.8, and 5.8 –
7.1%, respectively. The proportion of in-
dividuals who developed diabetes in
these deciles was 3, 5, and 12%, respec-
tively. After adjustment for age, A1C lev-
els predicted diabetes at 6 years
independent of sex, blood pressure,
smoking, and physical inactivity. Unlike
the prediction of diabetes by FPG concen-
trations, which is influenced by other risk
factors (Table 1), prediction by A1C levels
is largely independent of these other risk
factors. Thus, society would get a big
“bang for the buck” if individuals with
A1C levels between 6 and 7% were to re-
ceive a TZD.

In the DREAM study, rosiglitazone
increased the likelihood of regression to
normoglycemia by �70–80% suggesting
that the drug was treating dysglycemia as
well as decreasing the frequency of devel-
oping diabetes (4). Therefore, if the TZD
were given to individuals with A1C levels
between 6 and 7%, many of these values
would no doubt return to within the nor-
mal range. Regardless of whether one be-
lieves that some of these individuals, if
given an OGTT, might already have dia-
betes by the rather arbitrary, but appar-
ently sacrosanct, criterion of a 2-h value of
�200 mg/dl rather than by a glycemic
level associated with the microvascular
complications, restoring euglycemia can

only be beneficial. Of 819 people diag-
nosed with diabetes by an OGTT, 42%
had a normal A1C level and another 26%
had a value which corresponded to one
between 6 and 7% in a DCCT standard-
ized assay (15).

Based on the positive results of the
DREAM study, the time for decisions con-
cerning under what circumstances TZDs
should be used in people without docu-
mented diabetes is now upon us. They
won’t be easy decisions.
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