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Introduction 
 

Metabolic syndrome (MS) despite all controversies concerning its definition and 
pathogenesis [1–4] is a serious problem of public health. Its prevalence in economically 
developed countries is increasing (affecting around one third of the adult population) and 
MS is associated with increased risk of cardiovascular morbidity and mortality [5–7]. 

Although not mentioned in any of the current definitions, it is clear that insulin 
resistance (IR) alone and MS as a complex pathological condition is unambiguously 
associated with hypercoagulation and trombophilic state. This is a result of endothel 
dysfunction, increased activity of coagulation factors, hyperactivity of platelets and 
decreased fibrinolysis [8]. 

 
Endothel dysfunction in MS 

 
In physiological conditions endothel cells possess remarkable antithrombotic properties 

dependent on many different factors as the negative charge of the glycocalyx, the secretion 
of antithrombin III (ATIII) and of tissue activator of plasminogen (tPA) as well as a balance 
between the production of prostacycline I2 (PGI2) and thromboxane A2 (TXA2) synthesis 
and also a low level of von Willebrand factor (vWF) [9, 10]. 

In stress condtions endothel cells secrete more procoagulant and platelet activation 
substances as the inhibtor of plasminogen activator, interleukin 1 (IL1), platelet activation 
factor (PAF) tumor necrotizing factor alpha (TNFα) and many others [11, 12]. 

Endothel dysfunction arising as a consequence of long-term mechanical and chemical 
injury is characterized by inflammation, oxidative stress and by imbalance between 
vasodilating and vasoconstricting equilibrium. These conditions can act both as etiological 
factors and as consequences of clinically manifest cardiovascular disease. 

MS is connected with oxidative stress [13] and the reactive forms of oxygen in addition 
to other deleterious effects promote the formation and release of endothel-derived 
microparticles (EMP). They activate both white blood cells and platelets and also induce 
the release of tissue factor (TF) [14].  
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Another source of TF in MS is its release induced by oxidized LDL particles, another 
substance formed in oxidative stress. A third possibility is TF release through C-reactive 
protein, an acute phase protein. TF as the main initiator of the coagulation cascade is 
causally connected to atherogenesis and thrombosis in MS, IR and also in diabetic patients 
with micro- and macrovascular complications [15]. 

 
Hypercoagulation in MS  

 
In addition to increased activation of TF patients with MS have increased concentration 

of factors VII, VIII, IX, X, XIII, fibrinogen and vWF [16–18]. The increased concentration 
of fibrinogen is probably a caused by the direct effect of interleukin 6 (IL6) on its synthesis 
in the liver. Hyperfibrinogenaemia is a well-known independent and strong risk factor of 
coronary artery disease and ischaemic stroke [16]. According to [17] the increase of factors 
VII, IX and X is associated with plasma triacylglycerol (TAG) concetration and the 
increased activity of factor VII is associated with postprandial hyperlipidemia in general 
[18]. The surface of triacylglycerol rich lipoproteins has marked procoagulant properties 
wich can contribute to their activation. 

In patients with manifest type 2 diabetes mellitus (T2DM) the increased level of fVII 
correlated with the degree of their insulin resistance (measured as insulin concentration) 
and with plasma cholesterol. Similar increase of fVII was detected also in first-grade 
relatives of patients with T2DM [19]. Another factor associated with insulin resistance was 
the increased concentration of prothrombin fragments F1 and F2, These fragments are 
increased also in hypertension and are considered as an independent risk factor of acute 
coronary events [18, 19]. The coagulation system is strictly controlled by anticoagulants as 
ATIII, protein S and C. According to [20] the concentration of proteins S and C are 
decreased in insulin resistance and the decrease is associated with elevated plasminogen 
activator inhibitor 1 (PAI-1) concentration. 

 
Increased activity of platelets in MS 
 

The increased adhesivity and aggregability of platelets in patients with MS (as well as 
those with IR and impaired glucose tolerance) is a complex process. The causes of this 
complex condition are listed in Table 1. Endothel dysfunction and changes in the 
coagulation system described above are also connected with platelet dysfunction in MS 
[21]. The key factor of platelet hyperactivity is probably the altered biophysical state of 
their plasma membrane which can lead to calcium release and increased synthesis and 
secretion of thromboxane A2 (TXA2). This was demonstrated in patients with T2DM. On 
the other side increased TXA2 is also associated with increased triacylglycerol, VLDL and 
chylomicron remnant concentration as well and all these conditions are present in MS [22].  

The lectin-like receptors LOX-1 present on the surface of platelets bind oxidized LDL 
particles and subsequently activate them through proteinkinase p38. This probably the 
explanation of the association between oxidative stress and thrombophilic state in MS 
[23, 24]. 

Last but not least insulin itself can play role in platelet function. Insulin application in 
healthy subjects decreases their aggregability but this is not case in obese subjects with 
IR [25]. 
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Table 1 
Possible causes of thrombocyte hypersensitivity and hyperactivity in MS 

Abundance or overexpression of glycoprotein receptors for adhesion molecules 
Increased binding of fibrinogen to platelets 
Decreased fluidity of thrombocyte plasma membrane 
Altered metabolism of thrombocytes 
Changes in intrathrombocyte signal pathways 
 
Decreased fibrinolysis in MS 
 

In MS thrombosis is a menacing situation but one should keep in mind that common 
gene polymorphisms are influencing the coagulation-fibrinolysis system and can contribute 
to clinical manifestation of both venous and arterial thrombosis in patients wit MS and IR. 

Patients with MS have an unfavorable ratio between tissue plasminogen activator (t-PA) 
and its inhibitor PAI-1 [26, 27]. PAI-1 is elevated already in patients with isolated 
components of MS as in abdominal obesity, hypertension, hypertriacylglycerolaemia and 
nonalcoholic fatty liver disease (NAFLD) [28]. NAFLD itself is associated with 
hypercoagulation and inflammation independently on other  cardiovascular risk factors 
[29]. In IR and MS also the concentration of tPA/PAI-1complex is also increased [26]. The 
source of increased PAI-1 synthesis in MS is not fully clear. In addition to liver and 
visceral fat in metabolic disturbance associated with MS also other tissues can produce 
PAI-I [30]. Probably also the inflammatory cytokines (TNFα, IL6) overexpressed in MS can 
stimulate PAI-1 synthesis. PAI-1 through its influence on vitronectin is also associated with 
vessel wall remodelation and contributes to the pathogenesis of angiopathy already before 
manifestation of diabetes. Another inhibitor of fibrinolysis balthough with weaker effect as 
PAI-1 of produced solely in liver is the thrombin-activable fibrinolysis inhibitor (TAFI) Its 
concentration is increased in T2DM but its role in MS is also probable 

Weight loss, physical activity and some pharmacological approaches (Table 2) decrease 
PAI-1 concentration and the risk of thrombotic and cardiovascular events in MS patients 
[31–36].  

Table 2 

Favourable effects of some drugs on PAI-1 concentration in MS and T2DM 

Insulin sensitisers as metformin and rosiglitasone 
ACE inhibitors (also attenuating endothel dysfuction and platelet hyperactivity)* 
Blockers of angiotensin II receptors. 
Second generation imidazole receptor inhibitors. 
*In contrast to blockers of angiotensin II (sartans). 

 
Abbreviations 

 
ATIII Antithrombin III 
EMP Endothel-derived microparticles 
fVII  Proconvertin  
fVIII  Antihaemophilic globulin 
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fIX   Christmas factor 
fX   Stuart factor 
fXIII  Fibrin stabilising factor 
IL1, IL6 Interleukin 1, 6 
IR  Insulin resistance 
LDL, VLDL Low density, very low density lipoprotein 
LOX1 Lectin-like oxidized lipoprotein receptor 1 
MS  Metabolic syndrome 
NAFLD Non-alcholic fatty liver disease 
PAF  Platelet activation factor 
PAI-1 Plasminogen activator inhibitor 1 
PGI2 Prostacyclin 2 
TAFI Thrombin-activable fibrinolysis inhibitor 
TAG Triacylglycerol 
TF  Thromboplastin, (fIII and CD142) 
TNFα Tumor necrosis factor alpha 
tPA  Tissue plasminogen activator 
TXA2 Thromboxane A2 
T2DM Type 2 diabetes mellitus 
vWf  Von Willebrand factor 
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