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DIABETES, HYPERGLYCEMIA, AND THE CARDIOLOGIST

From Hyperglycemia to the Risk
of Cardiovascular Disease
Lawrence A. Leiter, MD, FRCPC, FACP
Division of Endocrinology and Metabolism, St. Michael’s Hospital and Departments of Medicine
and Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada

Blood glucose is a continuous, progressive risk factor for cardiovascular disease (CVD)
throughout the dysglycemic range. There is also evidence that post-prandial hyper-
glycemia may be a better predictor of CVD risk than fasting plasma glucose or A1C. 
Targeting normoglycemia appears to reduce CVD events in diabetes mellitus (DM),
although definitive studies in type 2 DM, as well as in prediabetes, are ongoing.
Prediabetes has some, but not total, overlaps with the metabolic syndrome. Patients
with the metabolic syndrome are at a significantly increased risk for both CVD and
DM. Although the individual components of the syndrome predict risk for CVD to
approximately equal degree, increased blood glucose, perhaps not surprisingly, is
the best predictor of diabetes. Finally, there are multiple mechanisms by which
hyperglycemia can increase the risk for CVD.
[Rev Cardiovasc Med. 2006;7(suppl 2):S3-S9]
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It has long been established that diabetes mellitus (DM) is associated with a
significantly increased risk for chronic complications including cardiovascu-
lar disease (CVD). There are now increasing emerging data indicating that

even milder states of hyperglycemia, sometimes termed “dysglycemia,” can also
be associated with increased risk. This article will review the relationship be-
tween hyperglycemia and the risk of both micro- and macrovascular disease,
as well as the relationship between impaired fasting glucose (IFG)/impaired
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glucose tolerance (IGT) (collectively
known as prediabetes) and the risk
for both DM and CVD. It will also
discuss the relationship between the
various definitions of the metabolic
syndrome and the risk for DM and
CVD, as well as the overlap between
dysglycemia and the metabolic syn-
drome. Finally, it will briefly high-
light mechanisms by which hyper-
glycemia can increase the risk of
CVD.

What Is Normoglycemia?
The current American Diabetes Asso-
ciation classification of diabetes1

defines a normal fasting plasma glu-
cose (FPG) as � 100 mg/dL, IFG as a
blood glucose of 110 to 125 mg/dL,
and diabetes as a fasting glucose 
� 126 mg/dL. With regard to the 
2-hour glucose, “normal” is � 140
mg/dL, IGT is � 140 to � 200 mg/dL,
and diabetes is � 200 mg/dL. What is
not well appreciated, however, is
that even the cut-offs for “impaired”
fasting glucose or glucose tolerance
are well above what is probably truly
normal. For example, data from
NHANES III2 reveal that the mean
FPG level in people without DM or
IGT is 92 mg/dL (with a 75th centile
of 97 mg/dL), and the mean 2-hour

PG is 97 mg/dL (and a 75th centile of
122 mg/dL).

What Is the Relationship
Between Dysglycemia and 
Risk for DM and CVD?
The first issue in attempting to assess
glycemic risk is to determine which
of these parameters of glycemia
should be addressed: the basal glu-
cose level represented by the FPG
level, the peak glucose level repre-
sented by the post-prandial value, or
the long-term mean glucose level
represented by A1C?

A meta-regression analysis by
Coutinho and colleagues3 (Figure 1)
showed a continuous and exponen-
tial relationship between both fast-
ing and 2-hour glucose levels and
risk of CV events. Even glucose levels
in the “normal” range were already
associated with increased vascular
risk. An FPG of 110 mg/dL was al-
ready associated with a 33% in-
creased relative risk, with a 2-hour
blood glucose of 140 mg/dL associ-
ated with a 58% increased relative
risk for CVD.

It has therefore been proposed
that whereas the current diagnostic
criteria for DM are based on risk for
microvascular complications, the

risk for CVD may begin to increase
at lower glucose levels. Interest-
ingly however, recent evidence
from the Diabetes Prevention Pro-
gram4 revealed cases of retinopathy
in individuals with IGT alone, sug-
gesting that microvascular complica-
tions can also occur in individuals
with dysglycemia.

With regard to A1C and risk of vas-
cular disease, data from the Epic-
Norfolk Study5 showed an increased
risk for both coronary heart disease
(CHD) and CV events, as well as all-
cause mortality events, even in indi-
viduals without significantly ele-
vated A1C levels. An especially
increased risk was associated with an
A1C � 7%, especially in women.
Overall, every absolute 1% increase
in A1C was associated with a 20%
to 30% increase in CV events or
mortality.

Data from the Diabetes Epidemiol-
ogy: Collaborative Analysis of Diag-
nostic Criteria in Europe (DECODE)
Study, a collaborative prospective
study of 22 European cohorts involv-
ing almost 30,000 individuals not
known to have DM,6 revealed a pro-
gressive rise in risk for all-cause mor-
tality as fasting glucose levels pro-
gressed from normal to IFG, and to
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Figure 1. Glucose levels and risk of cardiovascular events, based on 2-hour glucose and fasting blood glucose levels. Reprinted with permission from
Coutinho M et al.3
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DM. Similar increases were observed
with regard to the 2-hour glucose
levels as values progressed from nor-
mal to IGT, and to DM. Interestingly,
however, if the 2-hour glucose level
was corrected for the fasting glu-
cose level, the relationship was
maintained, whereas if the fasting
glucose level was corrected for the 
2-hour glucose level, the relationship
disappeared. These findings imply
that the excessive CV risk is driven
primarily by the post-prandial, rather
than by the fasting, glucose levels.

The differing risks associated with
IGT versus IFG are perhaps not very
surprising if one recognizes that
these states of glucose intolerance
also differ in terms of their epidemi-
ology and pathophysiology. IGT is
more common in older individuals,
and more common in women than
in men. Furthermore, it appears to be
primarily related to increases in in-
sulin resistance in peripheral tissues
such as muscle. IFG, in contrast, has
peak prevalence in middle-aged indi-
viduals, occurs more commonly in
men, and appears to be related to in-
creased hepatic glucose production,
as well as defects in insulin secretion.

The Hoorn Study, a Dutch cohort
study, showed that the risk of devel-
oping DM is similarly strongly re-
lated to the presence of both IFG and
IGT.7 In 1342 non-diabetic individu-
als aged 50 to 75 years with a mean
duration of follow up of 6.4 years, an
FPG of 110 to 140 mg/dL was associ-
ated with a � 7-fold increased risk of
developing type 2 DM relative to an
FPG of � 110 mg/dL. IGT was associ-
ated with a similar risk. Individuals
who had both IFG and IGT, however,
had about a 15-fold increased risk of

developing DM. Interestingly, data
from the Hoorn Study also revealed,
perhaps not so surprisingly, that
dropping the lower limit for IFG
from 110 to 100 mg/dL added a pop-
ulation at lower risk of developing
DM relative to those who had an
FPG of 110 to 125 mg/dL. Subjects
with an FPG between 110 and 
125 mg/dL had an approximate 43%
risk of developing DM over 6 years
compared to an approximate 15%
risk for those who had a fasting
value between 100 and 110, and an

approximate 5% risk for those who
had a fasting value � 100 mg/dL.

Although IFG and IGT are associ-
ated with similar risks for developing
DM, the associated risks are different

for CVD. In the Japanese Funagata
Study,8 for example, subjects with
IGT, similar to those with DM, had a
cumulative survival rate from CVD
that was significantly lower than
those with normal glucose tolerance
over 7 years of follow-up. In con-
trast, those subjects with IFG had a
cumulative survival rate from CVD
that was not significantly lower than
those with normal glucose tolerance.

What Are the Data on the 
Benefits of Glucose Lowering
and CVD Risk in DM?
With regard to intervention data, the
largest study in type 2 DM is the
United Kingdom Prospective Dia-
betes Study (UKPDS). In this large,
randomized controlled trial of almost

4600 patients who were followed for
a mean of 10 years, the risks for both
microvascular disease and myocar-
dial infarction (MI) were related to
A1C levels, with no lower thresh-
old to the benefits of glycemic
control.9 Nonetheless, in the pri-
mary intention-to-treat analysis, the
intensive control policy was not as-
sociated with a significant reduction
in CV events.10 There are recent data,
however, from long-term follow-up
in 1441 subjects with type 1 DM
from the Diabetes Control and Com-
plications Trial (DCCT), demonstrat-
ing that improved glycemic control
is associated with long-term CV ben-
efits.11 In the main DCCT study,12

intensive therapy was associated
with a non-significant reduction in
CV events. More recently, the long-
term follow-up of the DCCT cohort
revealed that early intensive therapy
reduced the risk of non-fatal MI,
stroke, or death from CVD by 57% 

(P � .02).11 Although the DCCT
cohort had type 1 DM, rather than
type 2 DM, these data are important
as they confirm the glucose hypoth-
esis and are the first convincing in-
tervention data that improved
glycemic control reduces CV risk.
Furthermore, they highlight the
long-term benefits of early improved
glycemic control.

What Are the Data on the 
Benefits of Glucose Lowering
and CVD Risk in Prediabetes?
There are, as yet, no data suggesting
that glucose lowering in individuals
with prediabetes will lower CV 
risk. Ongoing studies, such as the
Outcome Reduction with Initial
Glargine Intervention (ORIGIN)

The differing risks associated with IGT versus IFG are perhaps not very sur-
prising if one recognizes that these states of glucose intolerance also differ
in terms of their epidemiology and pathophysiology.

The long-term follow-up of the Diabetes Control and Complications Trial
cohort revealed that early intensive therapy reduced the risk of non-fatal
myocardial infarction, stroke, or death from cardiovascular disease by 57%.
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study using the long-acting insulin
analogue glargine in subjects with
IFG, IGT and early diabetes, and the
Nateglinide And Valsartan in Im-
paired Glucose Tolerance Outcome
Research (NAVIGATOR) study, using
the short-acting insulin secretagogue
nateglinide in subjects with IGT,
may provide us with this important
information.

What Is the Relationship 
Between the Metabolic
Syndrome and the Risk for
Both DM and CVD?
Although dysglycemia is a feature of
the metabolic syndrome, it must be
recognized that, despite this overlap,
many patients with the metabolic
syndrome do not have dysglycemia.
Much has been written recently
about the concept of the metabolic
syndrome, whether it is a distinct
syndrome, and whether the concept
is a useful one.13,14 A thorough dis-
cussion of this topic is beyond the
scope of this review. It should, how-
ever, be recognized that all the defin-
itions of the metabolic syndrome in-
clude the essential components of an
atherogenic dyslipidemia, insulin re-
sistance/glucose intolerance (which
may evolve into type 2 DM), a 
pro-inflammatory profile, a pro-
thrombotic profile, and raised blood
pressure. Despite this conceptual
agreement, the specific criteria used
to define the metabolic syndrome
vary from definition to definition.15

One of the more widely used defin-
itions of the metabolic syndrome is
that of the National Cholesterol Edu-
cation Program (NCEP). In their orig-
inal 2001 classification,16 (Table 1) the
diagnosis of metabolic syndrome
required at least 3 of the following 
5 criteria: abdominal obesity, high
triglycerides, low HDL, elevated blood
pressure, and an FPG � 110 mg/dL. In
a 2004 update,17 the FPG criterion
was lowered to 100 mg/dL to be con-

sistent with the new American Dia-
betes Association criteria for IFG.18

The International Diabetes Federa-
tion (IDF) recently developed its own
definition of the metabolic syn-
drome.19 It employs the same 5 crite-
ria, but diagnosis requires central
obesity as a mandatory criterion plus
2 of the other 4 criteria. In addition,
the waist circumference cut-offs for
the definition of central obesity are
country/ethnicity specific. This recog-
nition of the ethnic differences in
body fat distribution is most wel-
come, but the data supporting the
specific cut-offs are not always robust.

The prevalence of the metabolic
syndrome and its associated risk
depend on the definition being used
and the population being studied.
Using the NCEP definition in adult
Americans from the NHANES III
database,20 an age-adjusted preva-
lence of 23.7% was found with an
approximately equal overall preva-

lence between men and women. In
contrast, the prevalence of abnormal
fasting glucose (� 110 mg/dL) was
12.6%. This highlights the fact that
although dysglycemia is a feature of
the metabolic syndrome, only a frac-
tion of patients with the syndrome
will also have dysglycemia.

Many studies have shown in-
creased CV risk associated with the
presence of the metabolic syndrome.
In the Kuopio Heart Study, for exam-
ple, all-cause mortality was increased
by 2.13-fold and CVD mortality by
3.55 fold in subjects with the meta-
bolic syndrome who were followed
over a median of 11.6 years.21 An-
other study looking at the San
Antonio Heart Study population22

compared the relation between the
metabolic syndrome, defined by
either the NCEP or World Health Or-
ganization (WHO) criteria, and the
risk for all-cause and CV mortality.
Both definitions predicted increased
risk for CV mortality in the general
population (but with an adjusted
hazard ratio of 2.53 for patients with
NCEP-defined versus 1.63 for WHO-
defined metabolic syndrome). In
lower-risk subjects (those without
DM or CVD), only the NCEP defini-
tion predicted increased risk. An-
other interesting study published by
Alexander and colleagues23 studied
the prevalence of coronary heart dis-
ease (CHD) in adults in the NHANES
cohort over the age of 50 and re-
vealed an interesting interaction be-
tween the presence or absence of the
metabolic syndrome and of type 2
DM. Subjects with the metabolic
syndrome and no type 2 DM had a
13.9% prevalence of CHD versus an
8.7% prevalence in those individuals
without the metabolic syndrome
and without type 2 DM. Not surpris-
ingly, people with type 2 DM plus
the metabolic syndrome had a signif-
icantly higher prevalence of 19.2%.
What was of interest, however, was

Table 1
NCEP Adult Treatment Panel III

Definition of Metabolic Syndrome

Defining 
Risk Factor Level16

Abdominal obesity 
(waist circumference)

Men � 40 inches
Women � 35 inches

Triglycerides � 150 mg/dL

HDL cholesterol
Men � 40 mg/dL
Women � 50 mg/dL

Blood pressure � 130/
� 85 mm Hg

Fasting plasma � 110 mg/dL
Glucose � 100 mg/dL18

Data from Expert Panel on Detection,
Evaluation, and Treatment of High Blood
Cholesterol in Adults16 and American
Diabetes Association.18 NCEP, National
Cholesterol Education Program; HDL, high-
density lipoprotein.
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the fact that in people with type 
2 DM who did not have the features
of the metabolic syndrome (which
comprised only about one sixth of
the patients with type 2 DM), the
prevalence of CHD (7.5%) was no
higher than in people without DM
and without the metabolic syn-
drome. This study highlights the
heterogeneity of CV risk in individu-
als with type 2 DM.

Another concern about the con-
cept of the metabolic syndrome is
that it is a dichotomous definition.
That is, patients either have or do
not have the syndrome. A number of
studies have shown, not surprisingly,
that the number of features of the
metabolic syndrome will also predict
risk. For example, in the West of
Scotland Coronary Prevention Study

of 5974 men, those individuals with
4 or 5 features of the metabolic syn-
drome had a greater risk for coronary
death and non-fatal MI, and a much
higher risk of new-onset type 2 DM
relative to those individuals with just
3 of the features.24

Regarding which of the metabolic
syndrome features is the best predic-
tor of risk, in another analysis of the
NHANES III database, an FPG � 

110 mg/dL was associated with a non-
significant 1.25 odds ratio of MI,
whereas the presence of the metabolic
syndrome was associated with a 2.01
odds ratio (P � .0001).25 In the San
Antonio Heart Study,26 it was reported
that metabolic syndrome traits did
not have equal predictive power. In
terms of the risk of type 2 DM per
unit change in risk trait level, every 

1 mg/dL increase in FPG was associ-
ated with an 8% increased risk for
type 2 DM. The corresponding figures
were 7% for every kg/m2 increase in
BMI, 4% per mg/dL decrease in HDL
cholesterol, and 2% for every 1 mm
Hg increase in systolic blood pressure.

A very useful study was published
by Wilson and colleagues27 looking
at 3323 subjects in the Framingham
Offspring Study followed for a mean
of 8 years. Each of the 5 traits of the
NCEP definition of metabolic syn-
drome was associated with an ap-
proximately 1.5- to 2.5-fold in-
creased relative risk for CVD, “hard”
CHD, and CHD. In contrast, perhaps
not surprisingly, with regard to the
predictive value for type 2 DM,
hyperglycemia (defined as an FPG �
100 mg/dL) was associated with a

Hyperglycemia
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Figure 2. Pathways of vascular glucotoxicity. AGE, advanced glycation end product; PKC, protein kinase C; NF-KB, nuclear factor-KB; iNOS, inducible
NO synthase; eNOS, endothelial NO synthase; NO, nitric oxide; DNA, deoxyribonucleic acid; PARP, poly(ADP-ribose)polymerase; NAD, nicotine
adenine dinucleotide; GAPDH, glyseraldehyde-3-phosphate dehydrogenase. Adapted with permission from Ceriello A.28
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12.5-fold increased relative risk
versus 2.4 to 4.4 for the other indi-
vidual traits. Similarly, looking at
the various combinations of 2 and 3
traits, those combinations that
included an elevated blood glucose
were associated with an increased
risk for DM, although once again
the risk for the CV outcomes were
similar.

How Does Hyperglycemia 
Increase the Risk of CVD?
A number of putative pathways have
been proposed to explain the mech-
anism(s) by which hyperglycemia
may lead to vascular disease.
Ceriello28 proposed that hyper-
glycemia may lead to overproduc-
tion of superoxide as the first and
key event in the activation of other
pathways involved in the pathogen-
esis of diabetes complications, in-
cluding polyol pathway flux, ad-
vanced glycation end product
formation, activation of protein
kinase-C and nuclear factor-�B, and
increased hexosamine pathway flux
(Figure 2). These abnormalities
result in endothelial dysfunction
leading to the development of dia-
betes-related micro- and macrovas-
cular disease complications. He
also suggests that post-prandial hy-
perglycemia may be particularly

atherogenic, as it leads to even
greater increases in peroxynitrite and,
thus, increased levels of nitrotyrosine
and endothelial dysfunction.

Summary
In summary, there is considerable
evidence that blood glucose is a con-
tinuous, progressive risk factor for
CVD outcomes throughout the dys-
glycemic range. There is also evi-
dence to suggest that post-prandial
hyperglycemia may be a better pre-
dictor of risk than FPG or A1C. Tar-
geting normoglycemia appears to re-
duce CV events in DM, although
definitive studies in type 2 DM are
ongoing. Evidence is also still pend-
ing as to whether normoglycemia re-
duces CV events in dysglycemic indi-
viduals without DM. Prediabetes
(IFG/IGT) has some, but not total,
overlap with the metabolic syn-
drome. The prevalence and risk of di-
abetes and CVD depends on the def-
inition of the metabolic syndrome
that is employed, but there is in-
creasing emerging evidence that pa-
tients with the metabolic syndrome
are at significantly increased risk for
both of these cardiometabolic out-
comes. Finally, there are multiple
mechanisms by which hyper-
glycemia can increase the risk for
CVD.
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Main Points
• There is great evidence that blood glucose is a continuous, progressive risk factor for cardiovascular disease (CVD)

outcomes throughout the dysglycemic range, and evidence to suggest that post-prandial hyperglycemia is a better
predictor of risk than fasting plasma glucose levels or A1C. 

• Targeting normoglycemia appears to reduce cardiovascular events in patients with diabetes mellitus (DM), although
definitive studies in type 2 DM are ongoing. 

• Prediabetes has some overlap with the metabolic syndrome. 

• There is increasing emerging evidence that patients with the metabolic syndrome are at significantly increased risk
for cardiometabolic outcomes. 

• There are many mechanisms by which hyperglycemia can increase the risk for CVD.
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