
In the field of thrombosis a distinction has traditionally been

maintained between venous and arterial thrombosis in terms of 

both the composition of the thrombus (fibrin- and cell-rich red

thrombus in the veins versus platelet-rich white thrombus in the

arteries) and risk factors. Venous thrombosis has been associated with

hypercoagulability and/or reduced blood flow, whereas arterial

thrombosis has been linked to atherosclerosis. However, more

recently clinical epidemiology has suggested that risk factors for

venous and arterial thrombosis in part overlap.1,2 This rather subversive

observation is apparently without an explanation and seems, at first

glance, to contradict everything that has been accepted about

thrombosis for decades. 

Chronic inflammation is increasingly recognised as a fundamental

pathogenetic mechanism in a large number of diseases and

conditions associated with an increased prevalence of thrombosis,

some of which are listed in Table 1. C-reactive protein, an established

and widely used marker of inflammation, is known to be associated

with arterial thrombosis3 and was recently shown to be independently

associated with venous thromboembolism.4 Inflammation does not

occur alone, or so practitioners like to believe: it is usually associated

with infection or some other kind of toxicity, such as persistent

hyperglycaemia or immune response, whether physiological or

pathological, so it can be difficult to separate the effect of toxicity

from that of inflammation. 

Recently, experimental evidence has accumulated in terms of the effect

of chronic inflammation, whatever its origin, on haemostatic response

and endothelial and immune function. The main results of this research

point to the conclusion, at least provisionally, that at some point in

chronic disease progression inflammation does occur alone and is

sufficient by itself to provoke and maintain a prothrombotic 

condition. Moreover, inflammation and its regulation is emerging as a

fundamental feature of ageing, giving rise to the new term 

‘inflamm-ageing.’5 On the whole, the evidence points to the fact that

haemostasis and inflammation are tightly linked and that platelets and

coagulation factors participate in inflammation and immune responses.

The resulting prothrombotic phenotype predisposes to both arterial and

venous thrombosis.

Inflammation and Platelets
Platelets play a major role in haemostasis: they bind to the exposed

subendothelium, even at high shear, expose procoagulant surfaces 

and secrete vasoactive proaggregants, procoagulant substances and

growth factors. Platelets thus participate in amplification of the

coagulant response and the formation of stable clots and vessel wall

repair. Recent evidence points to platelets being inflammatory cells.6,7

The activation of platelets may result in the release of multiple and

diverse soluble mediators with pleiotropic functions in inflammation.

Chemokines are an example of these mediators; they are responsible

for the recruitment of immune cells, lipid mediators and cytokines.6,8

On activation, platelets express new surface proteins, some of which

are implicated in leukocyte recruitment and chemokine deposition.

One example of such surface proteins is P-selectin. This serves as an

anchor for inflammatory leukocytes, facilitating the delivery and

immobilisation of platelet-derived chemokines on the activated

endothelium.9,10 Another important platelet surface receptor is CD40L,

a tumour necrosis factor-alpha (TNF-α)-related transmembrane

receptor implicated in inflammation and innate immunity.8 Recent

evidence suggests that CD40L is involved in enhancing the signals
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required for adaptive immunity, for example antigen-specific antibody

production and allograft rejection.6 In inflammatory bowel disease,

CD40L-positive platelets have been shown to adhere to mucosal

microvascular endothelium in vivo, where they trigger or amplify a

pro-inflammatory response.11 Platelets also secrete soluble CD40L

(sCD40L), which in sickle cell anaemia is elevated in plasma and

biologically active. It therefore contributes to the induction of B cells,

tissue factor and inter-Cellular adhesion molecule 1 (ICAM-1),

suggesting that sCD40L may add to the chronic inflammation and

increased thrombotic activity known to occur in this disorder.12

sCD40L interacts with another protein, type I transmembrane

receptor CD40, which is expressed on platelet activation but is also

present on monocytes/macrophages and endothelial cells. The

sCD40L–CD40 interaction in this context promotes monocyte

adhesion to vascular endothelium, endothelial activation and

expression of leukocyte adhesion molecules.8

Platelets have been shown to activate dendritic cells through the

expression of CD40L in both in vitro and in vivo mouse models. Thus,

through the co-stimulatory activity of dendritic cells, platelets are able

to regulate T- and B-cell responses.13 Although the clinical significance

of these observations has not yet been determined, it is interesting to

note that increased expression of platelet activation markers,

including CD40L, can be detected in several diseases with T- and 

B-cell components. These include inflammatory bowel disease,

atherosclerosis, diabetes and systemic lupus erythematosus.13

An activating capability of oxidised low-density lipoprotein (LDL)

cholesterol on platelets mediated by the platelet receptor CD36 has

recently been described. This is an interesting relationship between

platelets and the chronic inflammatory feature of atherosclerosis.14

This activation can be further augmented by endothelial-cell-derived

microparticles, which also bind and activate platelets via CD36.15

Besides hyperlipidemia, two other mechanisms might link obesity or

the metabolic syndrome to thrombosis. The first is mediated by 

leptin, a hormone that regulates energy intake and is structurally 

and functionally related to cytokines. Leptin can enhance platelet

aggregation when present in high concentrations, such as those

observed in obese individuals.16,17 A second mechanism is observed in

central obesity and involves insulin resistance. Platelets physiologically

express insulin receptors. Insulin decreases the sensitivity of circulating

platelets to agonists and platelet deposition under high shear rate

conditions.18 This may be why platelets from patients with diabetes 

or those who are obese are less sensitive to the antiaggregating 

effects of insulin.19

Another pathway linking innate immunity, haemostasis and thrombosis

is the activation of a complement by platelets or platelet microparticles,

supposedly through the expression of the C1q receptor on the platelet

surface and the expression of P-selectin.7 The complement-activated

components C3a and C5a are potent pro-inflammatory agents. The

terminal complement complex C5b–9 has platelet- and endothelial-

activating properties at sublytic concentrations.7

The platelet chemokine platelet factor-4 (PF-4) and beta-thromboglobulins

have an important, although diversified, role in innate immunity as well

as an established and well-known role in haemostasis.20,21 They are the
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Table 1: Diseases and Conditions Associated with an Increased Risk of Arterial and/or Venous 
Thrombosis and Inflammation

Disease or Condition                      Type of Thrombosis         Estimated Thrombosis Risk References

Diabetes                                             Arterial and venous*          HR for AMI: 2.5 (2.45–2.55) in men and 3.73 (3.65–3.82) in women Booth et al., 2006a

                                                                                                       OR for VTE: 1.42 (1.12–1.77) Ageno et al., 2008b

Overweight and obesity                     Arterial and venous            OR for CVD: 1.36 (1.27–1.44)† Ye et al., 2009c

                                                                                                       HR for VTE: 1.92 (1.05–3.48) in women and 2.78 (1.47–5.27) in men‡ Borch et al., 2010d

Metabolic syndrome                          Arterial and venous            OR for CVD: 3.48 (2.26–5.37) Cabré et al., 2008e

                                                                                                       OR for VTE: 1.94 (1.04–3.63)# Ageno et al., 2006f

Chronic obstructive                            Arterial                                OR for CVD: 2.7 (2.3–3.2) Finkelstein et al., 2009g

pulmonary disease                                                                         

Systemic lupus erythematosus          Arterial and venous            IR for arterial VTE: 11.8 events/100 person-years Chang et al., 2006h

                                                                                                       IR for VTE: 12.06 events/100 person-years

Inflammatory bowel disease              Arterial and venous            IRR for ischaemic heart disease: 1.26 (1.11–1.44) Bernstein et al., 2008i

                                                                                                       HR for acute mesenteric ischaemia: 11.2 Ha et al., 2009j

                                                                                                       OR for VTE: 3.6 (1.7–7.8) Miehsler et al., 2004k

HIV infection                                       Arterial and venous            RR for CVD: 1.5–2§ Grinspoon et al., 2008l

Sickle cell disease                              Venous                                OR for PE: 3.9 (2.2–6.9) Tsaras et al., 2009m

                                                                                                       OR for DVT/PE: 1.8 (1.2–2.9)

Ageing                                                Arterial and venous            IR for CVD: from 3 per 1,000 men 35–44 years of age to Lloyd-Jones et al., 2009n

                                                                                                       74 per 1,000 men 85–94 years of age; for women, Silverstein et al., 1998o

                                                                                                       similar rates occur 10 years later in life

                                                                                                       For VTE: 10-fold increase in risk from 45–49 to >85 years of age

*A recent large epidemiological study reported that diabetes, after controlling for other variables, is actually not a risk factor for venous thromboembolism (Heit et al., 2009). †In those 45–64
years of age compared with those >65 years of age. ‡For waist circumference ≥85cm in women and ≥95cm in men. #Idiopathic event in men. §Compared with men of the same age.
Risk is reported as odds ratio (OR), hazard ratio (HR), incidence rate (IR), incidence rate ratio (IRR) or relative risk (RR), depending on the original study design. Exemplification risk estimates
were chosen. Other estimates are available in the medical literature. 95% confidence intervals (CIs) are in brackets. 
AMI = acute myocardial infarction; CVD = cardiovascular disease; DVT = deep vein thrombosis; HIV = human immunodeficiency virus; PE = pulmonary embolism; 
VTE = venous thromboembolism.
a. Booth GL, et al., Lancet, 2006;368:29–36; b. Ageno W, et al., Circulation, 2008;117:93–102; c. Ye J, et al., Ann Epidemiol, 2009;19:718–23; d. Borch KH, et al., Arterioscler Thromb Vasc Biol,
2010;30:121–7; e. Cabré JJ, et al., BMC Public Health, 2008;8:251; f. Ageno W, et al., J Thromb Haemost, 2006;4:1914–8; g. Finkelstein J, et al., Int J Chron Obstruct Pulmon Dis, 2009;4:
337–49; h. Chang ER, et al., J Rheumatol, 2006;33:1780–4; i. Bernstein CN, et al., Clin Gastroenterol Hepatol, 2008;6:41–5; j. Ha C, et al., Am J Gastroenterol, 2009;104:1445–51. 
k. Miehsler W, et al. Gut, 2004;53:542; l. Grinspoon SK, et al., Circulation, 2008;118:198–210; m. Tsaras G, et al., Am J Med, 2009;122:507–12; n. Lloyd-Jones D, et al., Circulation,
2009;121(7):e46–e215; o. Silverstein MD, et al., Arch Intern Med, 1998;158:585–93.
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most abundant chemokines secreted by platelets and are the first

chemokines to be purified. Their elevated concentration and ready

availability on platelet activation are associated with their role in early

host defence. Contrary to other, similar chemokines, PF-4 does not

promote cell migration but rather firmly positions neutrophils at the

vascular endothelium. It favours release of metalloproteinases from

secondary neutrophil granules, thus predisposing to extravasation.

Furthermore, PF-4 can induce oxygen radical formation in monocytes.

Beta-thromboglobulins are in fact several proteins differing in their 

N-terminuses. They result from proteolytic processing of the precursor

platelet basic protein. One beta-thromboglobulin, neutrophil-activating

peptide 2, is a potent chemotactic for neutrophils and stimulates the

release of lysosomal and secondary granules. 

Inflammation, Coagulation, Naturally Occurring
Anticoagulants and the Endothelium
For more than two decades experimental results obtained in vitro, in

animal models and in humans have shown that inflammation favours 

a procoagulant phenotype and, reciprocally, that coagulation factors 

have pro-inflammatory activities. Physiologically, the endothelium is an 

anti-inflammatory anticoagulant surface. It exposes glycosaminoglycans

that enhance antithrombin function and it expresses thrombomodulin,

which binds thrombin and activates the protein C pathway with the 

aid of the endothelial protein C receptor. The endothelium also

synthesises the tissue factor pathway inhibitor, which binds and inhibits

the tissue factor-activated factor VII-activated factor X complex.22

Cytokines derived from activated leukocytes during inflammation

downregulate the endothelial receptors and upregulate leukocyte

adhesion molecules, while proteases from leukocytes cleave

thrombomodulin and glycosaminoglycans from the endothelial

surface.23 The net result is that the endothelium is tipped towards being

a procoagulant, pro-inflammatory surface. At the same time, cytokines

such as TNF-α and interleukin-1 (IL-1) induce tissue factor expression on

monocytes and the endothelium, favouring unopposed thrombin

formation.23 Thrombin in turn has several pro-inflammatory activities. It

induces the expression of P-selectin and the secretion of platelet-

activating factor by the endothelium. It is chemotactic for leukocytes. It

also stimulates the production of monocyte chemotactic protein-1, IL-6

and IL-8.24 The inflamed endothelium loses its barrier function so

leukocytes can extravasate in the extraluminal space. This is an initial

step that occurs in chronic inflammatory diseases of vessel walls, such

as atherosclerosis or vasculitis.25 In vasculitis, immune complexes that

bind to the endothelium and trigger an upregulation of leukocyte

adhesion molecules may be a source of arterial injury, initiating

endothelial inflammation and atherosclerosis.26

Downregulation of thrombomodulin and endothelial protein C receptor

was reported in the mucosal microvessels of patients suffering from

inflammatory bowel disease.27 It might contribute to ischaemia and

necrosis of the intestinal mucosa.27 Patients with inflammatory 

bowel disease also develop thrombosis in vessels that are far from 

the gut. They have a more than three-fold higher risk of venous

thrombosis than the control population or patients with other chronic

bowel diseases, such as coeliac disease.28 The proposed mechanism 

is that tissue-factor-carrying microparticles or cells generated by

inflammatory stimuli in the intestinal circulation eventually reach the

systemic circulation and are the trigger for thrombosis.29 

Another important effector of inflammation is tissue hypoxia. Besides

exerting a proangiogenic effect through upregulation of vascular

endothelial growth factor, hypoxia determines a complex procoagulant

response mediated by several cellular mechanisms.30 Oxidative stress,

mediated by leukocytes and bacteria, also shifts the haemostatic

balance. One specific and well-described mechanism, for example, is

the oxidation of methionine 388 in thrombomodulin. This is known to

slow the rate at which the thrombomodulin–thrombin complex

activates protein C. It has been shown to be a potential mechanism of

hypercoagulability in patients with diabetes and in those who smoke.31

Haemostasis and Immunity –
An Evolutionary Perspective
That haemostasis, inflammation and innate immunity are tightly linked

is not so surprising. These defense mechanisms have developed

together and were a single entity before vertebrates evolved. In the

horseshoe crab, an invertebrate model for the study of the evolution of

coagulation, external ‘agents’ disrupting its integrity activate a cell,

called the amebocyte, which functions as both a platelet and a

macrophage.32 The amebocyte degranulates on activation, releasing

proteins that react to form an insoluble clot. At this point it releases a

substance with antibacterial properties – a vestigial form of innate

immunity. The result is the ‘clotting out’ and destruction of the

disturbing agent.32 Vertebrates have evolved separate clotting and

inflammatory immune systems that can co-operate and interact. Most

of the inflammatory signals responsible for immune activation will also

precipitate procoagulant signals. 

Conversely, the coagulation system rapidly feeds back and upregulates

the innate immune response.33,34 Anticoagulants possess several 

anti-inflammatory properties, which have been exploited therapeutically

in settings such as severe sepsis.35–37 Their anti-inflammatory properties

are independent of their antithrombotic action, as shown in the case of

protein C by results obtained in animal sepsis models after separating

the anticoagulant from the anti-inflammatory function.38 The interaction

between inflammation, haemostasis and immunity is schematically

represented in Figure 1.

Inflammation, Ageing and Thrombosis 
In recent years it has become clear that ageing is associated with a 

low-grade persistent inflammatory response that has been termed

inflamm-ageing.39,40 Coagulation factors and pro-inflammatory cytokines
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Figure 1: Interactions Between Inflammation, 
Immunity and Haemostasis in Chronic Disease 
Leading to Thrombosis
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are increased in ageing individuals. Memory T-cell clones also 

increase and are directed toward a few epitopes of common viruses,

such as cytomegalovirus and Epstein-Barr virus.41,42 There seems to be 

a quantitative gradient in inflammation: high levels of IL-6 (a 

pro-inflammatory cytokine often used as a measure of inflammation), for

example, are associated with an increased risk of frailty in the elderly.43

In healthy centenerians this low-grade inflammatory response is

associated with anti-inflamm-ageing, i.e. with biological mechanisms

that control inflammation.39,40 The natural conclusion from these

experimental observations is that excess inflammation is a noxious

impediment to healthy ageing. It is not currently known whether 

this low-grade chronic inflammation and coagulation activation is

directly linked to the increasing incidence of thrombosis, both arterial

and venous, with age (the risk doubles for every decade after 40 

years of age).44 It is likely, however, that in ageing – as in the chronic 

diseases mentioned – persistent inflammation is a predisposing 

factor for thrombosis. It is also plausible that other intervening

precipitating factors common in the elderly population, such as

cardiovascular disease, cancer and metabolic derangement, trigger the

thrombotic events. 

Comments and Perspectives
Anti-inflammatory agents have traditionally been commonly used in

antithrombotic therapy: both aspirin and heparins possess 

anti-inflammatory activity.45,46 However, aspirin, is often used at

antiplatelet dosages that do not elicit an anti-inflammatory effect (i.e. do

not inhibit cyclo-oxygenase-2 [COX-2]).47 Added to this, the 

anti-inflammatory properties of heparin are exploited mostly in 

the acute phase of thrombosis, since patients are soon placed on oral

anticoagulants. Anti-inflammatory drugs, in association with

antithrombotics, have the potential to interrupt the complex interactions

shown in Figure 1. Moreover, as mechanisms linking inflammation,

coagulation and immunity are unravelled, new therapeutic targets are

emerging. Little is known about the complex pro-inflammatory/anti-

inflammatory balances that exist in chronic inflammation. The

importance of an individual’s genetic background in terms of

inflammatory and immune responses is just now beginning to be

appreciated. Research in this area is moving forward fast. It is also

focusing on the important role of neutrophils in thrombotic events,

especially in the arteries. New therapeutic strategies will hopefully be

born from the results of this exciting ongoing research. n
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