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The incidence of type 2 diabetes mellitus has reached epi-
demic proportions, and of concern is the fact that 80% of
these patients die as a result of thrombotic complications

(1). Since platelets play a key role in the development of athero-
thrombotic events, platelet dysfunction may play a pivotal role in
the development of vascular complications related to diabetes,
and may contribute to the enhanced atherothrombotic risk (2).
The associated pathophysiology of platelet abnormalities in dia-
betes mellitus is complex and heterogeneous. For example, dia-
betic platelets have higher basal platelet activation as represented
by elevations of intracellular Ca2+ and expression of various pla-
telet activation markers (P-selectin, CD40L and CD63) (3). In
addition, the overexpression of GPVI, a receptor for collagen
and one of the primary platelet agonists, and that of GP IIb/IIIa,
a receptor for soluble fibrinogen and von Willebrand factor, is
evident in diabetes (4). Platelets are also involved in the devel-
opment and maintenance of inflammation by producing the in-
flammatory chemokine RANTES and causing stimulation of
monocytes and endothelial cells via expression of CD40L.

In this issue of Thrombosis and Haemostasis, Serebruany et
al. (5) add to the growing amount of pathophysiological data on
platelets in diabetics, by studying a large cohort of such patients
with associated coronary artery disease (CAD); they demon-
strate upregulation of P-selectin and GPIIb/IIIa, as well as pla-
telets that have increased expression of a number of functionally
important surface proteins, such as platelet/endothelial cell ad-
hesion molecule-1, vitronectin receptor and thrombin protease
activated receptor-1. Not surprisingly, platelets from diabetic pa-
tients were also more sensitive to aggregation by various agon-
ists, consistent with previous studies (6). Given that diabetes rep-
resents a state of major metabolic derangement, multiple (and di-
verse) factors may be responsible for such platelet hyperacti-
vation in diabetic patients, amongst which abnormalities of glu-
cose metabolism, oxidative stress, impaired Ca2+ homeostasis
and endothelial damage/dysfunction represent possible path-
ways.

In the healthy subject, insulin reduces platelet responsiveness
to stimulators (e.g. thrombin, ADP, etc) (6), whilst diabetic pla-
telets are less sensitive to the inhibitory action of insulin in result
of a reduction in platelet insulin receptor numbers and affinity
(one of many examples of so-called insulin resistance), es-
pecially where insulin production is also compromised (7). As
glucose uptake by platelets does not depend on insulin, intra-pla-
telet glucose concentrations are substantially elevated, thus pro-
moting platelet activation (8). Furthermore, hyperglycemia is re-
sponsible for the non-enzymatic glycation of platelet membrane
proteins that may cause changes in protein structure and con-
formation (9). Indeed, high HbA1c levels, which are a marker of
poor glycemic control, strongly correlate with platelet ex-
pression of P-selectin and CD63 (10). Moreover, the over-
expression of receptors responsible for cell-to-cell interactions
such as P-selectin and GP IIb/IIIa as well as enhanced interaction
with red blood cells, which release large contents of ADP, can
also lead to platelet hyperreactivity (11).

Endothelial abnormalities probably play a major role in in-
creasing platelet activation in diabetics. In these patients, the bal-
ance between constricting and dilating substances is changed
and shifted towards the former. The nitric oxide (NO)/cGMP
pathway is a well-established mechanism of platelet inhibition,
and the dysfunctional endothelium (as in diabetics) cannot pro-
duce NO effectively. Moreover, in platelets from diabetic pa-
tients, platelet NO-synthese activity and NO expression are sig-
nificantly depressed (12). In addition, high reactive oxygen
species (ROS) production and lipid peroxidation in diabetics
further enhance platelet activation (13). Hyperactivated platelets
themselves generate ROS in abundance, further increasing the
risk of thrombotic complications. Platelet-derived micropar-
ticles, small fragments of platelets released into the circulation,
as a result of oxidative stress, inflammation and high shear stress
have procoagulant effects and may be directly involved in the
thrombotic complications associated with diabetes (14). Finally,
the calcium (Ca2+) signalling pathway is of great importance for
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We clearly have to look beyond glucose levels per se in our man-
agement of diabetics.
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