
N A L A R T I C L E

The Burden of Chronic Hyperglycemia
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Diabetic complications constitute the principal clinical and economic burdens of diabetes.
Available evidence indicates that sustained reduction in hyperglycemia (as measured by
HbAlc) reduces the incidence of diabetic complications, including microvascular and neuro-
logical disease, and will likely reduce the risk of macrovascular disease. In the U.S., targeting
interventions to aged and ethnic subpopulations, which are currently receiving suboptimal
care, and increasing efforts to lower the average HbAlc concentrations one or two percentage
points in people with diabetes would be a more cost-effective goal than aiming for a theoreti-
cal HbAlc threshold below which the risk of complications is negligible. Other risk factors for
diabetic complications, such as obesity, hypertension, cigarette smoking, and hypercholes-
terolemia, must also be addressed to reduce the burden of diabetes.
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When discussing the burden of
chronic hyperglycemia, it is impor-
tant to consider the medical and

economic burdens that derive from the
complications of diabetes. Another consid-
eration that must be addressed is growth in
the burden of diabetes with increasing age
and the relatively greater disease burden
within certain ethnic populations of the
U.S. Any discussion of the burden of
chronic hyperglycemia entails recognizing
the association between hyperglycemia and
obesity, hypertension, and dyslipidemia,
particularly in the Western world.

INSULIN RESISTANCE — Insulin
concentrations are actually highest in the
mildest stage of diabetes, as a result of
insulin hypersecretion to overcome insulin
resistance (1). The ability of the pancreas to
respond to insulin resistance decreases as
the disease progresses, and hyperglycemia
becomes more severe.

Disease progression in people with
type 2 diabetes has been illustrated by the
results of glucose uptake (glucose clamp)

studies (2,3). Relative to normal patterns of
glucose uptake in healthy adults, people
with impaired glucose tolerance or type 2
diabetes have a dramatic decrease in the
ability of the peripheral tissues (primarily
muscle) to take up glucose from the blood-
stream. In addition, as fasting glucose con-
centrations rise, so does hepatic glucose
production, indicating that the insulin
resistance of diabetes exists not only in the
periphery but also in the liver (4). Thus,
type 2 diabetes is characterized by both
decreased peripheral glucose utilization
and increased hepatic glucose production.

HYPERGLYCEMIA AND
THE COMPLICATIONS OF
DIABETES — Clinicians have suspected
for many years that the complications of
diabetes were secondary to hyperglycemia.
However, the "snapshot" images of glycemic
exposure provided by measurements of uri-
nary glucose excretion were insufficient to
establish this association. With the develop-
ment of the glycosylated hemoglobin test
(which measures average glycemia overlong
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periods of time) and reliable technologies for
ambulatory glucose self-monitoring (which
conveniently measures glucose concentra-
tions on a moment-to-moment basis), the
tools were finally available to provide a more
complete picture of glycemia and to pre-
cisely relate blood glucose concentrations to
the complications of diabetes.

The introduction of the glycosylated
hemoglobin (HbAjc) test alerted clinicians
to the vast problem of chronic hypergly-
cemia among people with diabetes. At the
same time, researchers were elucidating the
mechanisms underlying the normal physi-
ology of glucose regulation and insulin
secretion. This research resulted in the
development of insulin regimens that more
closely mimicked normal physiological pat-
terns (5,6). The eventual outcome of these
scientific and technological developments
was a recommendation for a clinical trial to
determine if hyperglycemia and the com-
plications of diabetes were associated and
whether the development and progression
of complications could be modified by
intensive control of blood glucose concen-
trations. The trial that emerged from these
recommendations, the Diabetes Control
and Complications Trial (DCCT), was com-
pleted in 1993; it definitively established
the relationship between hyperglycemia
and the microvascular and neurological
complications of diabetes in people with
type 1 diabetes (7).

The DCCT protocol also formed the
basis of the Kumamoto trial of intensive
insulin therapy in 110 people with type 2
diabetes (8). In the Kumamoto trial, 6 years
of treatment with an intensive (four times
daily) insulin regimen was associated with a
reduction of HbAlc concentrations to
~7.1% compared with an average HbAlc

concentration of 9.4% in the conventional
insulin regimen group (treated twice daily
with similar total daily doses of insulin).
Compared with conventional insulin regi-
mens, intensive insulin therapy also reduced
fasting and postprandial blood glucose con-
centrations and the variability in both blood
glucose and HbAlc concentrations. Reduc-
tions in microvascular and neurological
events were similar to those seen in the
DCCT The Japanese subjects enrolled in
this trial were thin and relatively insulin sen-
sitive compared with typical individuals
with type 2 diabetes in the U.S. and other
Western nations, who are obese and
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markedly insulin resistant (9). Nevertheless,
these results offer compelling evidence of the
relationship between complications and
blood glucose control in type 2 diabetes.

Cardiovascular complications of
diabetes
Despite the existence of strong epidemio-
logical evidence, clinical data on the rela-
tionship between macrovascular complica-
tions (cardiovascular disease) and diabetes
remain limited (10). Strong epidemiological
data exist that relate the incidence of cardio-
vascular disease to hyperglycemia in people
with type 2 diabetes (11-13). Although both
the DCCT and the Kumamoto study
showed decreases in cardiovascular events
with intensive treatment, in neither case
were the results significant. Epidemiological
data on the original cohort of DCCT subjects
will continue to be gathered for approxi-
mately another 10 years and should begin to
provide useful information on cardiovascu-
lar complications in 4 or 5 years.

Weight gain
The DCCT population showed, on average,
a 10-pound weight gain during the course
of therapy (7). In contrast, the 2-year Veter-
ans Administration study of 250 people
with type 2 diabetes demonstrated that
intensive management of hyperglycemia
with insulin is associated with a very low
incidence of side effects, such as hypogly-
cemia and weight gain (14). The latter study
incorporated monthly visits to a dietitian.

FORMULATING
CLINICAL GOALS FOR
HYPERGLYCEMIA— For each per
centage point rise in HbAlc concentrations
(e.g., from 9 to 10%), the risk of develop-
ing diabetic complications over the next
decade increases between 20% (ischemic
heart disease) and 200% (microvascular
disease) (15). Over the range of HbAlc con-
centrations from 7 to 11%, the relative risk
of complications is reduced by —40% for
every 10% reduction in HbAlc concentra-
tions (16).

Although there may be some threshold
level below which HbAic concentrations
may be lowered to completely eliminate
risk, this may be an unrealistic clinical goal.
A more realistic public health goal may be
to lower the mean HbAic concentration in
all people with diabetes. Reducing HbAlc

concentrations by as little as one percentage
point would have tremendously positive
clinical consequences among those with

the highest HbAlc concentrations and
would greatly decrease the overall burden
of diabetes among the entire population.

Such a tactic would be particularly crit-
ical in selected populations, such as Mexi-
can-American, Native American, and Med-
icaid populations. In these groups, the
population distribution curves for HbAlc

concentrations are skewed toward higher
average concentrations, reflecting a lack of
adequate minimal management of their con-
dition. Thus, a population-based interven-
tion involving diet, exercise, and pharmaco-
logical therapy with a sulfonylurea could
probably readily, and relatively inexpen-
sively, lower average HbAlc concentrations
one or two percentage points among these
groups.

Similarly, only fairly inexpensive inter-
ventions would be needed to lower average
HbAlc values to —8% among the general
population of people with diabetes (in
whom HbAlc concentrations average
— 10%). In contrast, reducing the HbAlc

concentration of the general diabetes pop-
ulation below 8% would probably entail a
much greater intensity of care and would
be relatively expensive to achieve. Also,
there may be individuals who routinely
have HbAlc concentrations of 12% or
greater not for lack of adequate care but
because of noncompliance with their treat-
ment regimen or because of some inherent
aspects of their disease. To achieve a mean-
ingful decrease in HbAlc concentrations in
these individuals would probably be rela-
tively expensive.

HYPERGLYCEMIA AND
OBESITY, HYPERTENSION,
AND DYSLIPIDEMIA — In the
Western world, the vast majority of people
with type 2 diabetes not only have insulin
resistance, hyperinsulinemia, and hyper-
glycemia, but also lipid abnormalities,
hypertension, and obesity. About 20% of
the U.S. population smoke cigarettes. Non-
diabetic individuals who smoke, are obese,
or have other risk factors such as hyper-
tension or dyslipidemia have a higher rate
of cardiovascular disease: the greater the
number of risk factors, the higher the rate
of cardiovascular disease (17). However,
for any given risk factor, or combination of
risk factors, people with diabetes are more
likely to have cardiovascular disease than
are nondiabetic individuals. Indeed, while
risk factors for cardiovascular disease are
additive in nondiabetic persons, they are
almost certainly multiplicative in people

with diabetes (17). Thus, any effort to
reduce the burden of diabetes must also
address other risk factors for diabetic com-
plications, such as obesity, hypertension,
cigarette smoking, and dyslipidemia.

There is considerable debate regarding
the potential mechanism for the develop-
ment of hyperglycemia and its role in vas-
cular disease (10). However, it is known
that normalization of glycemia tends to
normalize serum lipid profiles (18,19).
Thus, control of glycemia is the initial treat-
ment modality in people with diabetes who
have dyslipidemia, followed by specific
therapy.

CONCLUSIONS— Reducing hyper-
glycemia will reduce diabetic complications,
which constitute the major clinical and eco-
nomic burdens of diabetes. Available evi-
dence indicates that sustained reductions in
hyperglycemia (as measured by HbAk.)
reduce the risk of developing microvascular
disease and most likely reduce the risk of
macrovascular disease. Targeted interventions
for subpopulations currently receiving sub-
optimal care and efforts at lowering the aver-
age HbAlc concentrations of the general pop-
ulation of people with diabetes by one or two
percentage points would be more cost-effec-
tive goals than aiming for a theoretical HbAk.
threshold below which the risk of complica-
tions is negligible. However, to obtain the
maximum benefit, other risk factors for dia-
betic complications, such as obesity, hyper-
tension, cigarette smoking, and hyper-
cholesterolemia, must also be addressed.
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