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EDITORIAL

Beyond Hyperglycemia in Diabetes: Role of Statin
Treatment on Thrombogenesis Triggered by Inflammation
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Type 2 diabetes mellitus (T2D) constitutes a growing global
public health problem and its prevalence is estimated to
increase during the next decades, especially in the develop-
ing countries. To date, 15 % of the whole population is
considered at high risk to develop T2D [1]. T2D is associ-
ated with a decrease of health-related quality of life and
overall life expectancy, mainly due to an increased risk for
cardiovascular disorders. Indeed, T2D is commonly associ-
ated with both microvascular and macrovascular complica-
tions [2]. Macrovascular complications manifest themselves
as accelerated atherosclerosis, clinically resulting in prema-
ture coronary artery disease, increased risk of cerebrovascu-
lar disease, and severe peripheral vascular disease [2].
Patients with T2D have a a two- to four-fold increase in
the risk of coronary artery disease (CAD) and patients with
DM but without previous myocardial infarction (MI) carry
the same level of risk for subsequent acute coronary events
as non-diabetic patients with previous MI [3, 4] so that T2D
has been defined a CAD equivalent.

T2D is associated with a prothrombotic state characterized
by a number of changes in thrombotic and fibrinolytic coag-
ulation factor level/activity, which together increase the risk of
thrombus formation. Both glucose and insulin seem to play a
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role in the pathogenesis of this prothrombotic state [5]. In vitro
induced thrombin generation is increased in platelet-rich plas-
ma from diabetics compared with that from healthy subjects
and a significant elevation of thrombin levels can be demon-
strated in T2D patients in poor metabolic control when com-
pared with well controlled patients [6]. Moreover, a significant
correlation can be observed between improved glycemic con-
trol and blood thrombogenicity, as reflected by a reduction in
ex-vivo thrombus formation in a Badimon perfusion chamber
[7]. Improved glycemic control is the only significant predic-
tor of a decrease in blood thrombogenicity, irrespective of
treatment allocation [7]. Enhanced levels of prothrombin frag-
ment 1+2 (F1+2) and thrombin-antithrombin complexes
(TAT) have been shown in T2D patients in comparison with
healthy subjects [8].

A hypercoagulable state, detected by thrombin generation
tests, was reported in patients with T2D, explaining, at least
partially, the high incidence of vascular events in these
patients [9].

Platelets of patients with DM are characterized by dysre-
gulation of several signaling pathways, leading to an hyper-
reactive phenotype with enhanced adhesion, aggregation,
and activation [10]. Chronic hyperglycemia has been clearly
identified as a causal factor for in vivo platelet activation
[11]. Our group firstly demonstrated enhanced thromboxane
(TX) biosynthesis in T2D, providing evidence for its platelet
origin. Moreover, tight metabolic control led to reduction of
TX metabolite urinary levels [11]. Interestingly, inflamma-
tory mediators (such as CD40L) derived from platelets
expand the functional repertoire of platelets from players
of hemostasis and thrombosis to powerful amplifiers of
inflammation by promoting the release of cytokines and
chemokines, cell activation and cell—cell interactions [12].

T2D is frequently associated with a dyslipidemic state
that may accelerate the progression of atherosclerotic
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disease and the development of cardiovascular disease
(CVD) [1]. Similarly to T2D, dyslipidemia has been asso-
ciated with altered coagulation leading to an increased risk
of hypercoagulability through mechanisms linked to insulin
resistance [7]. However, the mechanisms linking dyslipidemia,
hyperglycemia and hypercoagulability are complex and to date
have been only partially delineated (Fig. 1).

In this issue of Cardiovascular Drugs and Therapy, Ferroni
et al. report on the performance of a novel activated protein C
(APC)-dependent thrombin-generation assay in a case—control
study in an unselected population of patients with long-
standing T2D representative of a general practice cohort [13].
In order to minimize the contribution of known CV risk factors
on the coagulation status, the authors select individuals with
risk factors such as hypertension and dyslipidemia, or overt
CVD in the control group. Nonetheless, the proportion of these
diseases were different in the two groups; moreover, in the
control group, individuals treated with aspirin and statins were
also included. Thus, the interpretation of results on this peculiar
population suggests caution limiting the external validity of the

study. Taking into consideration these limitations, the results
presented add further evidence on the occurrence of a procoa-
gulant status in patients with T2D. This is particularly interest-
ing, since the majority of case—control studies includes healthy
individuals without atherothrombotic disorders or vascular dis-
ease and, thus, might be potentially biased by the occurrence of
T2D complications or comorbidities.

As a corollary finding, Ferroni et al. report a significant
association between the procoagulant status of T2D patients
and the occurrence of in vivo platelet activation, as already
described in diabetes [14]. They show an increase of the
soluble form of CD40 ligand (sCD40L) in patients with
T2D, confirming previously published observations in both
type 1 and 2 diabetes [15-17].

The major finding of the study by Ferroni et al., however,
is the demonstration of a significant association between
coagulation abnormalities and statin treatment in T2D. It
would be interesting to compare T2D/statins+ vs control/
statins+ individuals in order to assess the extent of the
difference of statins on the coagulation status. Clinical and
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Fig. 1 Role of statin treatment on thrombogenesis triggered by inflam-
mation in T2D. T2D, characterized by chronic hyperglycemia, is frequently
associated with a dyslipidemic state. In both hyperglycemia and dyslipide-
mia, it has been clearly identified a dysregulation of several platelets
signaling pathways, through mechanisms linked to insulin resistance,
leading to an hyperreactive platelet phenotype with enhanced platelet
adhesion, aggregation, and activation. The release of platelet-derived in-
flammatory mediators, such as sCD40L, expands the functional repertoire
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of platelets from players of hemostasis and thrombosis to powerful ampli-
fiers of inflammation, thus promoting the increase of APC. These mecha-
nisms contribute to the endothelial dysfunction that favors the
atheromatous plaque formation. Statins can interfere at different levels of
the inflammatory process, decreasing cholesterol levels, platelet activation
and their release of mediators of inflammation. Taken together, these
mechanisms may lead to stabilization of the atherosclerotic plaque as well
as modulation of the prothrombotic status
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experimental studies have well established the pleiotropic
effects of statins by showing their ability to reduce the
inflammatory burden, to modulate endothelial function and
the risk of thrombosis, thus reducing the incidence of acute
vascular events [18]. Statins have been shown to lead to a
significant downregulation of the blood coagulation cascade,
independently of changes in lipid profile [18].

The findings reported by Ferroni et al., indeed, fit well
into the current view of the antithrombotic effects of statins.
In fact, a recent meta-analysis, in patients with diabetes
taking statin therapy, demonstrated a proportional 9 % de-
crease in all-cause mortality per mmol/L reduction in LDL,
and a proportional 21 % reduction in major vascular events
per mmol/L decrease in LDL, for patients on statin treat-
ment. The effects of statin therapy were seen irrespective of
baseline CVD risk, suggesting the use of an HMG-CoA
reductase inhibitor in most patients with diabetes [19].
Moreover, the results presented by Ferroni et al. are consis-
tent with current treatment recommendations. In fact, in
patients with atherogenic dyslipidemia and T2D, lifestyle
modifications and statin therapy are recommended regard-
less of baseline LDL for those with overt CVD [20]. At
times, for individuals in primary prevention aged >40 years
with one or more CVD risk factors the use not only of statin
therapy but also of aspirin, both involved in the reduction of
different prothrombothic pathways, is a topic of debate. On
the basis of the results of three recent meta-analyses
[21-23], no clear evidence support the routine use of low-
dose aspirin for primary prevention of CVD in general
population. The risk of adverse effects such as bleeding
and benefit ratio should be weighed in every subject though
it is reasonable to speculate that moderate-high risk patients
for CVD with low bleeding risk can benefit from aspirin use.
Unfortunately, current data support only a modest mortality
benefit for statin primary prevention.

The data presented by Ferroni et al. confirm the role of
statin in reducing hypercoagulability in patients with long
standing T2D. They propose a standardized APC-based
thrombin generation assay that should be tested as a prog-
nostic marker in prospective (randomized) studies consider-
ing clinical relevant outcomes. From a clinical point of view
it could be interesting to compare this novel assay to other
available markers (F1+2, TAT) [5] to establish (if possible)
a reference standard for the detection of the pro-thrombotic
status.

These results are another step towards the development
of new therapeutic strategies even in the early phase of
atherothrombotic diseases. Atherothrombosis is a leading
cause of death in patients with DM. The mechanisms lead-
ing to diabetic vascular disease are intimately related to
altered glucose metabolism as well as to low-grade systemic
inflammation, and prothrombotic coagulation abnormalities.
Future researches should take into account these specific

disease-based mechanisms, in order to decrease the accelerated
atherosclerosis and the consequent thrombotic burden in dia-
betic patients.
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