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The metabolic syndrome is a clinical disorder characterized by impairment of glucose metabolism, increased arterial blood
pressure, and abdominal obesity. The presence of these clinical features exposes patients to a high risk of atherothrombotic
cardiovascular events. The pathogenesis of atherothrombosis in the metabolic syndrome is multifactorial, requiring a close
relationship among the main components of the metabolic syndrome, including insulin resistance, alterations of glycaemic and
lipid pattern, haemodynamic impairment, and early appearance of endothelial dysfunction. Furthermore, haemostatic alterations
involving coagulation balance, fibrinolysis, and platelet function play a relevant role both in the progression of the arterial wall
damage and in acute vascular events. The mechanisms linking abdominal obesity with prothrombotic changes in the metabolic
syndrome have been identified and partially elucidated on the basis of alterations of each haemostatic variable and defined through
the evidence of peculiar dysfunctions in the endocrine activity of adipose tissue responsible of vascular impairment, prothrombotic
tendency, and low-grade chronic inflammation. This paper will focus on the direct role of adipose tissue on prothrombotic tendency
in patients affected by metabolic syndrome, with adipocytes being able to produce and/or release cytokines and adipokines which

deeply influence haemostatic/fibrinolytic balance, platelet function, and proinflammatory state.

1. Introduction

1.1. General Background. The Framingham Heart Study was
one of the first epidemiological studies which showed the
causal relationship between obesity and cardiovascular dis-
ease [1-3]. Furthermore, a widespread literature, including
the relevant Kuopio Ischaemic Heart Disease Risk Factor
Study, a population-based, prospective cohort study of 1,209
Finnish men, supported the conclusion that not only the
excess of adipose tissue, but also the distribution of adi-
posity is essential feature influencing the cardiovascular risk
[2]. In particular, central obesity (fat in the trunk and/or
abdomen)—which characterizes the metabolic syndrome [3,
4]—confers a higher degree of cardiovascular risk than
peripheral adiposity, being closely associated with an ele-
vated risk of cardiovascular morbidity and mortality due to
atherothrombotic events [2-8]. The recent INTERHEART

study, a standardized case-control study to evaluate the
association of risk factors of myocardial infarction in 27,098
participants in 52 countries, confirmed this finding: actually,
this study showed that the waist-to-hip ratio (WHR)—a
reliable index of central obesity—was the strongest anthro-
pometric predictor of myocardial infarction both in men
and women across all investigated ages and ethnic groups,
whereas the association of body mass index (BMI) with
cardiovascular events was not evident, when adjusted for
the other risk factors [9, 10]. Also in the INTERSTROKE
study, an international, multicenter case-control study which
investigated patients (n = 6,000) with ischaemic or haem-
orrhagic stroke within 72 hours of hospital admission and
in whom CT (computed tomography) or MRI (magnetic
resonance imaging) was globally performed [11], the WHR
was a strong anthropometric predictor of stroke across all
investigated ethnic groups. As widely reviewed by several



authors, the increase in risk of stroke in subjects with the
metabolic syndrome, compared with individuals without this
disorder, is a 3-fold increase [12, 13]

1.2. Definition of the Metabolic Syndrome. The metabolic
syndrome is a complex disorder characterized by the presence
of a clustering of metabolic risk factors usually in a single
individual associated with the presence of central obesity and
a strong association with diabetes and cardiovascular disease
morbidity and mortality.

According to the National Cholesterol Education Pro-
gram (NCEP)’s Adult Treatment Panel III criteria [14], the
diagnosis of metabolic syndrome requires the copresence of
at least three of the following: (i) central obesity characterized
by waist circumference >88 cm in women and >102 cm in
men, (ii) fasting blood glucose >6.1 mmol/L or currently
using hypoglycemic drugs, (iii) fasting blood triglycerides
(TG) 21.69 mmol/L or currently using specific drug treat-
ment, (iv) fasting blood cholesterol HDL <1.03 mmol/L in
men and <1.29 mmol/L in women, (v) systolic blood pres-
sure >130 mmHg, diastolic blood pressure >85mmHg, or
currently using antihypertensive drugs. In a revised version
of NCEP by the American Heart Association and National
Heart Lung Blood Institute, cut-off value of fasting blood
glucose is >5.6 mmol/L [15].

According to the International Diabetes Federation
(IDF), the diagnosis of metabolic syndrome requires evidence
of central obesity with cutoff values of waist circumference
depending on gender and ethnic group origin (for instance,
cut-off is >94 cm for Europid males and >80 cm for Europid
females) together with the other risk factors as defined in
revised NCEP [16].

A Joint Interim Statement (JIS) by many medical organi-
zations confirmed that waist cut-off values defining high-risk
groups are different between populations but criticised the
criteria of abdominal obesity measurement as a prerequisite
of metabolic syndrome [17].

Thus, at present, a unifying definition is lacking [18], but
it is well established that the metabolic syndrome is a con-
stellation of disorders increasing the risk of cardiovascular
diseases [19] and type II diabetes [20, 21].

1.3. Epidemiology. Due to the absence of an unifying def-
inition, the metabolic syndrome can be present in several
forms according to the combination of the different com-
ponents; therefore, the exact evaluation of prevalence of the
metabolic syndrome is quite different both in the United
States and in Europe. Recent data using the World Health
Organization (WHO) definition and data from National
Health and Nutrition Examination Survey III (NHANES III)
indicated that the age-adjusted prevalence of the metabolic
syndrome is estimated at 23.7% and increases with the
increasing prevalence of central obesity which affects more
than 40% of subjects older than 60 years in the United States.
Based on the data from 2000, 47 millions of individuals
in the United States have the metabolic syndrome [22-26],
indicating that about one quarter of America’s population
has the metabolic syndrome, and about 84% of them present
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FIGURE 1: Potential mechanisms linking visceral obesity, which
characterizes the metabolic syndrome, inflammation, and athero-
thrombotic vascular disease.

abdominal obesity on the basis of the criteria indicated by
NCEP ATPIIIL.

As mentioned, the metabolic syndrome is recognized as a
pervasive condition related to cardiovascular atherosclerotic
ischemic disease due to the presence of a clustering of three or
more risk factors, including abdominal obesity, atherogenic
dyslipidaemia (hypertriglyceridaemia, low HDL cholesterol),
raised blood pressure, insulin resistance with or without
impaired glucose tolerance, and proinflammatory state [18,
27]. Considering the epidemiologic data, the presence of
previously mentioned risk factors increases the 16-year risk
of coronary heart disease (angioplasty, unstable angina,
myocardial infarction, and coronary death) of 2.39 times in
men and 5.9 times in women [28].

The metabolic syndrome is clearly related to central obe-
sity and is associated with the development of atherosclerotic
vascular damage and an increased susceptibility to the clinical
manifestations of atherothrombosis owing to the presence of
a network of pathogenic factors (Figure 1), including chronic
low-grade inflammatory state, impaired glucose metabolism,
atherogenic dyslipidaemia, arterial hypertension, endothelial
dysfunction, and prothrombotic alterations [7, 8, 29, 30]. The
insulin-resistance state plays an important pathophysiologic
role even in nondiabetic individuals [31] representing a
significant link among components of metabolic syndrome
even if not necessarily all subjects affected by metabolic
syndrome are insulin resistant [32]

This constellation of disorders indicates that insulin
resistance and type 2 diabetes mellitus are a major cause
of cardiovascular disease, with consequent disabilities and
mortality on a global scale, representing also a relevant cause
of financial cost in the different healthcare systems.

Apart from metabolic and haemodynamic alterations,
central obesity is characterized by an evident prothrombotic
tendency (Figure 2) with increased thrombin generation
and platelet activation and decreased fibrinolysis [29, 30,
33, 34], which contribute both to atherogenesis and acute
atherothrombotic events via increased vascular deposition of
platelets and fibrinous products.
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FIGURE 2: Prothrombotic disorders in obesity.

In this paper, the main alterations responsible of impair-
ment of the haemostatic balance in patients with the
metabolic syndrome will be firstly taken into account, consid-
ering their relationship with hormonal and metabolic alter-
ations related to the increased omental adipose tissue (central
obesity) and their relevance in the increased prevalence of
cardiovascular events. Obesity is a pivotal risk factor for
coronary heart disease, ventricular dysfunction, congestive
heart failure, and cardiac arrhythmias [35, 36] and could
explain the epidemiological observation which describes
an increased prevalence of heart failure in the metabolic
syndrome [37].

2. Alterations of the Coagulation Cascade in
the Metabolic Syndrome

2.1. Haemostatic Balance in Physiological and Pathophysio-
logical Conditions. Haemostasis is a process initiated when
a damage occurs to the wall of a blood vessel and culminates
with the formation of a stable clot. This occurs in three stages:
vasoconstriction, platelet response (white clot formation),
and blood coagulation; the last process depends on the
tight balancing between the activation of coagulation and
fibrinolytic systems activated for the repair of the blood
vessel and determining clot dissolution and restoration of
the vessel function [38-40]. The clot formation depends on
two pathways: the slower intrinsic one is linked to circulating
coagulation factors, such as factors IXa and VIIIa; the more
rapid extrinsic one is activated when blood is exposed
to an extravascular factor such as tissue factor (TF) [38-
40]. Factor VII (FVII) plays a key role in the initiation
of extrinsic pathway when it forms a complex with TF
exposed and released by damaged or activated endothelium
or by disrupted atheromatous plaque [40]. Activation of the
coagulation system induces the conversion of prothrombin
in thrombin, which determines the conversion of fibrinogen
into fibrin and induces platelet activation [38, 39].
Alterations of the coagulation cascade and/or fibrinolysis,
especially in the presence of a low-grade inflammation, are
key pathogenic components of the atherothrombotic process
which underlies acute coronary and cerebrovascular events
[40]. In these conditions, the activation of inflammatory
mechanisms is strictly dependent on interaction among

different cell types, such as platelets, circulating and resident
leukocytes, and cells of the vascular wall, such as endothelial
and vascular smooth muscle cells (VSMCs) [41].

Recently, the release of cell fragments known as
microvesicles or microparticles (MPs) has been recognized
as an integral part of the thrombotic process [42, 43].

MPs are small, irregularly shaped, phospholipid vesicles
(200-1,000 nm) containing procoagulant and proinflamma-
tory mediators, released in blood as a consequence of activa-
tion or apoptosis of endothelial cells, leukocytes, and platelets
[44-46]. They express membrane antigens that reflect their
cellular origin, as well as a broad array of other proteins
inherent to their parental cells (e.g., MPs derived from white
blood cells contain TF which is able to activate extrinsic
coagulation cascade).

MPs have been recognized in blood from healthy indi-
viduals, but their number is markedly increased in patients
under pathological states, such as disseminated intravascular
coagulation, diabetes, immune-mediated thrombosis, acute
coronary syndromes, systemic inflammatory diseases, and
metabolic syndrome [42, 47], allowing to hypothesize a
role as vectors of biological messages, such as induction of
endothelial and vascular dysfunction or platelet activation
(45, 47].

2.2. Hemostatic Alterations Identified in the Metabolic Syn-
drome. The impairment of hemostatic balance identified in
subjects with central obesity includes alterations of both
intrinsic and extrinsic pathways with increased levels of
factor VIII (FVIII) and von Willebrand factor (vWF), TE
FVII, and fibrinogen [33, 48].

2.2.1. Von Willebrand Factor (vWF) and Factor VIII (FVIII).
vWF is a multimeric glycoprotein synthesized and secreted
by vascular endothelial cells and megakaryocytes [49]; it
promotes platelet adhesion to the vascular subendothelium
exposed following endothelial cell damage and is involved in
platelet aggregation [49]. VWF is required also for stability
of FVIIL, and the two proteins circulate as a complex and
cooperate both in platelet adhesion and in clot formation;
therefore, the levels of vWF and FVIII are closely associated
[50]. Like fibrinogen, both vWF and FVIII are acute-phase
proteins.

An elevated circulating level of vWF is a marker of
endothelial cell damage [48] and, together with other cardio-
vascular risk factors such as tissue plasminogen activator (t-
PA) and plasminogen activator inhibitor (PAI-1), predicts the
risk of future cardiovascular events in patients with vascular
disorders such as angina [48, 51].

In the Atherosclerosis Risk in Communities (ARIC)
study, both vWF and FVIII were associated with components
of the metabolic syndrome including BMI, plasma insulin
levels, and triglyceridemia [50]. It has been hypothesized that
the mechanisms linking elevated levels of vVWEF/FVIII com-
plex to insulin resistance and central obesity are related to the
presence of underlying endothelial dysfunction [52] and/or
proinflammatory milieu [53] even though this association is
still controversial [54].



2.2.2. Tissue Factor (TF). TF is the primary in vivo initia-
tor of the extrinsic coagulation cascade; it functions as a
transmembrane receptor for factor VII/factor VII activated
(FVII/VIIa) and as a signal molecule able to increase the
transcription of genes involved in inflammation, apoptosis,
embryonic development, and cell migration [55].

The complex TF-FVIIa catalyzes the conversion of factor
IX (FIX) and factor X (FX) into their activated forms, serving
as the main cofactor to lead to fibrin formation both in
physiological and pathological conditions [55, 56].

In physiological conditions, TF expression is confined
only in cells of the adventitia layer which surrounds blood
vessels, forming an envelope that prevents blood extravasa-
tion; in pathological states, however, TF is expressed also by
activated endothelium and monocytes [55, 57], macrophage-
derived foam cells, and VSMC [56]. TF is recognized also
in the lipid core of unstable atherosclerotic lesions, allow-
ing to hypothesize a relevant role in the pathogenesis of
atherothrombotic events [56, 57]. Circulating TF has been
identified also within MPs derived from activated and apop-
totic cells [71].

Under stimulation of the proinflammatory cytokine
transforming growth factor-B (TGE-f3), adipocytes synthe-
size TF in a small amount [58], and increased circulating
levels of TF have been identified as a relevant factor involved
in prothrombotic tendency of patients affected by high-grade
obesity [59]. Furthermore, leptin influences TF expression in
human peripheral blood mononuclear cells [60, 61].

An increased number of circulating MPs containing TF
have been detected in patients with central obesity with
a positive relationship with components of the metabolic
syndrome [62].

2.2.3. Factor VII (FVII). FVII is a 50kDa vitamin K-de-
pendent serine protease synthesized in the liver which plays
a pivotal role in the activation of the extrinsic coagulation
cascade together with TF [55, 56].

An association between FVII levels and coronary events
has been shown in several but not all studies [48, 63]. In
the Northwick Park Heart Study (NPHS), the levels of FVII
coagulant activity (FVII:c) were associated with fatal and not
fatal coronary artery disease [64].

Circulating FVII:c may bind to triglyceride-rich lipopro-
teins, and its plasma levels are related to those of chylomicron
and very-low density lipoprotein (VLDL) fractions [65];
deficient postprandial catabolism of these lipoproteins may
prolong FVII half-life and increase its plasma concentrations
[66].

2.2.4. Fibrinogen. Fibrinogen is a heterodimer composed
of three pairs of nonidentical polypeptide chains (Aa, BJf,
and y) synthesized by the liver [38, 39]. Its plasma levels
influence thrombogenesis and affect the rheology of blood
flow and the platelet aggregation [67]; furthermore, it acts as
an acute-phase reactant produced under the stimulation of
interleukin-6 (IL-6) [67].

Prospective epidemiological studies in general popula-
tion constantly found an association between raised plasma
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levels of fibrinogen and increased risk of cardiovascular
events, inducing to consider fibrinogen a strong and indepen-
dent atherothrombotic risk factor through its effects on blood
viscosity, coagulation, platelet function, and inflammation
(67, 68].

Although the relationship between fibrinogen and fea-
tures of the insulin resistance syndrome is weaker than
for other hemostatic factors such as PAI-1 and FVII
[33, 48, 69, 70], epidemiological studies have consistently
found a significant association between levels of fibrinogen
and those of insulin [33]; on this basis, several studies
enclosed the increase of fibrinogen in the cluster of car-
diovascular risk factors of the metabolic syndrome [67, 69,
70].

In particular, elevated fibrinogen levels could be
explained by the proinflammatory state of central obesity
and insulin resistance states, characterized by elevated
synthesis and secretion of IL-6 and other proinflammatory
cytokines.

2.2.5. The Circulating Microparticles (MPs). As previously
reviewed, circulating MPs can contain coagulation fac-
tors—TE, in particular—and contribute to the amplification
of the thrombotic response [62, 71-74].

Several lines of evidence indicate that patients with cen-
tral obesity, as well as with diabetes mellitus, have increased
circulating levels of MPs compared with healthy subjects
[72, 75], including MPs derived from platelet, endothelial
cells, erythrocytes, and white blood cells [75].

Furthermore, in vitro exposure of cultured endothelial
cells to MPs derived from patients with the metabolic
syndrome reduced both nitric oxide (NO) and superoxide
anion (O, ") production with a reduction of endothelial-type
constitutive NO synthase (ecNOS) activity [76].

3. Alterations of Fibrinolysis in Central Obesity

3.1. The Fibrinolytic Pathway in Physiological and Pathophysi-
ological Conditions. The fibrinolytic pathway is responsible
for the removal of fibrin from the circulation through its
degradation within the thrombus; therefore, it plays a pivotal
role in disintegrating clots and maintaining vascular patency
[77].

Fibrinolysis is activated by the enzymatic conversion of
the proenzyme plasminogen into the active enzyme plasmin
which degrades fibrin into soluble fibrin degradation prod-
ucts (FDPs) [77, 78]; this process is mediated by tissue type
(t-PA) and urokinase-type (u-PA) plasminogen activators
[77,78].

Plasma fibrinolytic activity is tightly regulated by
inhibitors, mainly represented by «2-antiplasmin («2-AP) at
the level of plasmin and by plasminogen activator inhibitors
(PAI-1 and PAI-2) at the level of the plasminogen activators
[78]. Furthermore, a further inhibitory mechanism of
fibrinolysis dependent on the presence of thrombin-
activatable fibrinolysis inhibitor (TAFI) has been identified
[79].
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«2-AP is the primary physiological inhibitor of plasmin
which is rapidly inhibited in plasma but partly protected from
a2-AP action when it is bound to fibrin [77].

The primary inhibitor of the fibrinolytic system is PAI-
1—a single-chain glycoprotein (379 to 381 amino acids;
MW: 48kDa), member of the superfamily of the serine
protease inhibitors—which inhibits plasminogen activation
by binding with tPA to form the PAI-1/tPA complex [78].

Liver, platelets, endothelial cells, and VSMC are the main
sources of PAI-1, but other cell types can synthesize and
secrete this protein [78].

TAFI—known as plasma procarboxypeptidases B, R, and
U, EC 3.4.17.20—is synthesized in the liver and secreted as
a propeptide consisting of 401 amino acids, with a molecular
weight of 60 kDa; it is present also in platelets and endothelial
cells [80-82]. The zymogen is activated through a proteolytic
cleavage by thrombin, thrombin/thrombomodulin, and plas-
min, and in activated form (TAFIa), it attenuates fibrinolysis
by protecting the lysis of the fibrin clot through the remotion
of C-terminal lysine residues which act as anchoring sites for
tPA and plasminogen [83].

Hypofibrinolysis, that facilitates fibrin deposition in ves-
sel wall, is deeply involved in the increase of atherothrom-
botic events, especially if associated to a prothrombotic ten-
dency related to high plasma concentrations of vVWF/FVIII
complex, TE, FVII, and fibrinogen [64, 84-88]. In particular,
a reduced fibrinolysis due to high levels of circulating PAI-1
predicts cardiovascular events in young men after myocardial
infarction [86, 89] and in patients with angina pectoris
[86].

3.2. Alterations of the Fibrinolytic System Identified in
Central Obesity

3.2.1. Plasminogen Activator Inhibitor (PAI-1). Adipocytes
synthesize PAI-1 through a mechanism regulated by insulin,
glucocorticoids, angiotensin II, and cytokines (Figure 3).
The proinflammatory cytokines tumor necrosis factor-«
(TNF-a) and TGF-f, in particular play a relevant role in
PAI-1 oversecretion from the adipose tissue [90, 91]. Also
hyperinsulinemia and alterations of circulating lipid pattern
characterizing central obesity—such as increased circulating
levels of free fatty acids or VLDL lipoproteins—have been
shown to stimulate PAI-1 production by hepatocytes [92].

The metabolic syndrome is usually characterized by
elevated circulating level of PAI-1 [33, 48, 93, 94], and some
Authors established a direct relationship between PAI-1 levels
and visceral adipose tissue mass.

There are lines of evidence that a major role in the
elevation of PAI-1 in obesity is attributable to upregulated
production by adipose tissue itself [95, 96], and, recently,
it has been shown that a systemic inflammation induces a
significant increase of gene expression of PAI-1 in adipose
tissue followed by increase of PAI-1 levels in plasma [97].

The alteration of the fibrinolytic system related to
increased circulating levels of PAI-1 is considered to have a
relevant role in the prothrombotic tendency associated with
obesity [96].

TNF« Insulin

\ / Procoagulant
tendency

Tsp1 —> TGFB —— PAL1

activation Fibrosis
T Atherothrombosis
T Glycemia
T AngII

FIGURE 3: Control of PAI-1 synthesis and release in adipose tissue.
It is underlined the role of thrombospondin-1 (TSP1), an adipokine
which activates transforming growth factor-f (TGF-f3), and conse-
quently PAI-1 synthesis and release in adipose tissue. TGF-3 is also
activated by high glucose and angiotensin II (Ang II). The synthesis
of PAI-1, which exerts prothrombotic and proatherogenic actions,
is increased also by TNF-« and insulin.

A derangement of the endogenous fibrinolytic system
could justify, at least in part, clinical observations which
evidenced a resistance to intravenous thrombolysis in acute
middle cerebral artery ischemic stroke in women with the
metabolic syndrome [98].

Elevated levels of PAI-1 have been also recognized among
type 2 diabetic patients [99] and predict myocardial infarc-
tion and stroke [86, 87, 100].

3.2.2. Thrombin-Activatable Fibrinolysis Inhibitor (TAFI).
Studies showed increased circulating levels of TAFI antigen
and TAFI activity in obese patients [80, 101]. Clear evidence
of adipocyte-dependent TAFI synthesis is not available [101,
102]; however, several studies showed that the hormonal
alterations related to central obesity influence the synthesis of
this antifibrinolytic factor by other cell types: actually, insulin
regulates TAFI gene expression in hepatocytes [102], and
proinflammatory cytokines increase its production, inducing
to consider this enzyme as an acute-phase reactant [103, 104].

4. Alterations of the Platelet Function in
the Metabolic Syndrome

4.1. Role of Platelets in the Atherothrombosis. As extensively
reviewed [41, 105], the formation of platelet plug plays a
pivotal role not only in haemostasis, but also in vascular
inflammation and atherothrombosis by adhering to activated
endothelial cells or to the subendothelium layer in the pres-
ence of vascular damage, by releasing storage granules, and by
aggregating to form thrombi. Activation of platelets is trig-
gered by adhesion molecules present in the subendothelial
matrix components, such as collagen, vWE, and fibronectin
and is accompanied by the increased exposure of platelet
membrane glycoprotein receptors able to bind fibrinogen
and other proteins. Platelet activation and formation of
aggregates are triggered also by thrombin and endogenous



mediators released from storage granules including adeno-
sine 5-diphosphate (ADP), platelet activating factor (PAF),
and thromboxane A, (TXA,). The adhesion/aggregation is
regulated by the balance between proaggregants and cir-
culating antiaggregants which are mainly represented by
endothelium-derived prostacyclin (PGI,) and nitric oxide
(NO).

4.2. Alterations of Platelet Function in Central Obesity. Several
defects of platelet function have been identified in insulin-
resistant states and central obesity, as recently reviewed [34,
106].

Mean platelet volume, a parameter directly related to in
vivo platelet activation [107], has been described as increased
in patients with obesity [108] and metabolic syndrome [109]
and, as recently shown, does not differ in obese patients in
association with metabolic syndrome [110].

Furthermore, another index of in vivo platelet activa-
tion—that is urinary excretion of 11-dehydro-TXB,, the
major enzymatic metabolite of TXA,—is increased in women
affected by visceral obesity, compared to nonobese women
[111]. Surprisingly, it has been recently shown that the serum
levels of TXB2, the circulating stable metabolite of TXA2,
are significantly lower in insulin-sensitive morbidly obese
subjects than in obese and lean subjects, suggesting that
a reduction of platelet activation could play a role in the
paradoxical protection of the morbidly obese subjects from
coronary atherosclerosis, despite higher circulating levels of
leptin and C-reactive protein [112].

Overweight and obese insulin-resistant subjects exhibited
also enhanced plasma concentrations of P-selectin—a marker
of platelet activation exposed in cell surface and released in
circulating blood—in comparison with controls [113].

The prevalence of activated platelets is usually associated
to the increase of other prothrombotic proteins; in particular,
some authors found, in patients with severe obesity and
insulin resistance, increased levels of soluble CD40 ligand
(sCD40L) [114-116], prothrombin fragment F1+2 [114-
116], and platelet-derived microparticles (PMPs) [117].

CD40 ligand (CD40L) is a trimeric transmembrane pro-
tein structurally related to TNF-« superfamily, with a dual
prothrombotic and proinflammatory role [116].

CDA40L is stored in the cytoplasm of resting platelets
and rapidly exposed on cell surface after activation [116].
The surface-exposed fraction is subsequently cleaved with
the release of a soluble fragment sCD40L which exerts
prothrombotic effects by increasing the stability of newly
formed platelet aggregates; furthermore, sCD40L activates
inflammatory responses in cells of the vascular wall, includ-
ing production of reactive oxygen species (ROS) by endothe-
lium, enhanced expression of adhesion molecules: vascular
cell adhesion molecule-1 (VCAM-1), intercellular adhesion
molecule-1 (ICAM-1), and E-selectin by endothelial and
VSMC, and increased secretion of cytokines and chemokines
[116].

PMPs with a diameter less than 0.1 micron are identified
by the presence of glycoprotein CD42b and CD42a [117];
they are released by platelets following agonist-induced
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activation or high shear stress [117], and contain proinflam-
matory and prothrombinase activities [118, 119].

Recent finding showed that circulating levels of PMPs
are elevated in obese nondiabetic subjects in comparison
with nonobese controls with a positive correlation with BMI
and waist circumference: this fact is related to enhanced in
vivo platelet activation [119, 120]. Furthermore, it has been
found an effect of weight loss on PMP overproduction [120,
121].

As it will be extensively described in the next part of the
paper, several available studies identified as main defect of the
platelet function in subjects with central obesity a decreased
sensitivity to mediators playing a physiological role in the
reduction of platelet sensitivity to proaggregating stimuli,
including insulin, NO, and cyclic nucleotides themselves [34,
122-124].

4.2.1. Role of Insulin and Insulin Resistance in the Modulation
of Platelet Function. Membrane of human platelets expresses
insulin receptors, with a density similar to that present
in cell types responsive to the metabolic actions of the
hormone [125]. Platelet insulin receptors activate the classical
intracellular pathway of insulin signaling, although without
the increase of glucose uptake [125].

In insulin-sensitive subjects, the hormone exerts an
antiaggregating activity recognized by both in vitro [126-
128] and in vivo studies through euglycemic hyperinsuline-
mic clamps [126, 127, 129]. Furthermore, insulin decreases
intraplatelet concentrations of calcium and prevents the
angiotensin II-stimulated transient calcium increase in
cytosol [130].

In vivo studies showed also that insulin infusion in
euglycemic conditions decreases the platelet deposition to
collagen in flowing whole blood perfusion, impairs primary
hemostasis under high shear rate conditions, and uniformly
inhibits platelet aggregation in response to multiple agonists
[131].

The insulin effects are, at least in part, dependent on
the activation of ecNOS through an increase of intraplatelet
3',5'-cyclic guanosine monophosphate (cGMP) mediated by
the stimulation of soluble guanylate cyclase activity [132];
through this mechanism, insulin elicits also a rapid increase
of intraplatelet concentrations of 3’,5'-cyclic adenosine
monophosphate (cAMP) via cGMP-dependent inhibition of
a cAMP phosphodiesterase [132].

It is known that cGMP and cAMP, acting predominantly
via specific protein kinases, block several steps of the agonist-
induced elevation of cytosolic calcium, a basic mechanism
of platelet activation [133-135], thus inhibiting platelet func-
tion.

Some in vitro studies reported that insulin interferes
also with activation of the purinergic receptor P,Y,,, which
mediates the ADP-induced platelet activation [136].

In conditions of insulin resistance, such as central obesity,
type 2 diabetes mellitus with obesity, and essential arterial
hypertension, a deep reduction of platelet sensitivity to the
antiaggregating effects of insulin has been reported [34, 137-
139].



Scientifica

Also the effects of insulin infusion on platelet deposition
to collagen in flowing whole blood perfusion are lost in obese
insulin-resistant subjects [131].

4.2.2. Defective Sensitivity to Other Antiaggregating Agents.
Studies showed that platelets from obese subjects and obese
type 2 diabetic patients and individual with the metabolic
syndrome are resistant to the antiaggregating effects of NO
donors, including glyceryl trinitrate (GTN) and sodium
nitroprusside (SNP) [140, 141]. The decreased sensitivity to
the antiaggregating effects of GTN and SNP was associated
with reduced intraplatelet accumulation of ¢cGMP [140,
141].

This impairment of platelet response to NO (defined
also as “NO resistance”) is similar to that identified by
other authors in platelets of nondiabetic patients affected by
coronary ischemic disease [142-146].

Obese subjects are also resistant to the antiaggregating
effects of both PGI, and adenosine, which act through the
adenylate cyclase/cAMP pathway [141]. In particular, the
ability of PGI, to increase cAMP is impaired in visceral
obesity [141].

In addition, it was observed that platelets from obese sub-
jects are resistant to the antiaggregating effects of the cyclic
nucleotides themselves, as evidenced by experiments with
cell permeable analogues of both cGMP and cAMP [141],
suggesting the presence of abnormalities in intraplatelet
calcium fluxes handling, because both cGMP and cAMP
exert their effects mainly through a reduction of intracellular
calcium [135]. Furthermore, the same authors observed that
platelets from subjects affected by central obesity show a
reduced ability of the cyclic nucleotides to activate their
specific kinases [147].

All these observations indicate the occurrence of a multi-
step resistance to antiaggregation in obesity and in obese type
2 diabetes mellitus, including the ability of insulin to increase
NO, the ability of NO to increase cGMP, the ability of cGMP
to reduce platelet calcium and consequently aggregation, and,
similarly, the ability of PGI, to increase cAMP and the cAMP
ability to reduce platelet function [34, 141]. Many of these
alterations described in obese subjects are reverted by weight
loss [148].

5. Adipokines, Cytokines, and
Hemostatic Balance

Omental adipose tissue is a dynamic endocrine organ which
secretes a number of bioactive peptides involved in the con-
trol of insulin action, energy homeostasis, inflammation, and
cell growth by autocrine, paracrine, and endocrine actions
[149, 150]. Some of these factors, indicated as adipokines, are
directly synthesized by adipocytes [150]; others are produced
and released from inflammatory cells as a consequence of the
presence of hypertrophied adipocytes with altered adipokine
synthesis profile which trigger an increased number of
macrophages through the production of chemokines, such as
monocyte chemoattractant protein-1 (MCP-1) [151].

Adipokines locally regulate fat mass by modulating
adipocyte size/number or angiogenesis [150, 152, 153];
furthermore, as endocrine mediators, they are involved
in the control of appetite and energy balance, immu-
nity, insulin sensitivity, angiogenesis, blood pressure, lipid
metabolism, and hemostasis [153]. Evidence indicates that
some adipokines play a role also in the cardiovascular disease
linked to central obesity [149, 150].

Cytokines from monocytes and macrophages, such as
TNF«, IL6, and MCP-1 itself, which contribute to the local
and systemic proinflammatory state are mainly represented
[154].

Increased fat mass leads to dysregulation of adipose tissue
activity with oversecretion of deleterious adipokines and
hyposecretion of beneficial ones (adiponectin, in particular)
[155, 156].

In this part of the paper some relevant data concerning
several adipokines and cytokines recognized as involved
in the derangement of the systemic hemostatic balance in
patients with central obesity will be considered: in particular,
leptin, ghrelin, adiponectin, and inflammatory cytokines
considering their role in hemostatic balance, platelet func-
tion, and coagulative alterations characterizing central obe-
sity.

5.1. Adipokines. Adipokines are circulating molecules with
a central role in the pathophysiology of obesity and its
systemic health effects [153]; in addition, they modulate the
production of inflammatory mediators [153].

5.1.1. Leptin. Leptin is a 167-amino acid adipokine mainly
produced by mature adipocytes, which primarily regulates
food intake and energy expenditure [151]. Both human and
animal studies showed that its circulating levels are directly
related to adipose tissue mass, presumably to inform the
brain regarding the quantity of stored fat [151]; however,
in humans, increased leptin levels do not cause weight loss
due to selective resistance to leptin metabolic actions [157,
158].

Leptin influences also angiogenesis, inflammation, arte-
rial pressure, and secretion of other adipokines; in humans,
the vascular actions of leptin are considered proatherogenic,
and increased circulating levels of leptin are recognized as an
independent risk factor for cardiovascular diseases [158-162]
and cerebrovascular events [163, 164].

At present, evidence indicates that plasma leptin concen-
trations are independently associated with the intima-media
thickness of the common carotid artery [163, 164] and with
the degree of coronary artery calcification in patients with
type 2 diabetes mellitus, after controlling for adiposity and
C-reactive protein [165, 166]; finally, hyperleptinemia could
be involved in the increased risk of postangioplasty restenosis
(167, 168].

The prothrombotic actions of leptin are related to an
influence on platelet function and coagulation/fibrinolysis
balance, resulting in enhanced agonist-induced platelet
aggregation and increased stability of arterial thrombi [169-
171].



Studies in vitro evidenced that leptin synergizes with
subthreshold concentrations of agonists—such as ADP and
thrombin—to induce platelet aggregation [169, 170, 172,
173]. Other actions on hemostatic balance contribute to
induce a prothrombotic tendency [171]: in particular, cir-
culating leptin levels positively correlate with a cluster of
prothrombotic conditions, such as increased concentrations
of PAI-1 [173-175], fibrinogen [176], vWF [176], and FVIIa
[177], and negatively correlate with protective factors such
as tPA [163, 178], tissue factor pathway inhibitor [179], and
protein C [179]. In addition, recent findings identified leptin
as an inducer of functional TF in human primary neutrophils,
suggesting its direct involvement in the coagulation mech-
anism by modulation of the extrinsic coagulation cascade
(60, 61].

Finally, other mechanisms—such as inflammation, oxi-
dative stress, endothelial dysfunction, and increased sympa-
thetic tone—may contribute to leptin-induced vascular dam-
age [168, 180-182].

5.1.2. Adiponectin and Ghrelin. At present, the role of other
adipokines in thrombosis is not fully defined [182]. Recent
studies focused the attention on the effects of two adipocyte-
derived hormones: adiponectin (an insulin-sensitizing hor-
mone inversely correlated with adipose tissue mass) [91]
and ghrelin (a growth hormone-releasing peptide exerting
also orexigenic effects). Both adipokines exert protective
effects against atherosclerosis by improving insulin resis-
tance, dyslipidemia, and endothelial function [183-185].
Receptors for both adiponectin and ghrelin are present in
circulating platelets [183]; however, in vitro studies failed to
show that these adipokines modify platelet activation [181,
185].

The reduced levels of adiponectin, as well as the increased
circulating concentrations of TNF-« and IL-6, may exert
a prothrombotic role through enhanced adhesive molecule
expression from endothelial cells and/or decreased NO
bioavailability [183, 186-188].

5.1.3. Resistin. Recent evidence showed that resistin, an
adipokine involved in insulin resistance [91], exerts some
vascular effects by inducing the expression of endothelial
adhesion molecules such as VCAM-1 and ICAM-1, the
endothelial production of endothelin-1, and the expression
of CD40L [189]; furthermore, an association among resistin
levels and markers of inflammation and fibrinolysis has been
found [190]

5.1.4. Angiotensinogen. The renin angiotensin system is com-
pletely expressed in human adipose tissue, and the synthesis
by adipocytes of angiotensinogen—precursor of the major
vasoconstrictor hormone angiotensin II—is increased in
central obesity [191-193].

Augmented angiotensinogen production by adipose tis-
sue has been directly linked to angiogenesis and new adipose
cell formation [194]; furthermore, the enhanced formation
of angiotensin II stimulates the production of PAI-1 via
the angiotensin II type 1 receptor [195], and the expression
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of adhesion molecule (ICAM-1, VCAM-1), MCP-1, and
macrophage colony-stimulating factor (M-CSF) in vascular
cells [196]. Angiotensin II also promotes the formation of
ROS, thereby enhancing the oxidative stress and decreasing
the availability of NO and increasing the risk of vascular tissue
damage [197].

5.2. Inflammatory Cytokines. There is evidence that several
alterations of hemocoagulative cascade and fibrinolysis in
central obesity are closely related to the presence of low-grade
inflammation [198].

5.2.1. Tumor Necrosis Factor-ac (TNF-o). TNF-«, which is
one of the inflammatory cytokines increased in obese sub-
jects, is synthesized both by adipocytes and stromovascular
cells; adipocytes, per se, predominantly produce unsecreted,
membrane-bound TNF-«, which can act in an autocrine
and paracrine fashion. The expression of TNF-o« mRNA in
adipose tissue correlates with body mass index as well as with
percentage of body fat.

The contribution of TNF-a to vascular impairment of
central obesity is complex and still controversial [199]. Cir-
culating TNF-« is involved in general systemic inflammation,
which, in turn, impacts on the vasculature; furthermore, it
impairs hemostatic balance by stimulating PAI-1 synthesis in
human adipocytes [200].

5.2.2. Transforming Growth Factor-f (TGF-) and Throm-
bospondin-1 (TSPI). TGF-f is a multifunctional cytokine
with a relevant role in influencing the hemostatic balance; in
particular, it stimulates PAI-1 biosynthesis in a large variety
of cell types and increases circulating PAI-1 levels [106,
201], as evidenced in Figure 3. The relation with obesity has
been showed by evidencing that the levels of TGF-8 mRNA
are significantly higher in the adipose tissue and that this
cytokine may upregulate PAI-1 production in adipose tissue
[106,202]. Furthermore, the TGF-f and TNF-« pathways are
interrelated, and these cytokines may cooperate to increase
PAI-1 production.

Finally, TGF-f acts as prothrombotic factor also by
stimulating adipocytes to synthesize TF [58], as previously
mentioned.

TSP1 is a multifunctional protein firstly isolated from
platelets and megakaryocytes [203] and later also from adi-
pocytes [204]; due to its prevailing expression in adipocytes
compared with the stromal vascular fraction of adipose
tissue, TSP1 is considered an adipokine [204].

Beyond its inhibitory action on angiogenesis, TSP1 reg-
ulates cell proliferation, inflammation, and wound healing
[205]; furthermore, it is a major regulator of TGF-f activity
due to its ability to convert latent TGF- procytokine to its
biologically active form [206, 207].

TSP1 expression is increased in obese, insulin-resistant
subjects and is positively associated with plasma PAI-1 levels,
being one of the regulators of PAI-1 synthesis in adipose
tissue [208].
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6. Role of Atherogenic Dyslipidemia in
the Impairment of Hemostatic Balance

Abnormal concentrations of lipids and apolipoproteins
resulting from changes in the synthesis and catabolism of
lipoprotein particles are typically observed in the patients
with metabolic syndrome [209]. This mixed atherogenic
dislipidemia is characterized by hypertriglyceridemia, low
HDL cholesterol, predominance of small, dense LDL (sdLDL)
particles, and accumulation of cholesterol-rich remnant par-
ticles (e.g., high levels of apolipoprotein B) [209]. sdLDL
particles are atherogenic, being more prone to oxidation
[210].

Circulating lipoprotein particles interplay with hemo-
static factors modifying their expression and with platelets
influencing their activation: therefore, mixed dislipidemia
characterizing the metabolic syndrome plays a role in the
prothrombotic tendency [211].

The reduction of circulating HDL particles, which are
known to exert an antithrombotic activity by decreasing
TF expression [212], may favour the activation of extrinsic
coagulation pathway and upregulate thrombin generation.
Furthermore, as previously mentioned, activation of FVII
is closely related to the plasma levels of triglyceride-rich
lipoproteins [65].

The increased plasma levels of VLDL particles, triglyc-
erides, and free fatty acids and the decrease of circulating
HDL particles may enhance the responses of circulating
platelets [213].

7. Conclusions

Central obesity has a relevant impact on the risk of cardio-
vascular morbidity and mortality due to atherothrombotic
events [6, 8, 9].

Together with hemodynamic alterations and metabolic
impairment, central obesity accelerates the atherosclerotic
vascular damage mainly through the presence of prothrom-
botic tendency and chronic low-grade systemic inflammation
[29, 30].

As extensively reviewed, the prothrombotic tendency in
central obesity is the result of a cluster of alterations involving
intrinsic and extrinsic coagulation pathways, fibrinolysis and
platelet function, each of which cooperates to favour the
thrombotic processes [7, 10, 38, 106, 214]; furthermore,
the increased number of circulating MPs—which act as
a prothrombotic factor, delivering TF and other proteins
which participate to the hemostasis mechanisms [44, 45,
71, 215]—is clearly involved in the coagulatory dysfunction
of the metabolic syndrome [62, 75] and in the enhanced
atherothrombotic risk [42, 72].

Growing evidence indicates that adipose tissue of the
trunk and/or abdomen has a strong impact on vascular
complications, through the production of mediators with
paracrine and endocrine actions (adipokines and cytokines)
[10, 106, 149, 150, 193, 216].

As discussed in the second part of this paper, changes in
the synthesis and/or release of biologically active molecules

as well metabolic alterations have to be considered as fun-
damental mechanisms involved in the adverse effects of
adiposity on the vessel wall and hemostatic balance [10, 106,
149, 150, 195, 216].

Several mediators synthesized and released by adipose
tissue in increased amount cause adverse effects through
different mechanisms including the determination of a low-
grade inflammatory milieu and oxidative stress; the produc-
tion of other bioactive molecules with protective vascular
effects is downregulated by the increase of the fat mass [188,
216, 217]. The alteration of hormonal pattern secreted by
adipose tissue is involved in the alterations of the hemostatic
balance, as well as in endothelial dysfunction [52, 111, 218],
and in activation of circulating leukocytes [60, 61].

Due to the increasing impact of the central obesity across
all ages, including children and adolescents, the prevalence
of the metabolic syndrome has reached epidemic proportion
both in western and developing countries.

For the high risk of cardiovascular morbidity and mor-
tality, metabolic syndrome represents a relevant problem in
the clinical practice which requires an adequate definition
of the complex cluster of pathogenetic factors [7, 10, 219],
in order to propose multiple intervention strategies and to
provide standardized guidelines, as reviewed in [220].

Abbreviations

a2-AP: «2-antiplasmin

ADP: Adenosine 5-diphosphate

ARIC: Atherosclerosis risk in communities
BMI: Body mass index

cAMP: 3',5'-cyclic adenosine monophosphate

CT: Computed tomography

cGMP: 3',5'-cyclic guanosine monophosphate
ecNOS: Endothelial-type constitutive NO synthase
Ets: Endothelins

FDP: Fibrin degradation products

FVII: Factor VII

FVILc: EVII coagulant activity

FVIIIL: Factor VIII

FIX: Factor IX

FX: Factor X

GTN: Glyceryl trinitrate

ICAM-1: Intercellular adhesion molecule-1

IL-6: Interleukin-6

LDL: Low-density lipoproteins

MCP-1: Monocyte chemoattractant protein-1
MRI: Magnetic resonance imaging

M-CSE: Macrophage colony-stimulating factor
MPs: Microparticles

NHANES III: National Health and Nutrition

Examination Survey III
NCEP ATPIII: National Cholesterol Education Program
Adult Treatment Panel ITI

NO: Nitric oxide
0,: Superoxide anion
PAF: Platelet-activating factor

PAI-1: Plasminogen activator inhibitor-1



10

PAI-2:  Plasminogen activator inhibitor-2
NPHS:  Northwick Park Heart Study

PGI2: Prostacyclin

PMP: Platelet-derived microparticles

ROS: Reactive oxygen species

SNP: Sodium nitroprusside

sCD40L: Soluble CD40 ligand

sdLDL:  Small, dense LDL

TAFI: Thrombin-activatable fibrinolysis inhibitor
TF: Tissue factor

t-PA: Tissue-type plasminogen activator
TGF-B:  Transforming growth factor-f3

TNF-a:  Tumor necrosis factor-a

TSP1: Thrombospondin-1

TXA,:  Thromboxane A,

u-PA: Urokinase-type plasminogen activator
VLDL:  Verylow-density lipoproteins

VCAM-1: Vascular cell adhesion molecule-1

vWF: Von Willebrand factor
VSMC:  Vascular smooth muscle cells
WHR:  Waist-to-hip ratio

WHO:  World Health Organization.
Conflict of Interests

The author declares no conflict of interests.

Acknowledgment

This paper has been conceived, written and completed in
memory of Professor Giovanni Anfossi.

References

[1] S.Mendis, “The contribution of the Framingham heart study to
the prevention of cardiovascular disease: a global perspective,’
Progress in Cardiovascular Diseases, vol. 53, no. 1, pp. 10-14,
2010.

[2] H. M. Lakka, D. E. Laaksonen, T. A. Lakka et al., “The metabolic
syndrome and total and cardiovascular disease mortality in
middle-aged men,” Journal of the American Medical Association,
vol. 288, no. 21, pp. 2709-2716, 2002.

[3] H. B. Hubert, M. Feinleib, P. M. McNamara, and W. P. Castelli,
“Obesity as an independent risk factor for cardiovascular
disease: a 26-year follow-up of participants in the Framingham
Heart Study,” Circulation, vol. 67, no. 5, pp. 968-977, 1983.

[4] J. P. Després, 1. Lemieux, J. Bergeron et al, “Abdominal
obesity and the metabolic syndrome: contribution to global car-
diometabolic risk,” Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 28, no. 6, pp. 1039-1049, 2008.

[5] P. G. Kopelman, “Obesity as a medical problem,” Nature, vol.
404, no. 6778, pp. 635-643, 2000.

[6] G. Reaven, E Abbasi, and T. McLaughlin, “Obesity, insulin
resistance, and cardiovascular disease,” Recent Progress in Hor-
mone Research, vol. 59, pp. 207-223, 2004.

[7] L. E Van Gaal, I. L. Mertens, and C. E. De Block, “Mechanisms
linking obesity with cardiovascular disease,” Nature, vol. 444,
no. 7121, pp. 875-880, 2006.

Scientifica

[8] J. P. Després, “Cardiovascular disease under the influence of
excess visceral fat,” Critical Pathways in Cardiology, vol. 6, no.
2, pp. 51-59, 2007.

S. Yusuf, S. Hawken, S. Ounpuu et al., “Obesity and the risk of

myocardial infarction in 27 000 participants from 52 countries:

a case-control study,” Lancet, vol. 366, no. 9497, pp. 1640-1649,

2005.

[10] A.Mente, S. Yusuf, S. Islam et al., “Metabolic syndrome and risk
of acute myocardial infarction. a case-control study of 26,903
subjects from 52 countries,” Journal of the American College of
Cardiology, vol. 55, no. 21, pp. 2390-2398, 2010.

[11] M. J. O'Donnell, X. Denis, L. Liu et al., “Risk factors for
ischaemic and intracerebral haemorrhagic stroke in 22 coun-
tries (the INTERSTROKE study): a case-control study,” The
Lancet, vol. 376, no. 9735, pp. 112-123, 2010.

[12] S.Novo, A. Peritore, E. P. Guarneri et al., “Metabolic syndrome,
(MetS) predicts cardio and cerebrovascular events in a twenty
years follow-up. A prospective study;” vol. 223, no. 2, pp.
468-472,2012.

[13] A.Towfighiand B. Ovbiagele, “Metabolic syndrome and stroke,”

Current Diabetes Reports, vol. 8, no. 1, pp. 37-41, 2008.

National Cholesterol Education Program (NCEP) Expert Panel

on Detection, Evaluation, and Treatment of High Blood Choles-

terol in Adults (Adult Treatment Panel IIT), “Third Report of
the National Cholesterol Education Program (NCEP) Expert

Panel on Detection, Evaluation, and Treatment of High Blood

Cholesterol in Adults (Adult Treatment Panel III) final report,”

Circulation, vol. 106, no. 25, pp. 3143-3421, 2002.

[15] S. M. Grundy, H. B. Brewer, J. I. Cleeman, S. C. Smith,
and C. Lenfant, “Definition of metabolic syndrome: report
of the National Heart, Lung, and Blood Institute/American
Heart Association Conference on scientific issues related to
definition,” Circulation, vol. 109, no. 3, pp. 433-438, 2004.

[16] K. G. M. M. Alberti, P. Zimmet, and J. Shaw, “The metabolic
syndrome—a new worldwide definition,” Lancet, vol. 366, no.
9491, pp. 1059-1062, 2005.

[17] K. G. M. M. Alberti, R. H. Eckel, S. M. Grundy et al., “Har-
monizing the metabolic syndrome: a joint interim statement of
the international diabetes federation task force on epidemiology
and prevention; National heart, lung, and blood institute;
American heart association; World heart federation; Interna-
tional atherosclerosis society; And international association
for the study of obesity; Circulation, vol. 120, no. 16, pp.
1640-1645, 2009.

[18] G. L. Vega, C. E. Barlow, and S. M. Grundy, “Prevalence of the
metabolic syndrome as influenced by the measure of obesity
employed;” American Journal of Cardiology, vol. 105, no. 9, pp.
1306-1312, 2010.

[19] J. Ferreira, R. Monteiro, A. Canedo, A. Guedes Vaz, and 1.
Azevedo, “The role of adipose tissue in coronary atheroscle-
rosis,” Minerva Cardioangiologica, vol. 58, no. 3, pp. 423-424,
2010.

[20] R. H. Eckel, S. M. Grundy, and P. Z. Zimmet, “The metabolic
syndrome,” Lancet, vol. 365, no. 9468, pp. 1415-1428, 2005.

[21] R. Monteiro and I. Azevedo, “Chronic inflammation in obesity
and the metabolic syndrome,” Mediators of Inflammation, vol.
2010, Article ID 289645, 10 pages, 2010.

[22] E. S. Ford, W. H. Giles, and A. H. Mokdad, “Increasing
prevalence of the metabolic syndrome among U.S. adults,
Diabetes Care, vol. 27, no. 10, pp. 2444-2449, 2004.

[23] E. S. Ford, W. H. Giles, and W. H. Dietz, “Prevalence of the
metabolic syndrome among US adults: findings from the Third

[9

(14



Scientifica

National Health and Nutrition Examination Survey;” Journal of
the American Medical Association, vol. 287, no. 3, pp. 356-359,
2002.

[24] J. B. Meigs, “Epidemiology of the metabolic syndrome,” Amer-
ican Journal of Managed Care, vol. 8, no. 11, pp. S283-5292,
2002.

[25] T. A. Jacobson, C. C. Case, S. Roberts et al., “Characteristics
of US adults with the metabolic syndrome and therapeutic
implications,” Diabetes, Obesity and Metabolism, vol. 6, no. 5,
pp. 353-362, 2004.

[26] S. M. Grundy, “Metabolic syndrome pandemic,” vol. 28, no. 4,
pp- 629-636, 2008.

[27] R. H. Eckel, K. G. M. M. Alberti, S. M. Grundy, and P. Z.
Zimmet, “The metabolic syndrome,” The Lancet, vol. 375, no.
9710, pp. 181-183, 2010.

[28] P. W. F. Wilson, W. B. Kannel, H. Silbershatz, and R. B.
D’Agostino, “Clustering of metabolic factors and coronary heart
disease,” Archives of Internal Medicine, vol. 159, no. 10, pp.
1104-1109, 1999.

[29] A.I. Kakafika, E. N. Liberopoulos, A. Karagiannis, V. G. Athy-
ros, and D. P. Mikhailidis, “Dyslipidaemia, hypercoagulability
and the metabolic syndrome,” Current Vascular Pharmacology,
vol. 4, no. 3, pp. 175-183, 2006.

[30] S. A. Ritchie and J. M. C. Connell, “The link between abdom-
inal obesity, metabolic syndrome and cardiovascular disease,”
Nutrition, Metabolism and Cardiovascular Diseases, vol. 17, no.
4, pp. 319-326, 2007.

[31] K. D. Bruce and C. D. Byrne, “The metabolic syndrome:
common origins of a multifactorial disorder,” Postgraduate
Medical Journal, vol. 85, no. 1009, pp. 614-621, 2009.

[32] R. Karnchanasorn, H. Y. Ou, L. M. Chuang, and K. C. Chiu,
“Insulin resistance is not necessarily an essential element of
metabolic syndrome,” Endocrine. In press.

[33] 1. Mertens and L. E Van Gaal, “Obesity, haemostasis and the
fibrinolytic system,” Obesity Reviews, vol. 3, no. 2, pp. 85-101,
2002.

[34] G. Anfossi, I. Russo, and M. Trovati, “Platelet dysfunction
in central obesity,” Nutrition, Metabolism and Cardiovascular
Diseases, vol. 19, no. 6, pp. 440-449, 2009.

[35] H. B. Hubert, M. Feinleib, P. M. McNamara, and W. P. Castelli,
“Obesity as an independent risk factor for cardiovascular
disease: a 26-year follow-up of participants in the Framingham
Heart Study,” Circulation, vol. 67, no. 5, pp. 968-977, 1983.

[36] J. E. Manson, G. A. Colditz, M. J. Stampfer et al., “A prospective
study of obesity and risk of coronary heart disease in women,”
New England Journal of Medicine, vol. 322, no. 13, pp. 882-889,
1990.

[37] M. T. Kearney, “Chronic heart failure: a missing component
of the metabolic syndrome?” Diabetes and Vascular Disease
Research, vol. 6, no. 3, p. 145, 2009.

[38] J. Arnout, M. E Hoylaerts, and H. R. Lijnen, “Haemostasis,”
in Handbook of Experimental Pharmacology, vol. 176 of The
Vascular Endothelium II, part 2, pp. 1-41, 2006.

[39] A.S.Wolbergand R. A. Campbell, “Thrombin generation, fibrin
clot formation and hemostasis,” Transfusion and Apheresis
Science, vol. 38, no. 1, pp. 15-23, 2008.

[40] J.E Viles-Gonzalez, V. Fuster, and J. J. Badimon, “Links between
inflammation and thrombogenicity in atherosclerosis,” Current
Molecular Medicine, vol. 6, no. 5, pp. 489-499, 2006.

[41] G. Davi and C. Patrono, “Mechanisms of disease: platelet
activation and atherothrombosis,” New England Journal of
Medicine, vol. 357, no. 24, pp. 2482-2494, 2007.

11

[42] K. T. Tan and G. Y. H. Lip, “The potential role of platelet
microparticles in atherosclerosis,” Thrombosis and Haemostasis,
vol. 94, no. 3, pp. 488-492, 2005.

[43] O. Morel, N. Morel, L. Jesel, J. M. Freyssinet, and E
Toti, “Microparticles: a critical component in the nexus
between inflammation, immunity, and thrombosis,” Seminars
in immunopathology, vol. 33, no. 5, pp. 469-486, 2011.

[44] M. C. Martinez, A. Tesse, F. Zobairi, and R. Andriantsitohaina,
“Shed membrane microparticles from circulating and vascular
cells in regulating vascular function,” American Journal of
Physiology, vol. 288, no. 3, pp. H1004-H1009, 2005.

[45] B. Hugel, M. C. Martinez, C. Kunzelmann, and J. M. Freyssinet,
“Membrane microparticles: two sides of the coin,” Physiology,
vol. 20, no. 1, pp. 22-27, 2005.

[46] A. Tesse, M. C. Martinez, F. Meziani et al., “Origin and biolog-
ical significance of shed-membrane microparticles;,” Endocrine,
Metabolic and Immune Disorders. Drug Targets, vol. 6, no. 3, pp.
287-294, 2006.

[47] Z. Mallat, H. Benamer, B. Hugel et al., “Elevated levels of shed
membrane microparticles with procoagulant potential in the
peripheral circulating blood of patients with acute coronary
syndromes,” Circulation, vol. 101, no. 8, pp. 841-843, 2000.

[48] A.Mina, E. J. Favaloro, and J. Koutts, “Hemostatic dysfunction
associated with endocrine disorders as a major risk factor and
cause of human morbidity and mortality: a comprehensive
meta-review, Seminars in Thrombosis and Hemostasis, vol. 33,
no. 8, pp. 798-809, 2007.

[49] D. D. Wagner, “Cell biology of von Willebrand factor;” Annual
Review of Cell Biology, vol. 6, pp. 217-246, 1990.

[50] M. G. Conlan, A. R. Folsom, A. Finch et al., “Associations
of factor VIII and von Willebrand factor with age, race, sex,
and risk factors for atherosclerosis: The Atherosclerosis Risk in
Communities (ARIC) Study;” Thrombosis and Haemostasis, vol.
70, no. 3, pp. 380-385, 1993.

[51] J. H. Jansson, T. K. Nilsson, and O. Johnson, “Von Willebrand
factor in plasma: a novel risk factor for recurrent myocardial
infarction and death,” British Heart Journal, vol. 66, no. 5, pp.
351-355, 1991.

[52] J. H. Pinkney, C. D. A. Stehouwer, S. W. Coppack, and
J. S. Yudkin, “Endothelial dysfunction: cause of the insulin
resistance syndrome,” Diabetes, vol. 46, no. 2, pp. S9-S13, 1997.

[53] S. M. Haftner, “Insulin resistance, inflammation, and the
prediabetic state,” The American Journal of Cardiology, vol. 92,
no. 4 A, pp. 18j-26j, 2003.

[54] A.L.Soares, R. S. Kazmi, M. A. Borges et al., “Elevated plasma
factor VIII and von Willebrand factor in women with type 2
diabetes: inflammatory reaction, endothelial perturbation or
else?” Blood Coagulation and Fibrinolysis, vol. 22, no. 7, pp.
600-605, 2011.

[55] S.Butenas, T. Orfeo, and K. G. Mann, “Tissue factor activity and
function in blood coagulation,” Thrombosis Research, vol. 122,
no. 1, pp. S42-546, 2008.

[56] J. Steffel, T. E Liischer, and F. C. Tanner, “Tissue factor in
cardiovascular diseases: molecular mechanisms and clinical
implications,” Circulation, vol. 113, no. 5, pp. 722-731, 2006.

[57] B. Szotowski, S. Antoniak, W. Poller, H. P. Schultheiss, and
U. Rauch, “Procoagulant soluble tissue factor is released from
endothelial cells in response to inflammatory cytokines,” Circu-
lation Research, vol. 96, no. 12, pp. 1233-1239, 2005.

[58] E Samad, M. Pandey, and D. J. Loskutoff, “Regulation of tissue
factor gene expression in obesity,” Blood, vol. 98, no. 12, pp.
3353-3358, 2001.



12

(59]

(60]

(61]

(62]

(63]

[64]

(65]

[66]

(67]

(68]

[69]

(70]

(71]

[72]

(73]

(74]

C. W. Kopp, H. P. Kopp, S. Steiner et al., “Weight loss reduces
tissue factor in morbidly obese patients,” Obesity Research, vol.
11, no. 8, pp. 950-956, 2003.

E. Napoleone, A. Di Santo, C. Amore et al., “Leptin induces
tissue factor expression in human peripheral blood mononu-
clear cells: a possible link between obesity and cardiovascular
risk?” Journal of Thrombosis and Haemostasis, vol. 5, no. 7, pp.
1462-1468, 2007.

S. Rafail, K. Ritis, K. Schaefer et al., “Leptin induces the
expression of functional tissue factor in human neutrophils and
peripheral blood mononuclear cells through JAK2-dependent
mechanisms and TNF« involvement,” Thrombosis Research, vol.
122, no. 3, pp. 366-375, 2008.

M. Diamant, R. Nieuwland, R. F. Pablo, A. Sturk, J. W. A.
Smit, and J. K. Radder, “Elevated numbers of tissue-factor
exposing microparticles correlate with components of the
metabolic syndrome in uncomplicated type 2 diabetes mellitus,”
Circulation, vol. 106, no. 19, pp. 2442-2447, 2002.

I. Palomo, M. Alarcén, R. Moore-Carrasco, and J. M. Argilés,

“Hemostasis alterations in metabolic syndrome,” International
Journal of Molecular Medicine, vol. 18, no. 5, pp. 969-974, 2006.

T. W. Meade, S. Mellows, and M. Brozovic, “Haemostatic
function and ischaemic heart disease: principal results of the
Northwick Park Heart Study,” Lancet, vol. 2, no. 8506, pp.
533-537, 1986.

K. A. Mitropoulos, G. J. Miller, B. E. A. Reeves, H. C. Wilkes,
and J. K. Cruickshank, “Factor VII coagulant activity is strongly
associated with the plasma concentration of large lipoprotein
particles in middle-aged men,” Atherosclerosis, vol. 76, no. 2-3,
pp. 203-208, 1989.

J. Carvalho De Sousa, E. Bruckert, P. Giral et al., “Coagulation
factor VII and plasma triglycerides. Decreased catabolism as a

possible mechanism of factor VII hyperactivity, Haemostasis,
vol. 19, no. 3, pp. 125-130, 1989.

W. Koenig, “Fibrin(ogen) in cardiovascular disease: an update,”
Thrombosis and Haemostasis, vol. 89, no. 4, pp. 601-609, 2003.

A. 1. Kakafika, E. N. Liberopoulos, and D. P. Mikhailidis,
“Fibrinogen: a predictor of vascular disease,” Current Pharma-
ceutical Design, vol. 13, no. 16, pp. 1647-1659, 2007.

K. Landin, L. Stigendal, E. Eriksson et al., “Abdominal obesity
is associated with an impaired fibrinolytic activity and elevated
plasminogen activator inhibitor-1,” Metabolism, vol. 39, no. 10,
pp. 1044-1048, 1990.

J. B. Meigs, M. A. Mittleman, D. M. Nathan et al., “Hyper-
insulinemia, hyperglycemia, and impaired hemostasis: the
Framingham offspring study;,” Journal of the American Medical
Association, vol. 283, no. 2, pp. 221-228, 2000.

1. Miiller, A. Klocke, M. Alex et al., “Intravascular tissue factor
initiates coagulation via circulating microvesicles and platelets,”
The FASEB Journal, vol. 17, no. 3, pp. 476-478, 2003.

S. Nomura, M. Suzuki, K. Katsura et al., “Platelet-derived
microparticles may influence the development of atheroscle-
rosis in diabetes mellitus,” Atherosclerosis, vol. 116, no. 2, pp.
235-240, 1995.

O. Morel, E Toti, B. Hugel et al., “Procoagulant microparticles:
disrupting the vascular homeostasis equation?” Arteriosclerosis,
Thrombosis, and Vascular Biology, vol. 26, no. 12, pp. 2594-2604,
2006.

S. E Lynch and C. A. Ludlam, “Plasma microparticles and

vascular disorders,” British Journal of Haematology, vol. 137, no.
1, pp. 36-48, 2007.

(75]

o
2

Scientifica

B. Goichot, L. Grunebaum, D. Desprez et al., “Circulating pro-
coagulant microparticles in obesity,” Diabetes and Metabolism,
vol. 32, no. 1, pp. 82-85, 2006.

A. Agouni, A. H. Lagrue-Lak-Hal, P. H. Ducluzeau et al,
“Endothelial dysfunction caused by circulating microparticles
from patients with metabolic syndrome,” American Journal of
Pathology, vol. 173, no. 4, pp. 1210-1219, 2008.

D. Collen and H. R. Lijnen, “Basic and clinical aspects of
fibrinolysis and thrombolysis,” Blood, vol. 78, no. 12, pp.
3114-3124, 1991.

H. R. Lijnen, “Pleiotropic functions of plasminogen activator
inhibitor-1," Journal of Thrombosis and Haemostasis, vol. 3, no.
1, pp. 35-45, 2005.

J. Leurs and D. Hendriks, “Carboxypeptidase U (TAFIa): a
metallocarboxypeptidase with a distinct role in haemostasis and
a possible risk factor for thrombotic disease,” Thrombosis and
Haemostasis, vol. 94, no. 3, pp. 471-487, 2005.

Y. Hori, E. C. Gabazza, Y. Yano et al., “Insulin resistance
is associated with increased circulating level of thrombin-
activatable fibrinolysis inhibitor in type 2 diabetic patients,”
Journal of Clinical Endocrinology and Metabolism, vol. 87, no.
2, pp. 660-665, 2002.

B. N. Bouma and L. O. Mosnier, “Thrombin Activatable
Fibrinolysis Inhibitor (TAFI) at the interface between coag-
ulation and fibrinolysis,” Pathophysiology of Haemostasis and
Thrombosis, vol. 33, no. 5-6, pp. 375-381, 2003.

L. O. Mosnier, P. Buijtenhuijs, P. E Marx, J. C. M. Meijers, and
B.N. Bouma, “Identification of thrombin activatable fibrinolysis
inhibitor (TAFI) in human platelets,” Blood, vol. 101, no. 12, pp.
4844-4846, 2003.

L. Bajzar, “Thrombin activatable fibrinolysis inhibitor and
an antifibrinolytic pathway,” Arteriosclerosis, Thrombosis, and
Vascular Biology, vol. 20, no. 12, pp. 2511-2518, 2000.

P. M. Ridker, D. E. Vaughan, M. J. Stampfer, J. E. Manson, and C.
H. Hennekens, “Endogenous tissue-type plasminogen activator
and risk of myocardial infarction,” Lancet, vol. 341, no. 8854, pp.
1165-1168, 1993.

A. Hamsten, “Hemostatic function and coronary artery dis-
ease,” New England Journal of Medicine, vol. 332, no. 10, pp.
677-678, 1995.

I. Juhan-Vague, S. D. M. Pyke, M. C. Alessi, J. Jespersen, E
Haverkate, and S. G. Thompson, “Fibrinolytic factors and the
risk of myocardial infarction or sudden death in patients with
angina pectoris;,” Circulation, vol. 94, no. 9, pp. 2057-2063,
1996.

L. Juhan-Vague, P. Morange, and M. Christine Alessi, “Fibri-
nolytic function and coronary risk,” Current Cardiology Reports,
vol. 1, no. 2, pp. 119-124, 1999.

H. Bounameaux and E. K. O. Kruithof, “On the association
of elevated tPA/PAI-1 complex and von willebrand factor with
recurrent myocardial infarction,” Arteriosclerosis, Thrombosis,
and Vascular Biology, vol. 20, no. 8, pp. 1857-1859, 2000.

A. Hamsten, G. Walldius, and A. Szamosi, “Plasminogen acti-
vator inhibitor in plasma: risk factor for recurrent myocardial
infarction,” Lancet, vol. 2, no. 8549, pp. 3-9, 1987.

M. S. Sawdey and D. J. Loskutoff, “Regulation of murine type 1
plasminogen activator inhibitor gene expression in vivo. Tissue
specificity and induction by lipopolysaccharide, tumor necrosis
factor-«, and transforming growth factor-f3;” Journal of Clinical
Investigation, vol. 88, no. 4, pp. 1346-1353, 1991.



Scientifica

[91]

[92]

(93]

[94]

[95]

[96]

[97]

(98]

(99]

[100]

[101]

[102]

[103

[104]

[105]

[106]

J. Beltowski, “Adiponectin and resistin—new hormones of
white adipose tissue,” Medical Science Monitor, vol. 9, no. 2, pp.
RA55-RA61, 2003.

D. J. Schneider and B. E. Sobel, “Synergistic augmentation of
expression of plasminogen activator inhibitor type-1 induced
by insulin, very-low-density lipoproteins, and fatty acids,
Coronary Artery Disease, vol. 7, no. 11, pp. 813-817, 1996.

J. Hulthe, L. Bokemark, J. Wikstrand, and B. Fagerberg, “The
metabolic syndrome, LDL particle size, and atherosclerosis:
the atherosclerosis and insulin resistance (AIR) study,” Arte-
riosclerosis, Thrombosis, and Vascular Biology, vol. 20, no. 9, pp.
2140-2147, 2000.

G. P. Van Guilder, G. L. Hoetzer, J. J. Greiner, B. L. Stauffer,
and C. A. DeSouza, “Metabolic syndrome and endothelial
fibrinolytic capacity in obese adults American Journal of
Physiology, vol. 294, no. 1, pp. R39-R44, 2008.

T. Skurk and H. Hauner, “Obesity and impaired fibrinol-
ysis: role of adipose production of plasminogen activator
inhibitor-1,” International Journal of Obesity, vol. 28, no. 11, pp.
1357-1364, 2004.

H. R. Lijnen, “Role of fibrinolysis in obesity and thrombosis,”
Thrombosis Research, vol. 123, no. 4, pp. S46-549, 2009.

M. Ekstrom, J. Liska, P. Eriksson, E. Sverremark-Ekstrom,
and P. Tornvall, “Stimulated in vivo synthesis of plasminogen
activator inhibitor-1 in human adipose tissue,” Thrombosis and
Haemostasis, vol. 108, no. 3, 2012.

J. F. Arenillas, P. Sandoval, N. P. De La Ossa et al., “The metabolic
syndrome is associated with a higher resistance to intravenous
thrombolysis for acute ischemic stroke in women than in men,”
Stroke, vol. 40, no. 2, pp. 344-349, 2009.

B. E. Sobel, J. Woodcock-Mitchell, D. J. Schneider, R. E. Holt,
K. Marutsuka, and H. Gold, “Increased plasminogen activator
inhibitor type 1 in coronary artery atherectomy specimens
from type 2 diabetic compared with nondiabetic patients: a
potential factor predisposing to thrombosis and its persistence,”
Circulation, vol. 97, no. 22, pp. 2213-2221, 1998.

S. G. Thompson, J. Kienast, S. D. Pyke, E Haverkate, and J.
C. van de Loo, “Hemostatic factors and the risk of myocardial
infarction or sudden death in patients with angina pectoris,” The
New England Journal of Medicine, vol. 332, pp. 635-641, 1995.
H. Aubert, C. Frére, M. E Aillaud, P. E. Morange, 1. Juhan-
Vague, and M. C. Alessi, “Weak and non-independent asso-
ciation between plasma TAFI antigen levels and the insulin
resistance syndrome,” Journal of Thrombosis and Haemostasis,
vol. 1, no. 4, pp. 791-797, 2003.

Y. Hori, K. Nakatani, K. Morioka et al., “Insulin enhanced
thrombin-activable fibrinolysis inhibitor expression through
PI3 kinase/Akt pathway,” International Journal of Molecular
Medicine, vol. 15, no. 2, pp. 265-268, 2005.

T. Sato, T. Miwa, H. Akatsu et al., “Pro-carboxypeptidase R is an
acute phase protein in the mouse, whereas carboxypeptidase N
is not,” Journal of Immunology, vol. 165, no. 2, pp. 1053-1058,
2000.

M. B. Boffa, J. D. Hamill, D. Maret et al., “Acute phase mediators
modulate thrombin-activable fibrinolysis inhibitor (TAFI) gene
expression in HepG2 cells,” Journal of Biological Chemistry, vol.
278, no. 11, pp. 9250-9257, 2003.

Z. M. Ruggeri, “Platelets in atherothrombosis,” Nature Medicine,
vol. 8, no. 11, pp. 1227-1234, 2002.

M. C. Alessi and I. Juhan-Vague, “Metabolic syndrome,
haemostasis and thrombosis,” Thrombosis and Haemostasis, vol.
99, no. 6, pp. 995-1000, 2008.

[107]

[108]

[109]

[110]

[111]

[112]

[113]

(114

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

13

P. M. W. Bath and R. J. Butterworth, “Platelet size: measure-
ment, physiology and vascular disease,” Blood Coagulation and
Fibrinolysis, vol. 7, no. 2, pp. 157-161, 1996.

E. Coban, M. Ozdogan, G. Yazicioglu, and F. Akcit, “The mean
platelet volume in patients with obesity,” International Journal
of Clinical Practice, vol. 59, no. 8, pp. 981-982, 2005.

Y. Tavil, N. Sen, H. U. Yazici, F. Hizal, A. Abaci, and A. Cengel,
“Mean platelet volume in patients with metabolic syndrome
and its relationship with coronary artery disease,” Thrombosis
Research, vol. 120, no. 2, pp. 245-250, 2007.

A. Kutlucan, S. Bulur, S. Kr et al., “The relationship between
mean platelet volume with metabolic syndrome in obese indi-
viduals,” Blood Coagulation and Fibrinolysis, vol. 23, no. 5, pp.
388-390, 2012.

G. Davi, M. T. Guagnano, G. Ciabattoni et al., “Platelet
activation in obese women: role of inflammation and oxidant
stress,” Journal of the American Medical Association, vol. 288,
no. 16, pp. 2008-2014, 2002.

F. Graziani, L. M. Biasucci, P. Cialdella et al., “Thromboxane
production in morbidly obese subjects,” American Journal of
Cardiology, vol. 107, no. 11, pp. 1656-1661, 2011.

G. De Pergola, N. Pannacciulli, M. Coviello et al., “sP-selectin
plasma levels in obesity: association with insulin resistance
and related metabolic and prothrombotic factors,” Nutrition,
Metabolism and Cardiovascular Diseases, vol. 18, no. 3, pp.
227-232,2008.

K. Gokulakrishnan, R. Deepa, V. Mohan, and M. D. Gross,
“Soluble P-selectin and CD40L levels in subjects with predia-
betes, diabetes mellitus, and metabolic syndrome—The Chen-
nai Urban Rural Epidemiology Study,” Metabolism, vol. 55, no.
2, pp. 237-242, 2006.

E. Angelico, C. Alessandri, D. Ferro et al., “Enhanced soluble
CDA40L in patients with the metabolic syndrome: relationship
with in vivo thrombin generation,” Diabetologia, vol. 49, no. 6,
pp. 1169-1174, 2006.

F. Santilli, S. Basili, P. Ferroni, and G. Davi, “CD40/CD40L
system and vascular disease,” Internal and Emergency Medicine,
vol. 2, no. 4, pp. 256-268, 2007.

J. N. George, L. L. Thoi, L. M. McManus, and T. A. Reimann,
“Isolation of human platelet membrane microparticles from
plasma and serum,” Blood, vol. 60, no. 4, pp. 834-840, 1982.

O. P. Barry, D. Pratico, R. C. Savani, and G. A. FitzGer-
ald, “Modulation of monocyte-endothelial cell interactions by
platelet microparticles,” Journal of Clinical Investigation, vol.
102, no. 1, pp. 136-144, 1998.

M. Merten, R. Pakala, P. Thiagarajan, and C. R. Bene-
dict, “Platelet microparticles promote platelet interaction with
subendothelial matrix in a glycoprotein IIb/IIla-dependent
mechanism,” Circulation, vol. 99, no. 19, pp. 2577-2582, 1999.
T. Murakami, H. Horigome, K. Tanaka et al., “Impact of weight
reduction on production of platelet-derived microparticles and
fibrinolytic parameters in obesity, Thrombosis Research, vol.
119, no. 1, pp. 45-53, 2007.

O. Morel, E Luca, L. Grunebaum et al., “Short-term very low-
calorie diet in obese females improves the haemostatic balance
through the reduction of leptin levels, PAI-1 concentrations
and a diminished release of platelet and leukocyte-derived
microparticles,” International Journal of Obesity, vol. 35, pp.
1479-1486, 2011.

M. Trovati and G. Anfossi, “Mechanisms involved in platelet
hyperactivation and platelet-endothelium interrelationships in



14

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

(135

[136]

[137]

diabetes mellitus,” Current Diabetes Reports, vol. 2, no. 4, pp.
316-322, 2002.

J. A. Colwell and R. W. Nesto, “The platelet in diabetes: focus on

prevention of ischemic events,” Diabetes care, vol. 26, no. 7, pp.
2181-2188, 2003.

G. Anfossi, I. Russo, and M. Trovati, “Platelet resistance to the
anti-aggregating agents in the insulin resistant states,” Current
Diabetes Reviews, vol. 2, no. 4, pp. 409-430, 2006.

C. Falcon, G. Pfliegler, H. Deckmyn, and J. Vermylen, “The
platelet insulin receptor: detection, partial characterizaztion,
and search for a function,” Biochemical and Biophysical Research
Communications, vol. 157, no. 3, pp. 1190-1196, 1988.

M. Trovati, G. Anfossi, F. Cavalot, P. Massucco, E. Mularoni,
and G. Emanuelli, “Insulin directly reduces platelet sensitivity
to aggregating agents. Studies in vitro and in vivo,” Diabetes, vol.
37, no. 6, pp. 780-786, 1988.

M. Trovati and G. Anfossi, “Influence of insulin and of insulin
resistance on platelet and vascular smooth muscle cell function,”
Journal of Diabetes and its Complications, vol. 16, no. 1, pp.
35-40, 2002.

1. Russo, P. Massucco, L. Mattiello, E Cavalot, G. Anfossi,
and M. Trovati, “Comparison between the effects of the rapid
recombinant insulin analog aspart and those of human regular
insulin on platelet cyclic nucleotides and aggregation,” Throm-
bosis Research, vol. 107, no. 1-2, pp. 31-37, 2002.

K. Hiramatsu, H. Nozaki, and S. Arimori, “Reduction of
platelet aggregation induced by euglycaemic insulin clamp,’
Diabetologia, vol. 30, no. 5, pp. 310-313, 1987.

R. M. Touyz and E. L. Schiffrin, “Blunted inhibition by insulin
of agonist-stimulated calcium, pH and aggregatory responses in
platelets from hypertensive patients,” Journal of Hypertension,
vol. 12, no. 11, pp. 1255-1263, 1994.

J. Westerbacka, H. Yki-Jarvinen, A. Turpeinen et al., “Inhibition
of platelet-collagen interaction: an in vivo action of insulin
abolished by insulin resistance in obesity,’ Arteriosclerosis,
Thrombosis, and Vascular Biology, vol. 22, no. 1, pp. 167-172,
2002.

M. Trovati, G. Anfossi, P. Massucco et al., “Insulin stimulates
nitric oxide synthesis in human platelets and, through nitric
oxide, increases platelet concentrations of both guanosine- 3}5’-
cyclic monophosphate and adenosine-335’-cyclic monophos-
phate,” Diabetes, vol. 46, no. 5, pp. 742-749, 1997.

U. R. Schwarz, U. Walter, and M. Eigenthaler, “Taming platelets
with cyclic nucleotides,” Biochemical Pharmacology, vol. 62, no.
9, pp. 1153-1161, 2001.

J. Yamanishi, Y. Kawahara, and H. Fukuzaki, “Effect of cyclic
AMP on cytoplasmic free calcium in human platelets stimu-
lated by thrombin: direct measurement with quin2,” Thrombosis
Research, vol. 32, no. 2, pp. 183-188, 1983.

Y. Kawahara, J. Yamanishi, and H. Fukuzaki, “Inhibitory action
of guanosine 3}5-monophosphate on thrombin-induced cal-
cium mobilization in human platelets,” Thrombosis Research,
vol. 33, no. 2, pp. 203-209, 1984.

I. A. Ferreira, K. L. Eybrechts, A. I. M. Mocking, C. Kroner,
and J. W. N. Akkerman, “IRS_;, Mediates Inhibition of Ca**
Mobilization by Insulin via the Inhibitory G-protein G;;” Journal
of Biological Chemistry, vol. 279, no. 5, pp. 3254-3264, 2004.
M. Trovati, E. M. Mularoni, S. Burzacca et al., “Impaired
insulin-induced platelet antiaggregating effect in obesity and
in obese NIDDM patients,” Diabetes, vol. 44, no. 11, pp.
1318-1322, 1995.

(138]

[139]

[140]

[141]

[142]

[143]

[144]

(145]

[146]

[147]

[148]

(149]

[150]

[151]

(152]

[153]

Scientifica

M. Trovati and G. Anfossi, “Insulin, insulin resistance and
platelet function: similarities with insulin effects on cultured
vascular smooth muscle cells,” Diabetologia, vol. 41, no. 6, pp.
609-622, 1998.

L. A. Ferreira, A. I. M. Mocking, M. A. H. Feijge et al., “Platelet
inhibition by insulin is absent in type 2 diabetes mellitus,”
Arteriosclerosis, Thrombosis, and Vascular Biology, vol. 26, no.
2, pp. 417-422, 2006.

G. Anfossi, E. M. Mularoni, S. Burzacca et al., “Platelet resis-
tance to nitrates in obesity and obese NIDDM, and normal
platelet sensitivity to both insulin and nitrates in lean NIDDM,”
Diabetes Care, vol. 21, no. 1, pp. 121-126, 1998.

G. Anfossi, I. Russo, P. Massucco et al., “Impaired synthesis
and action of antiaggregating cyclic nucleotides in platelets
from obese subjects: possible role in platelet hyperactivation in
obesity,” European Journal of Clinical Investigation, vol. 34, no.
7, pp. 482-489, 2004

Y. Y. Chirkov and J. D. Horowitz, “Impaired tissue respon-
siveness to organic nitrates and nitric oxide: a new therapeutic
frontier?” Pharmacology and Therapeutics, vol. 116, no. 2, pp.
287-305, 2007.

Y. Y. Chirkov, L. P. Chirkova, and J. D. Horowitz, “Suppressed
anti-aggregating and cGMP-elevating effects of sodium nitro-
prusside in platelets from patients with stable angina pectoris,”
Naunyn-Schmiedeberg’s Archives of Pharmacology, vol. 354, no.
4, pp. 520525, 1996.

Y. Y. Chirkov, A. S. Holmes, L. P. Chirkova, and J. D. Horowitz,
“Nitrate resistance in platelets from patients with stable angina
pectoris,” Circulation, vol. 100, no. 2, pp. 129-134, 1999.

Y. Y. Chirkov, A. S. Holmes, S. R. Willoughby et al., “Stable
angina and acute coronary syndromes are associated with nitric
oxide resistance in platelets,” Journal of the American College of
Cardiology, vol. 37, no. 7, pp. 1851-1857, 2001.

S. Rajendran and Y. Y. Chirkov, “Platelet hyperaggregability:
impaired responsiveness to nitric oxide (“platelet NO resis-
tance”) as a therapeutic target,” Cardiovascular Drugs and
Therapy, vol. 22, no. 3, pp. 193-203, 2008.

I. Russo, P. Del Mese, G. Doronzo et al., “Platelet resistance
to the antiaggregatory cyclic nucleotides in central obesity
involves reduced phosphorylation of vasodilator-stimulated
phosphoprotein,” Clinical Chemistry, vol. 53, no. 6, pp.
1053-1060, 2007.

I. Russo, M. Traversa, K. Bonomo et al., “In central obesity,
weight loss restores platelet sensitivity to nitric oxide and
prostacyclin,” Obesity, vol. 18, no. 4, pp. 788-797, 2010.

C.J. Lyon, R. E. Law, and W. A. Hsueh, “Minireview: adiposity,
inflammation, and atherogenesis,” Endocrinology, vol. 144, no.
6, pp. 2195-2200, 2003.

Y. Matsuzawa, “Therapy insight: adipocytokines in metabolic
syndrome and related cardiovascular disease;” Nature Clinical
Practice Cardiovascular Medicine, vol. 3, no. 1, pp. 35-42, 2006.

I. Harman-Boehm, M. Blither, H. Redel et al., “Macrophage
infiltration into omental versus subcutaneous fat across differ-
ent populations: effect of regional adiposity and the comor-
bidities of obesity, Journal of Clinical Endocrinology and
Metabolism, vol. 92, no. 6, pp. 2240-2247, 2007.

H. Waki and P. Tontonoz, “Endocrine functions of adipose
tissue,” Annual Review of Pathology, vol. 2, pp. 31-56, 2007.

H. Tilg and A. R. Moschen, “Adipocytokines: mediators linking
adipose tissue, inflammation and immunity;” Nature Reviews
Immunology, vol. 6, no. 10, pp. 772-783, 2006.



Scientifica

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

(163]

(164

[165]

[166]

[167]

[168]

[169]

[170]

G. B. Di Gregorio, A. Yao-Borengasser, N. Rasouli et al.,
“Expression of CD68 and macrophage chemoattractant
protein-1 genes in human adipose and muscle tissues:
association with cytokine expression, insulin resistance,
and reduction by pioglitazone,” Diabetes, vol. 54, no. 8, pp.
2305-2313, 2005.

M. Guerro-Millo, “Adipose tissue and adipokines: for better or
worse,” Diabetes and Metabolism, vol. 30, no. 1, pp. 13-19, 2004.
M. Bliither, “Adipose tissue dysfunction in obesity,” Experimen-
tal and Clinical Endocrinology and Diabetes, vol. 117, no. 6, pp.
241-250, 2009.

L. A. Campfield, E J. Smith, Y. Guisez, R. Devos, and P. Burn,
“Recombinant mouse OB protein: evidence for a peripheral
signal linking adiposity and central neural networks,” Science,
vol. 269, no. 5223, pp. 546-549, 1995.

K. I. Paraskevas, C. D. Liapis, and D. P. Mikhailidis, “Leptin:
a promising therapeutic target with pleiotropic action besides
body weight regulation,” Current Drug Targets, vol. 7, no. 6, pp.
761-771, 2006.

A. M. Wallace, A. D. McMahon, C. J. Packard et al., “Plasma
leptin and the risk of cardiovascular disease in the West of
Scotland Coronary Prevention Study (WOSCOPS),” Circula-
tion, vol. 104, no. 25, pp. 3052-3056, 2001.

J. Gomez-Ambrosi, J. Salvador, C. Silva et al, “Increased
cardiovascular risk markers in obesity are associated with body
adiposity: role of leptin,” Thrombosis and Haemostasis, vol. 95,
no. 6, pp. 991-996, 2006.

M. V. Poulakou, K. I. Paraskevas, M. R. Wilson et al.,
“Apolipoprotein J and leptin levels in patients with coronary
heart disease,” In Vivo, vol. 22, no. 4, pp. 537-542, 2008.

W. Lieb, L. M. Sullivan, T. B. Harris et al., “Plasma leptin levels
and incidence of heart failure, cardiovascular disease, and total
mortality in elderly individuals,” Diabetes Care, vol. 32, no. 4,
pp. 612-616, 2009.

G. Frithbeck, “A heliocentric view of leptin,” Proceedings of the
Nutrition Society, vol. 60, no. 3, pp. 301-318, 2001.

S. Soderberg, B. Stegmayr, C. Ahlbeck-Glader, L. Slunga-
Birgander, B. Ahrén, and T. Olsson, “High leptin levels are
associated with stroke,” Cerebrovascular Diseases, vol. 15, no. 1-
2, pp. 63-69, 2003.

A. Qasim, N. N. Mehta, M. G. Tadesse et al., “Adipokines,
insulin resistance, and coronary artery calcification,” Journal of
the American College of Cardiology, vol. 52, no. 3, pp. 231-236,
2008.

M. P. Reilly, N. Igbal, M. Schutta et al., “Plasma leptin levels
are associated with coronary atherosclerosis in type 2 diabetes,”
Journal of Clinical Endocrinology and Metabolism, vol. 89, no. 8,
pp. 3872-3878, 2004.

P. Piatti, C. Di Mario, L. D. Monti et al, “Association of
insulin resistance, hyperleptinemia, and impaired nitric oxide
release with in-stent restenosis in patients undergoing coronary
stenting,” Circulation, vol. 108, no. 17, pp. 2074-2081, 2003.

P. M. Piatti and L. D. Monti, “Insulin resistance, hyper-
leptinemia and endothelial dysfunction in coronary restenosis,”
Current Opinion in Pharmacology, vol. 5, no. 2, pp. 160-164,
2005.

M. Nakata, T. Yada, N. Soejima, and I. Maruyama, “Leptin
promotes aggregation of human platelets via the long form of
its receptor;,” Diabetes, vol. 48, no. 2, pp. 426-429, 1999.

S. Konstantinides, K. Schifer, S. Koschnick, and D. J. Loskutoff,
“Leptin-dependent platelet aggregation and arterial thrombosis

(171

(172

(173

(174

[175

(176

(177

(178

[179

[180

[181

(182

(183

[184

J

]

]

]

]

]

]

]

]

]

]

15

suggests a mechanism for atherothrombotic disease in obesity;’
Journal of Clinical Investigation, vol. 108, no. 10, pp. 1533-1540,
2001.

A. Corsonello, F. Perticone, A. Malara et al., “Leptin-dependent
platelet aggregation in healthy, overweight and obese subjects,”
International Journal of Obesity, vol. 27, no. 5, pp. 566-573,
2003.

H. S. Elbatarny and D. H. Maurice, “Leptin-mediated activation
of human platelets: involvement of a leptin receptor and
phosphodiesterase 3A-containing cellular signaling complex,”
American Journal of Physiology, vol. 289, no. 4, pp. E695-E702,
2005.

S. Soderberg, T. Olsson, M. Eliasson, O. Johnson, and B.
Ahrén, “Plasma leptin levels are associated with abnormal
fibrinolysis in men and postmenopausal women,” Journal of
Internal Medicine, vol. 245, no. 5, pp. 533-543, 1999.

V. De Mitrio, G. De Pergola, R. Vettor et al., “Plasma plas-
minogen activator inhibitor-I is associated with plasma leptin
irrespective of body mass index, body fat mass, and plasma
insulin and metabolic parameters in premenopausal women,”
Metabolism, vol. 48, no. 8, pp. 960-964, 1999.

A. M. Thegersen, S. Soderberg, J. H. Jansson et al., “Interactions
between fibrinolysis, lipoproteins and leptin related to a first
myocardial infarction,” European Journal of Cardiovascular
Prevention and Rehabilitation, vol. 11, no. 1, pp. 33-40, 2004.

N. E Chu, D. Spiegelman, G. S. Hotamisligil, N. Rifai, M.
Stampfer, and E. B. Rimm, “Plasma insulin, leptin, and soluble
TNF receptors levels in relation to obesity-related atherogenic
and thrombogenic cardiovascular disease risk factors among
men,” Atherosclerosis, vol. 157, no. 2, pp. 495-503, 2001.

M. T. Guagnano, M. Romano, A. Falco et al., “Leptin increase
is associated with markers of the hemostatic system in obese
healthy women,” Journal of Thrombosis and Haemostasis, vol. 1,
no. 11, pp. 2330-2334, 2003.

T. Skurk, V. Van Harmelen, Y. M. Lee, A. Wirth, and H.
Hauner, “Relationship between iL-6, leptin and adiponectin
and variables of fibrinolysis in overweight and obese hyperten-
sive patients,” Hormone and Metabolic Research, vol. 34, no. 11-
12, pp. 659-663, 2002.

J. Malyszko, S. Wolczynski, J. Matyszko, and M. Myféliwiec,
“Leptin correlates with some hemostatic parameters in CAPD
patients,” Nephron, vol. 92, no. 3, pp. 721-724, 2002.

K. Rahmouni, D. A. Morgan, G. M. Morgan, A. L. Mark, and W.
G. Haynes, “Role of selective leptin resistance in diet-induced
obesity hypertension,” Diabetes, vol. 54, no. 7, pp. 2012-2018,
2005.

P. Kougias, H. Chai, P. H. Lin, Q. Yao, A. B. Lumsden, and C.
Chen, “Effects of adipocyte-derived cytokines on endothelial
functions: implication of vascular disease,” Journal of Surgical
Research, vol. 126, no. 1, pp. 121-129, 2005.

K. A. L. Darvall, R. C. Sam, S. H. Silverman, A. W. Bradbury,
and D. J. Adam, “Obesity and Thrombosis,” European Journal of
Vascular and Endovascular Surgery, vol. 33, no. 2, pp. 223-233,
2007.

M. Tesauro, E Schinzari, M. Iantorno et al., “Ghrelin improves
endothelial function in patients with metabolic syndrome,”
Circulation, vol. 112, no. 19, pp. 2986-2992, 2005.

J. Beltowski, A. Jamroz-Wisniewska, and S. Widomska,
“Adiponectin and its role in cardiovascular diseases;

Cardiovascular and Hematological Disorders. Drug Targets, vol.
8, no. 1, pp. 7-46, 2008.



16

(185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

[198]

[199]

[200]

V. Sharma and J. H. McNeill, “The emerging roles of leptin
and ghrelin in cardiovascular physiology and pathophysiology,”
Current Vascular Pharmacology, vol. 3, no. 2, pp. 169-180, 2005.

K. Bhagat and P. Vallance, “Inflammatory cytokines impair
endothelium-dependent dilatation in human veins in vivo,”
Circulation, vol. 96, no. 9, pp. 3042-3047, 1997.

M. C. Alessi, H. R. Lijnen, D. Bastelica, and I. Juhan-Vague,
“Adipose tissue and atherothrombosis,” Pathophysiology of
Haemostasis and Thrombosis, vol. 33, no. 5-6, pp. 290-297, 2003.

D. C. W. Lau, B. Dhillon, H. Yan, P. E. Szmitko, and S.
Verma, “Adipokines: molecular links between obesity and
atheroslcerosis,” American Journal of Physiology, vol. 288, no. 5,
pp. H2031-H2041, 2005.

S. Verma, S. H. Li, C. H. Wang et al,, “Resistin promotes
endothelial cell activation: further evidence of adipokine-
endothelial interaction,” Circulation, vol. 108, no. 6, pp.
736-740, 2003.

Q. Qi, J. Wang, H. Li et al, “Associations of resistin with
inflammatory and fibrinolytic markers, insulin resistance, and
metabolic syndrome in middle-aged and older Chinese,” Euro-
pean Journal of Endocrinology, vol. 159, no. 5, pp. 585-593,
2008.

R. S. Ahima and J. S. Flier, “Adipose tissue as an endocrine
organ,” Trends in Endocrinology and Metabolism, vol. 11, no. 8,
pp. 327-332, 2000.

G. Giacchetti, E. Faloia, C. Sardu et al., “Gene expression of
angiotensinogen in adipose tissue of obese patients,” Interna-
tional Journal of Obesity, vol. 24, no. 2, pp. S142-S143, 2000.

V. Van Harmelen, P. Ariapart, J. Hoffstedt, I. Lundkvist, S.
Bringman, and P. Arner, “Increased adipose angiotensinogen
gene expression in human obesity;” Obesity Research, vol. 8, no.
4, pp. 337-341, 2000.

G. Ailhaud, A. Fukamizu, F Massiera, R. Negrel, P. Saint-Marc,
and M. Teboul, “Angiotensinogen, angiotensin II and adipose
tissue development,” International Journal of Obesity, vol. 24, no.
4, pp. $33-835, 2000.

M. C. Alessi and I. Juhan-Vague, “PAI-1 and the metabolic
syndrome: links, causes, and consequences,” Arteriosclero-
sis, Thrombosis, and Vascular Biology, vol. 26, no. 10, pp.
2200-2207, 2006.

A. R. Brasier, A. Recinos, M. S. Eledrisi, and M. S. Runge,
“Vascular inflammation and the renin-angiotensin system,”
Arteriosclerosis, Thrombosis, and Vascular Biology, vol. 22, no.
8, pp. 1257-1266, 2002.

P. Dandona, S. Dhindsa, H. Ghanim, and A. Chaudhuri,
“Angiotensin I and inflammation: the effect of angiotensin-
converting enzyme inhibition and angiotensin II receptor
blockade,” Journal of Human Hypertension, vol. 21, no. 1, pp.
20-27, 2007.

M. C. Alessi, M. Poggi, and I. Juhan-Vague, “Plasminogen
activator inhibitor-1, adipose tissue and insulin resistance,’
Current Opinion in Lipidology, vol. 18, no. 3, pp. 240-245, 2007.

H. Zhang, Y. Park, ]J. Wu et al,, “Role of TNF-« in vascular
dysfunction,” Clinical Science, vol. 116, no. 3, pp. 219-230, 2009.

D. Bastelica, A. Mavri, M. Verdier, B. Berthet, I. Juhan-
Vague, and M. C. Alessi, “Relationships between fibrinolytic
and inflammatory parameters in human adipose tissue: strong
contribution of TNFa receptors to PAI-1 levels,” Thrombosis
and Haemostasis, vol. 88, no. 3, pp. 481-487, 2002.

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]

[209]

[210]

[211

[212]

[213]

[214]

[215]

(216

[217]

Scientifica

V. DeClercq, C. Taylor, and P. Zahradka, “Adipose tissue: the
link between obesity and cardiovascular disease,” Cardiovascu-
lar and Hematological Disorders - Drug Targets, vol. 8, no. 3, pp.
228-237,2008.

C. Z. Song, T. E. Siok, and T. D. Gelehrter, “Smad4/DPC4
and Smad3 mediate transforming growth factor-f (TGF-p)
signaling through direct binding to a novel TGF-f-responsive
element in the human plasminogen activator inhibitor-1 pro-
moter;” Journal of Biological Chemistry, vol. 273, no. 45, pp.
29287-29290, 1998.

K. M. McLaren, “Immunohistochemical localisation of throm-
bospondin in human megakaryocytes and platelets,” Journal of
Clinical Pathology, vol. 36, no. 2, pp. 197-199, 1983.

M. Okuno, E. Arimoto, M. Nishizuka, T. Nishihara, and
M. Imagawa, “Isolation of up- or down-regulated genes in
PPARy-expressing NIH-3T3 cells during differentiation into
adipocytes,” FEBS Letters, vol. 519, no. 1-3, pp. 108-112, 2002.
P. Bornstein, “Thrombospondins as matricellular modulators of
cell function,” Journal of Clinical Investigation, vol. 107, no. 8, pp.
929-934, 2001.

S. E. Crawford, V. Stellmach, J. E. Murphy-Ullrich et al.,
“Thrombospondin-1 is a major activator of TGF-f1 in vivo,”
Cell, vol. 93, no. 7, pp. 1159-1170, 1998.

J. E. Murphy-Ullrich and M. Poczatek, “Activation of latent
TGF-f by thrombospondin-1: mechanisms and physiology,”
Cytokine and Growth Factor Reviews, vol. 11, no. 1-2, pp. 59-69,
2000.

N. Rasouli and P. A. Kern, “Adipocytokines and the metabolic
complications of obesity;,” Journal of Clinical Endocrinology and
Metabolism, vol. 93, no. 11, supplement, pp. s64-s73, 2008.

H. N. Ginsberg and A. E H. Stalenhoef, “The metabolic
syndrome: targeting dyslipidaemia to reduce coronary risk;
Journal of Cardiovascular Risk, vol. 10, no. 2, pp. 121-128, 2003.
S. M. Haffner, L. Mykkanen, D. Robbins et al., “A preponderance
of small dense LDL is associated with specific insulin, proinsulin
and the components of the insulin resistance syndrome in non-
diabetic subjects,” Diabetologia, vol. 38, no. 11, pp. 1328-1336,
1995.

E Dentali, A. Squizzato, and W. Ageno, “The metabolic syn-
drome as a risk factor for venous and arterial thrombosis,”
Seminars in Thrombosis and Hemostasis, vol. 35, no. 5, pp.
451-457, 2009.

C. Mineo, H. Deguchi, J. H. Griffin, and P. W. Shaul, “Endothe-
lial and antithrombotic actions of HDL,” Circulation Research,
vol. 98, no. 11, pp. 1352-1364, 2006.

C.J. M. Doggen, N. L. Smith, R. N. Lemaitre, S. R. Heckbert, E
R. Rosendaal, and B. M.. Psaty, “Serum lipid levels and the risk of
venous thrombosis,” Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 24, no. 10, pp. 1970-1975, 2004.

G. De Pergola and N. Pannacciulli, “Coagulation and fibri-
nolysis abnormalities in obesity;” Journal of Endocrinological
Investigation, vol. 25, no. 10, pp. 899-904, 2002.

P. Davizon and J. A. Lopez, “Microparticles and thrombotic
disease,” Current Opinion in Hematology, vol. 16, no. 5, pp.
334-341, 2009.

L. Hutley and J. B. Prins, “Fat as an endocrine organ: rela-
tionship to the metabolic syndrome,” American Journal of the
Medical Sciences, vol. 330, no. 6, pp. 280-289, 2005.

A. Gavrila, J. L. Chan, N. Yiannakouris et al, “Serum
adiponectin levels are inversely associated with overall and
central fat distribution but are not directly regulated by acute



Scientifica

fasting or leptin administration in humans: cross-sectional and
interventional studies,” Journal of Clinical Endocrinology and
Metabolism, vol. 88, no. 10, pp. 4823-4831, 2003.

[218] R. Sriraman and J. E. Tooke, “Endothelial dysfunction and
insulin resistance;,” Metabolic Syndrome and Related Disorders,
vol. 2, no. 2, pp. 129-136, 2004.

[219] V. G. Athyros, D. P. Mikhailidis, A. A. Papageorgiou et al.,
“Targeting vascular risk in patients with metabolic syndrome
but without diabetes,” Metabolism, vol. 54, no. 8, pp. 1065-1074,
2005.

[220] V. G. Athyros, A. Karagiannis, A. I. Hatzitolios et al., “Stan-
dardized arrangement for a guideline-driven treatment of the
metabolic syndrome: the SAGE-METS study,” Current Medical
Research and Opinion, vol. 25, no. 4, pp. 971-980, 2009.

17



