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T he Veterans Affairs Cooperative
Studies Program (VACSP) has just
initiated a trial of the effect of inten-

sive glucose control on cardiovascular
complications in patients with type 2 di-
abetes. The name of the trial is “VACSP
#465, Glycemic Control and Complica-
tions in Diabetes Mellitus type 2” (V.A.
Diabetes Trial [VADT]). The trial is ex-
pected to generate discussion in the dia-
betes community because the central role
of glucose control in preventing or delay-
ing long-term complications is generally
accepted.

The data on macrovascular disease
are not yet conclusive. The VADT is di-
rected at type 2 diabetic patients with es-
tablished uncontrolled diabetes. This is
the population most frequently encoun-
tered by the practicing physician.

Cardiovascular (CV) complications
are the major causes of morbidity and
mortality in patients with type 2 diabetes
(1). Efforts to reduce glucose levels in
these patients must be balanced between
risks and benefits. Consideration of in-
tensive therapy must include effects of
glucose control on microvascular compli-
cations, macrovascular complications,
complications of therapy, and socioeco-
nomic issues, including patient quality of
life, compliance with therapy, and distri-

bution of available funds for care of pa-
tients with diabetes.

Microvascular disease
Both the Diabetes Control and Compli-
cations Trial (DCCT) (type 1 diabetes)
and the UK Prospective Diabetes Study
(UKPDS) (new-onset type 2 diabetes)
showed a significant beneficial effect of
glucose control on microvascular compli-
cations (2,3), as did the smaller Kum-
amoto study (4). Basic biochemical and
animal studies provide a solid foundation
for these findings, as do epidemiological
studies. From a clinical standpoint, this
issue is more complicated. Risk-to-benefit
ratios must be considered. This has not
been adequately addressed in older estab-
lished patients with type 2 diabetes.

In the UKPDS the main effect of glu-
cose control after 10.5 years was a
3/1,000 reduction in photocoagulation
for retinal disease (from 1.1% in the stan-
dard arm to 0.8% in the intensive arm)
(3). Glucose control did not have an effect
on clinical end points, such as visual acu-
ity or renal failure, or on cardiovascular
events. Thus, in newly diagnosed pa-
tients, conventional control (standard
glucose levels and visual and renal moni-
toring) resulted in clinical outcomes com-

parable with those achieved with more
intensive glucose control.

For younger type 2 diabetic patients,
intensive glucose control offers clear ad-
vantages for microvascular disease. One
example is a 45-year-old newly diagnosed
patient with no other significant disease.
In this patient, projecting the estimates of
the DCCT in type 1 diabetes, the estimat-
ed lifetime reduction in the risk for blind-
ness by reducing the HbA1c level from 9
to 7% is 2.6–0.3%, and the reduction for
renal failure is 3.5–2.0%. In contrast, a
65-year-old patient with newly diagnosed
diabetes has a relatively minor lifetime
risk reduction of either blindness or renal
failure if treated to an HbA1c level of 7%
from 9% (0.5–0.1% for blindness and
0.6 – 0.3% for renal failure). In either
case, these reductions must be balanced
against the risks and costs of intensive
therapy (5).

On the other hand, achieving usual
control levels (defined as an HbA1c ,9)
has demonstrable positive effects with
lesser risks. The development of compli-
cations is not a linear function of elevated
glucose levels. Increases in HbA1c level
from 9 to 11% result in far greater in-
creases in microvascular complications
than increases from 7 to 9% (5). Clini-
cians know it is easier, less risky, and less
costly to obtain levels in the 8.0 –9%
range than in the ,7% range. Notably,
there is yet no trial evidence in which
mean HbA1c levels in the intensive arm
were ,7%.

Results from new-onset patients can-
not necessarily be extrapolated to older
patients with established type 2 diabetes,
in whom nondiabetic causes are the more
frequent reason for loss of vision. Other
approaches for managing microvascu-
lar complications could make tight glu-
cose control a desirable but not essential
component in the management of type
2 diabetes. Periodical eye examination
and intervention may prevent 90% of
diabetes-related vision loss (6). No
glycemic control trial has yet demon-
strated differences in visual acuity, but
protection against visual deterioration
was shown with modest blood pressure
control goals (7).
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Macrovascular disease
All of these issues pale with consideration
of CV complications. Over two-thirds of
all morbidity, mortality, and health care
costs in patients with type 2 diabetes are
caused by CV disease. In type 2 diabetes,
the macrovascular mortality is 40 to 70-
fold higher than that of microvascular
disease (8). We have no intervention trial
data showing improvement in CV out-
comes with glucose control. Epidemio-
logical studies have shown mixed results,
with some showing a positive correlation
between marginally increased glucose
levels and cardiovascular complications,
and others showing no correlation (rev. in
9–11); the issue is thus unresolved.

Clinical trials
Clinical relevance of glucose control relies
on prospective trials. For CV disease,
these are few. The University Group Dia-
betes Program (UGDP) was the first major
prospective trial to examine the effect of
glucose control on CV events. The subse-
quent focus on the adverse effects of oral
agents has limited consideration of the
finding that glucose lowering with insulin
did not reduce CV events (12).

In the UKPDS there was no effect of
better glucose control by sulfonylureas or
insulin on total CV events in new-onset
patients. Subset analyses showed a non-
significant trend (P 5 0.052) to reduction
in nonfatal myocardial infarction (MI),
but other results were heavily dependent
on treatment method and patient charac-
teristics. For example, newly diagnosed
obese patients treated with metformin
had a reduction in MI (P , 0.01), but
sulfonylurea failures treated with added
metformin had an increase in MI (P 5
0.039) (13). The modest glycemic separa-
tion, the progressive deterioration, the
relatively modest doses of insulin used,
and the complexity of the UKPDS proto-
col limit interpretation of the data on ma-
crovascular disease.

A more recent trial in insulin-
dependent type 2 diabetes, the Veterans
Affairs Cooperative Study on Glycemic
Control and Complications in NIDDM
(VACSDM), found a strong tendency to-
ward worsening of CV outcomes in pa-
tients with intensive control (14). This
was a feasibility study used to develop the
current VA diabetes trial on glucose con-
trol and cardiovascular complications in
type 2 diabetes. In the VACSDM no clin-
ically significant adverse effects on micro-

vascular complications were seen with
patients under continued conventional
treatment. This study had an excellent
separation (2%) in A1c levels between the
study groups and was directed at the same
population as the current trial, i.e., in es-
tablished patients with poor glucose con-
trol. This study raises the possibility that
intensive glucose control could have ad-
verse CV effects.

The Kumamoto study did not show
significant effects on CV events (4). The Di-
abetes Mellitus Insulin Glucose Infusion in
Acute Myocardial Infarction (DIGAMI)
study showed significant reduction in re-
current MI in diabetic patients treated
with intravenous insulin after an acute ep-
isode (15). Because a similar protocol re-
sults in similar reductions in nondiabetic
patients (16), glucose control does not ap-
pear to be the explanation for the benefi-
cial effect. Other possibilities include
direct insulin effects on fatty acid metab-
olism or myocardial protein degradation.

Adverse effects of intensive
treatment
Adverse effects can be divided into gene-
ral and treatment-specific effects. General
effects include cost, patient inconve-
nience, and medical resource use (related
but not identical to cost). Specific effects
include hypoglycemia (and related conse-
quences), weight gain, early worsening of
angiopathy (2), the putative risk of hyper-
insulinemia (17,18), drug side effects, un-
known drug interactions, and reduced
responses to hypoglycemia.

A 10-fold increase in mild to moder-
ate hypoglycemic episodes occurs in al-
most all trials involving intensive glucose
control. Cognitive dysfunction can result
from repetitive hypoglycemia; this has
been commonly reported in type 1 diabe-
tes studies, and almost all studies in type 2
diabetes have shown similar results
(19,20). Recurrent hypoglycemia can also
result in noncognitive psychological ab-
normalities (21).

The VADT
The VADT has been developed to address
the effect of intensive glucose therapy on
CV complications in type 2 diabetes. The
VADT will include 1,700 men and
women in 20 VAMCs randomized to ei-
ther intensive (HbA1c goal ,6%) or con-
ventional (HbA1c goal of 8–9%) therapy.
The expected mean HbA1c levels are 6.5%
for intensive and 8.5% for conventional

therapy, an adequate separation for
meaningful results.

The VADT will be limited to type 2
patients inadequately controlled on stan-
dard therapy. Inclusion criteria require
C-peptide levels consistent with endog-
enous insulin secretion and HbA1c levels
.7.5%, despite maximal doses of one or
more oral agents and/or insulin therapy.
Thus, the trial will be directed at type 2
diabetes that is difficult to control, focus-
ing on the patients of most concern to care
providers.

Exclusions are limited to factors that
may impede adherence or study results.
Patients with renal insufficiency, severe
congestive heart failure, or recent history
of CV event, (,6 months previously) will
be excluded. Substance abuse and unreli-
ability will also be criteria for exclusion.

The primary end points of the trial are
the following clinical CV events: acute MI,
death from CV disease, stroke, congestive
heart failure, amputation from peripheral
vascular disease (PVD), surgical interven-
tion for coronary or PVD, and critical limb
ischemia. Secondary end points include an-
gina, claudication, retinopathy, nephrop-
athy, neuropathy, quality of life, cognitive
function, and cost-effectiveness.

Factors other than glucose levels will
be treated identically in both groups. All
patients will be managed according to
standards of care established by the Amer-
ican Diabetes Association and the VA. Ed-
ucation on diet, exercise, and smoking
cessation will be given. Lipid and blood
pressure levels will be treated to the goals
established by these groups. Monitoring
and care of the eyes and kidney and other
complications will also be performed ac-
cording to the standards of care.

The glycemic treatment approach
common to both arms in the VA study is
combination therapy because all patients
have inadequate control on monother-
apy. The algorithm is initial therapy with
metformin (obese) or glimiperide (lean),
followed by rosiglitazone, followed by in-
sulin. Conventional therapy will adhere
to the same algorithm, but maximal doses
will be restricted in the initial steps.

Although ultimate doses of pharma-
cological agents will be different in the
two groups, the goal is to have equal dis-
tribution of therapeutic classes of agents
(e.g., insulin secretagogues, insulin sensi-
tizers, and exogenous insulin). This study
will not try to address possible differences
among the various agents, but rather at-
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tempt to follow what has become the
usual approach to therapy (i.e., combina-
tion therapy). This is the rationale behind
the choice to limit initial doses of agents in
the standard group in order to accelerate
combination therapy using multiple
drugs. This approach may well be stan-
dard usual therapy in the future, given the
success of the metformin glyburide com-
bination and other formulations in devel-
opment. In particular, the protocol was
designed to insure that the use of exoge-
nous insulin would be similar in the two
groups. Obviously, separation of HbA1c
levels requires differences in therapy. We
chose to make these differences due to dose
of agent rather than type of treatment.

Safety issues
Data from the feasibility trial (14) suggest
that significant deterioration of microvas-
cular complications is unlikely in the
standard group. In fact, the expected im-
provement in lipid and blood pressure
control due to the close monitoring and
follow-up should provide microvascular
benefits to the standard group over usual
care in these patients. All patients will be
monitored closely for development or
progression of retinopathy, nephropathy,
and other complications, with interven-
tions as appropriate.

Glucose control in the standard
group will not be worsened by inclusion
in this trial. Patients already under ex-
cellent control (HbA1c ,7.5%) or on a
less-than-maximal dose of an oral agent
and/or on insulin will be excluded. The
expected HbA1c in the standard group is
8.5%. The average HbA1c in the patients
thus far randomized is 9.0%. Therefore,
glucose control in the trial will be better
than current care.

Finally, an independent Data and
Safety Monitoring Board will follow
progress and results closely to ensure that
patient safety is not compromised.

CONCLUSION — This trial has been
in development since 1988, when the
planning for the feasibility trial began. De-
spite the success of the feasibility study,
financial limitations have delayed initia-
tion of the full trial until now (22). This
is the most costly trial ever performed by
the VA and is only possible through ex-
tramural VA research support, includ-
ing support from VA clinical services, the
American Diabetes Association, and vari-
ous pharmaceutical companies, includ-

ing SmithKline Beecham, Novo Nordisk,
Aventis, Roche, and Kos. This broad-based
support reflects the importance of this
trial. Its results are expected to provide
firm information on the relative effect of
glycemic control on the prevention of CV
morbidity and mortality of established
type 2 diabetes in older patients. The im-
portance of glycemic control would not
be a question if there were no potential
adverse effects of intensive control. Even
the minor benefits in retinopathy or ne-
phropathy seen with lowering HbA1c lev-
els from 9 to 7% would be justified if this
could be achieved without potential harm.
Unfortunately, intensive therapy has a
downside; it increases hypoglycemia,
which has physical, mental, social, and
economic impacts. Intensive therapy also
increases health care costs, drug side ef-
fects, patient and physician efforts, com-
plexity of therapy (potentially leading to
reduced compliance and quality of life),
and possibly acceleration of established
complications. Given limited resources
(financial, health care provider, and pa-
tient capability), should we put our efforts
into glucose control in older established
patients or into other areas, e.g., blood
pressure control, lipid therapy, support
systems, etc.? The VADT is designed to
address these issues. It is not designed to
compare bad control (HbA1c levels .10)
with intensive therapy (HbA1c levels ,6)
or very good control (HbA1c ,7.5) with
intensive therapy. It will compare good
control (HbA1c ,9) with excellent con-
trol (HbA1c ,6.9%).
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