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REVIEW

Postprandial dysmetabolism and cardiovascular disease in
type 2 diabetes
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The worldwide prevalence of type 2 diabetes mellitus has
reached epidemic proportions. The so-called traditional
risk factors cannot fully explain the excessive
cardiovascular disease risk of type 2 diabetic patients.
Numerous studies indicate that postprandial metabolic
derangements, most notably hyperglycaemia and
hypertriglyceridaemia, which are exaggerated and
prolonged in type 2 diabetes, are important cardiovascular
disease risk factors since they induce oxidative stress and
endothelial dysfunctions. This review discusses the current
evidence showing that postprandial dysmetabolism may
indeed constitute an important cardiovascular disease risk
factor as well as the mechanisms underlying this
association. Finally, some possible therapeutic options and
recommendations for future research are discussed.
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T
he worldwide prevalence of type 2 diabetes
mellitus is growing rapidly, reaching epi-
demic proportions.1 One of the major reasons

of the increased prevalence in developing coun-
tries is the adoption of the so-called western
lifestyle—that is, a high intake of energy dense
food and a low physical activity pattern. These
lifestyle changes lead to one of the key abnorm-
alities underlying type 2 diabetes mellitus—that
is, insulin resistance. Insulin resistance is asso-
ciated with central obesity, hyperinsulinaemia,
polycystic ovary syndrome, hypertension, and
dyslipidaemia.2 3 Hyperglycaemia, the estab-
lished diagnostic marker of diabetes mellitus, is
the result of the second key feature, progressive
pancreatic b-cell failure.
It is well recognised that type 2 diabetic

patients have an excess risk of developing
atherosclerosis, resulting in high cardiovascular
disease morbidity and mortality.4 Therefore, with
the rise of the prevalence of diabetes, it may be
expected that the global burden of cardiovascular
disease will also increase. Since the so-called
traditional risk factors such as high cholesterol,
hypertension, smoking, and low high density
lipoprotein (HDL) cholesterol, cannot fully
explain the excessive cardiovascular disease risk
of type 2 diabetic patients, other risk factors need
to be identified.5

Two important processes involved in the
development of atherosclerosis, the underlying
cause of cardiovascular disease, are inflamma-
tion and coagulation activation.6 Although the
exact mechanisms underlying atherogenesis are

still not completely understood, vascular endo-
thelial dysfunction is generally believed to be
the starting point.6 7 Under normal conditions,
the multiple functional characteristics of the
endothelium, including regulation of the vascu-
lar tone, thrombogenesis, vascular wall perme-
ability, and cell growth, collectively protect the
vascular system.7 Adequate production of nitric
oxide has a pivotal role in the majority of these
processes. Since endothelial functions cannot be
measured directly, several indirect methods have
been developed to estimate these functions.
These include the assessment of plasma concen-
trations of endothelial-cell derived proteins,
including von Willebrand’s factor (vWF), vascu-
lar cell adhesion molecule-1 (VCAM-1) and
intercellular adhesion molecule-1 (ICAM-1),7 as
well as the more complicated measurement of
nitric oxide-dependent vasodilatation or flow-
mediated dilatation (FMD) of the brachial artery
by non-invasive ultrasound.8 Increased plasma
concentrations of vWF, VCAM-1 and ICAM-1,
and a decreased FMD have been associated with
an increased risk of cardiovascular disease.7 8

Other cardiovascular disease risk factors which
have been recognised recently include hyper-
homocysteinaemia, raised plasma levels of
C-reactive protein, reflecting a low grade inflam-
matory state, fibrinogen, representing a hyper-
coagulable state, and oxidised low density
lipoprotein (LDL), as an indicator of oxidative
stress.9 10 However, only recently, the excessive
and prolonged metabolic disturbances occurring
in the postprandial state in type 2 diabetic
subjects have regained interest as potential
cardiovascular disease risk factors.11

Already over 200 years ago, William Heberden
made the first observation regarding a postpran-
dial effect on the circulation of blood,12 and in
the late 1970s of the last century, Zilversmit
postulated that atherosclerosis is a postpran-
dial phenomenon.13 Ever since, a large body of
evidence has accumulated indicating a relation
between postprandial dysmetabolism, especially
hyperglycaemia and hypertriglyceridaemia, and
the risk of cardiovascular disease.11 14–17

Abbreviations: 2hPG, two hour glucose concentrations
after a 75 g glucose load; DECODE, Diabetes
Epidemiology: Collaborative analysis Of Diagnostic
criteria in Europe; FMD, flow mediated dilatation; HDL,
high density lipoprotein; ICAM-1, intercellular adhesion
molecule-1; LDL, low density lipoprotein; PAI-1, plasmin
activator inhibitor-1; TRL, triglyceride rich lipoprotein;
VCAM-1, vascular cellular adhesion molecule-1; VLDL,
very low density lipoprotein; vWF, von Willebrand’s
factor
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In this review we will briefly discuss the present evidence
for postprandial dysmetabolism as a potential cardiovascular
disease risk factor, with special emphasis on postprandial
glucose and lipid dysmetabolism. To this purpose, the asso-
ciation of postprandial dysmetabolism with the presence of
(indicators of) atherosclerotic vascular disease and the pos-
sible underlying mechanisms will be reviewed.

POSTPRANDIAL HYPERGLYCAEMIA
Various mechanisms keep the plasma glucose levels in
healthy subjects between strict limits, even after a carbohy-
drate load. The insulin response after a meal regulates the
glucose uptake from the blood into the peripheral tissues and
inhibits gluconeogenesis and glycogenolysis in the liver.
Dysfunction of b-cells (for example, loss of the normal
insulin secretion pattern) and insulin resistance contribute to
glucose intolerance and both can be found very early in the
disease process, finally leading to type 2 diabetes.2

In the United Kingdom Prospective Diabetes Study, low-
ering of glycated haemoglobin mainly reduced long term
microvascular complications of diabetes, whereas effects on
macrovascular disease were less convincing.18 In apparent
contrast, several epidemiological studies have shown an
association between two hour glucose concentrations after a
75 g glucose load (2hPG) and the occurrence of cardiovas-
cular disease in the general population.19 20 A meta-analysis of
20 studies with more than 95 000 people demonstrated a
continuous relationship between postload glucose levels and
cardiovascular disease risk extending into the non-diabetic
range.19 The Diabetes Epidemiology: Collaborative analysis Of
Diagnostic criteria in Europe (DECODE) study demonstrated
that the 2hPG concentrations, even in subjects with normal
fasting glucose, were associated with mortality, independent
of fasting plasma glucose concentrations.20

Chronic hyperglycaemia has been associated with impaired
endothelial function.21 Recent studies in healthy and type 2
diabetic subjects indicate that acute hyperglycaemia causes
endothelial dysfunction as measured by FMD.22 Also,
circulating ICAM-1 plasma levels significantly increased in
both diabetic and normal subjects after an oral glucose
tolerance test, suggesting endothelial cell activation.23

Ceriello and co-workers have shown that postprandial
hyperglycaemia is accompanied by several alterations of the
coagulation system.24 25 An oral glucose load in both healthy
and type 2 diabetes patients caused a shortening of the half
life of fibrinogen and an increase in plasma fibrinopeptide A
and the fragments of prothrombin and factor VII. In addition,
acute, short term hyperglycaemia resulted in a transient
hyper-reactivity of platelets to high shear stress, combined
with a significant rise of plasma vWF in patients with type 2
diabetes.26 Taken together, these findings suggest that hyper-
glycaemia may induce a hypercoagulable state.
In healthy subjects and those with impaired glucose tole-

rance, consecutive pulses of intravenous glucose increased
circulating cytokine concentrations (interleukin-6 and
tumour necrosis factor-a) to a greater extent than during
similar blood glucose levels which were kept stable during a
hyperglycaemic clamp. This effect was more pronounced in
subjects with impaired glucose tolerance.27 The same inves-
tigators showed changes in interleukin-6 (but not tumour
necrosis factor-a) plasma concentrations in type 2 diabetic
patients after a carbohydrate meal.28 Thus, blood glucose
excursions may induce a proinflammatory response.
Several in vitro studies demonstrated cytotoxic effects of

high glucose levels in various cell types.29–31 Of interest is the
demonstration by Risso and colleagues that intermittent high
glucose levels induced more apoptosis than constant corre-
sponding glucose levels in human umbilical vein endothelial
cells.30

Four main molecular mechanisms underlying the hyper-
glycaemia-induced vascular damage have recently been
reviewed,31 all of which are the result of intracellular
hyperglycaemia. These include increased polyol pathway
influx; increased advanced glycation end-product formation;
activation of protein kinase C isoforms; and increased hexo-
samine pathway flux. These seemingly different mechanisms
are the result of a single process—that is, overproduction of
superoxide by the mitochondrial electron transport chain.
This hyperglycaemia-induced oxidative stress ultimately
results in modification of intracellular proteins resulting in
an altered function, DNA damage, activation of the tran-
scription factor nuclear factor-kB, causing abnormal changes
in gene expression, decreased production of nitric oxide, and
increased expression of cytokines, growth factors and pro-
coagulant and proinflammatory molecules.31

Taken together, postload or postprandial glucose levels are
associated with enhanced risk of cardiovascular disease.
However, most epidemiological studies addressing the con-
tribution of postload glucose levels to cardiovascular disease
risk, especially the early ones, did not take into account the
earlier mentioned classical risk factors, such as dyslipidae-
mia. In studies investigating the relationship between post-
load glucose and cardiovascular disease risk, adjustment for
blood pressure, lipids and smoking, resulted in considerable
attenuation of this association.32 33 These data indicate that
postload glucose may not be an independent cardiovascular
disease risk factor but rather a risk marker, suggestive of
underlying other metabolic disturbances, such as insulin
resistance and dyslipidaemia, that may have an even greater
impact on cardiovascular disease risk.
In conclusion, evidence of postprandial hyperglycaemia as

an independent risk factor is not convincing. Therefore, the
observed association between postload glucose excursions
with cardiovascular disease is at least partly explained by the
presence of insulin resistance and related cardiovascular
disease risk factors.

POSTPRANDIAL HYPERTRIGLYCERAEMIA
In the western diet, more than 40% of the energy intake is
derived from fats. Figure 1 demonstrates a schematic repre-
sentation of the metabolic pathways of dietary fats leading to
triglyceride-rich lipoproteins (TRL) and endogenous TRL
production.34 In the insulin-resistant state the production of
very low density lipoprotein (VLDL) by the liver is inappro-
priately high. Together with a reduced lipoprotein lipase
activity this results in high triglyceride concentrations,
especially in the postprandial state. The large amount of
TRLs and their prolonged residence time in the circulation
may lead to increased exchange of the core lipid cholesteryl
ester for triglycerides between TRL and LDL and HDL
particles mediated by cholesteryl ester transfer protein. This
process enriches LDL and HDL with triglyceride, and these
particles are subsequently more readily hydrolysed by hepatic
lipase resulting in smaller, denser LDL particles and lower
concentrations of HDL. These abnormalities may explain the
characteristic diabetic dyslipidaemia, which is now recog-
nised to be very atherogenic.34

Already in 1959 an association between plasma concentra-
tions and incident coronary heart disease was reported.35

However, the known inverse association between triglycer-
ides and HDL cholesterol makes it difficult to show an
independent association between plasma triglyceride and
atherosclerotic vascular disease. A recently performed meta-
analysis including data of 57 000 subjects from 17 studies
demonstrated that fasting triglyceride concentrations were
an independent risk factor for cardiovascular disease, also
when adjusted for HDL cholesterol.36 A 1 mmol/l increase in
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