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In clinical practice pulmonologists have 
suspected that pulmonary embolisms 
occur more often in patients with asthma. 
To confi rm this suspicion, a study was 
initiated to investigate the incidence 
of venous thromboembolic events 
in patients with asthma compared to 
the general population. In addition, 
this study aimed to determine if any 
relationship between asthma and 
venous thromboembolic events could 
be attributed to asthma severity, 
viral infections or the use of asthma 
medication. The activation of coagulation 
in asthma was further explored in patients 
and healthy subjects in an attempt to 
understand the relationship between 
asthma and pulmonary embolisms.

Results from these studies show 
that pulmonary embolisms do indeed 
occur more frequently in patients 
with asthma as a consequence of 
an enhanced procoagulant state. 
Moreover, this procoagulant state is 
augmented by severe forms of asthma, 
viral infections (often the cause of an 
asthma exacerbation) and by the use 
of oral corticosteroids (central to the 
treatment of asthma exacerbations and 
patients with severe asthma). 

These fi ndings are important, as 
they should make pulmonologists 
and general physicians aware of the 
procoagulant changes that occur in 
patients with asthma. These results can 
also be extrapolated to patients with 
other infl ammatory diseases requiring 
corticosteroid treatment making the 
results relevant to all physicians treating 
patients with oral corticosteroids.
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Asthma

Asthma is a chronic inflammatory disorder of the airways associated with airway 

hyperresponsiveness that leads to recurrent episodes of wheezing, chest tightness 

and coughing1. Airway inflammation in asthma can be induced by environmental 

agents, including inhaled allergens, occupational agents and viruses in genetically 

predisposed individuals. The estimated prevalence of asthma is between 1-18% 

worldwide depending on the region. In The Netherlands, the total number of 

asthmatic patients has been estimated to be 578.000 in the year 2011, a prevalence 

of around 34 per 1000 inhabitants2. Although asthma can be well controlled with 

inhalational corticosteroid (ICS) treatment in most patients, there is still a subset of 

patients with severe asthma requiring chronic oral corticosteroids for control of their 

disease. The prevalence of severe refractory asthma, defined as asthma that remains 

uncontrolled despite treatment with high doses of inhaled corticosteroids and 

longacting β2-agonists, is ≈3.6% of the total asthma population in The Netherlands3.

Pathophysiology of asthma

Inflammation of the airways is a consistent and characteristic feature of asthma that 

is strongly associated with airway hyperresponsiveness and asthma symptoms1. It 

involves several inflammatory cells and multiple mediators resulting in characteristic 

pathophysiological changes4. The characteristic pattern of inflammation in asthma 

involves activated mast cells, increased numbers of activated eosinophils and 

increased numbers of natural killer and T-helper cells, which release mediators and 

contribute to symptoms. Structural cells of the airways, including epithelial cells, 

smooth muscle cells, endothelial cells, fibroblasts and myofibroblasts, also produce 

inflammatory mediators and contribute to the persistence of inflammation in various 

ways1,4. Induced sputum has been a particularly valuable research tool for examining 

airway inflammation in asthma5. Normal sputum barely contains eosinophils, but 

in untreated patients with symptomatic asthma increased eosinophil counts are 

typical. In patients with severe asthma, sputum eosinophils may even persist despite 

treatment with high doses of inhaled or oral corticosteroids. These patients with 

persistent airway eosinophilia are particularly at risk of frequent severe asthma 

exacerbations6 and accelerated decline in lung function7.
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Inflammation and coagulation

Infl ammation and coagulation are not just interdependent but highly integrated 

systems8,9. Infl ammation often leads to activation of coagulation. Infl ammation 

has evolved to remove pathogens, harmful cells and materials from the body. But 

infl ammation comes at the cost of local tissue injury. Tissue injury results among 

others in endothelial damage with plasma leakage in the extracellular tissue as a 

consequence. Upon endothelial damage tissue factor (TF) is released and initiates 

together with factor VII the extrinsic coagulation cascade (Figure 1). As a result of 

activation of hemostasis, blood clots are formed by fi brin and activated platelets. 

These blood clots prevent blood loss from the tissue-damaged areas.

Hemostasis has another role beside the prevention of blood loss. It also prevents 

spreading of pathogens to other tissues10. In the formation of blood clots neutrophils 

and monocytes are entrapped. These neutrophils and monocytes are recruited 

to these clot formations by signals depending on the trigger and subsequently 

activated. Neutrophils are activated to form neutrophil endothelial traps (NETs).

NETs are comprised of a matrix of DNA and histones catapulted out of neutrophils 

upon activation by for example pathogen-associated molecular patterns10. NETs 
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Figure 1.
Extrinsic coagulation cascade and fibrinolytic system
F:factor, FDP: fibrin degradable products, PAI-1: Plasminogen activator inhibitor type 1, TF: 
Tissue factor, TFPI: Tissue factor pathway inhibitor, tPA: tissue type Plasminogen activator, uPA: 
urokinase type Plasminogen activator.



13

not only kill the pathogens inside the blood clots, they also activate the intrinsic 

pathway by activating factor XII. Furthermore, NETs bind to von Willebrand factor 

and thereby activate platelets through the released histones. Finally, NETs inactivate 

anticoagulant proteins like tissue factor pathway inhibitor and thrombomodulin by 

the release of enzymes like elastase and myeloperoxidase10. This suggests that 

coagulation plays an important role in the host defence against invading pathogens.

The close interaction between coagulation and inflammation implies that these 

systems need to be well controlled as a disbalance in one of the two systems may 

have an effect on the other system.

Therefore the hemostatic balance is maintained by the fibrinolytic system and the 

natural anticoagulants, such as antithrombin, tissue factor pathway inhibitor, and 

the protein C system. The inflammatory balance is maintained by pro- and anti-

inflammatory cytokines. If these control mechanisms fail, complications may occur. 

For example, a failure in coagulation may lead to lethal disseminated infections11 and 

autoimmune inflammatory diseases may lead to activation of coagulation resulting in 

venous thrombosis12,13. Interference in one of the two systems may have an effect on 

the other system. The anticoagulant dabigatran, a direct thrombin inhibitor, reduces 

fibrotic changes in mice with an interstitial lung disease 14, whereas corticosteroid 

treatment may induce venous thrombosis.

Corticosteroids and coagulation

As early as the 1950s adrenocorticotropic hormone and corticosteroids were 

thought to be associated with activation of the hemostatic system15,16. Several studies 

suggested that corticosteroids are procoagulant. In patients with Cushing’s disease 

or in patients on maintenance corticosteroid therapy, coagulation is activated, 

leading to a modest prothrombotic effect17. The effect of glucocorticosteroids on 

pro-, anticoagulant and fibrinolytic factors may diverge, depending on the situation 

in which they are prescribed (in healthy subjects or patients with active disease)18. 

In patients with a renal transplant for instance, long-term oral corticosteroid 

treatment leads to a procoagulant state by an increase in PAI-1. After discontinuation 

of corticosteroid treatment, PAI-1 levels dropped dramatically19. However, in a 

prospective study in healthy individuals, oral dexamethasone 3 mg twice daily for 

5 days modestly increased clotting factors VII, VIII and IX, without affecting PAI-1, 

D-dimer or soluble CD-40 ligand20. In this study, thrombin-antithrombin complexes 

(TATc) and prothrombin fragment 1+2 were not measured.
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Asthma and coagulation

Hemostasis may also be activated in asthma, probably as a result of inflammation21-24. 

In induced sputum, Thrombin, TF and TATc levels are increased in asthmatic mice 

and humans23,25,26. Thrombin and TF are correlated with eosinophil count and 

with eosinophilic cationic protein in induced sputum23,25. Thrombin and TATc are 

also correlated with airway hypersensitivity in patients with asthma25. In a murine 

asthma model activated protein C (APC) is reduced and supplementation of APC 

is shown to reduce the immunologic and inflammatory Th-2 response26. None of 

these studies examined if the activation of coagulation results in clinical symptoms. 

The clinical consequence of hemostatic activation may be an increased risk of 

pulmonary embolism, especially when exacerbations of asthma occur. Asthma 

disease exacerbations are caused among others by allergens, viral infections (like 

rhinovirus or RS-virus) or compliance to inhaled and/or oral corticosteroid therapy. 

The effect of allergen induced asthma exacerbations on coagulation has previously 

been studied, and showed an increased in procoagulant markers in bronchoalveolar 

fluid22. Whether more specific disease exacerbations in asthma (like rhinovirus and 

compliance to therapy) also induce a procoagulant response is unknown.

Scope of the thesis

Hemostasis is activated in the airways of patients with asthma after an allergic 

challenge. It is unknown if local activation of coagulation in the airways due to 

respiratory viral infections, such as the common rhinovirus, leads to activation of 

coagulation, and whether this activation may induce venous thromboembolism. 

Second, corticosteroid therapy may also be procoagulant, but this effect has 

not been thoroughly studied, nor has the potential association with the risk of 

thrombosis.

If asthma exacerbations or its treatment increase the risk of venous 

thromboembolism, thromboprophylactic treatment may be important in these 

circumstances. However, anticoagulant treatment increases the risk of bleeding, so 

as a first step, a better insight in the clinical and pathophysiological effects of viral 

infections and corticosteroid treatment in patients with asthma are mandatory.
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Aims of the thesis

The aims of this thesis are:

1. To investigate the interaction between asthma and coagulation in general, on 

disease severity and clinical implication as specified by the occurrence of venous 

thromboembolism.

2. To investigate the interaction between corticosteroid treatment and coagulation 

in patients with asthma and healthy controls and the clinical implication specified 

by the occurrence of pulmonary embolism in patients using oral corticosteroids.

3. To investigate the effect of rhinovirus infection on coagulation in patients with 

asthma and healthy controls.

Outline of the thesis

In Part I of this thesis the interaction between coagulation and asthma is being 

presented in three chapters. The current knowledge on the subject of asthma 

and coagulation is discussed in a narrative review presented in chapter 2. The 

association between asthma and pulmonary embolism and venous thrombosis, 

investigated in a cohort of 648 patients collected in three Dutch asthma clinics, 

is described in chapter 3. In chapter 4, we investigated the influence of asthma 

severity on coagulation in 93 patients with asthma and 33 healthy control subjects in 

a cross-sectional analysis.

Oral corticosteroids are the mainstay of treatment of asthma exacerbations and 

the maintenance treatment in patients with severe asthma. Therefore, Part II of this 

thesis describes the role of oral corticosteroids on coagulation. In chapter 5, the 

association between type and duration of corticosteroid therapy, and the incidence 

of a first pulmonary embolism is investigated using the PHARMO database cohort. In 

chapters 6 and 7, the effect of a 10-day 0.5mg/kg/day oral prednisolone course on 

coagulation is investigated in a double blind randomised placebo-controlled study in 

patients with asthma of different severity and healthy subjects.

Finally in Part III we investigated the effect of asthma exacerbation on coagulation 

in an in vivo human rhinovirus model in patients with mild asthma and healthy control 

subjects (chapter 8).

To conclude, in chapter 9 the results of this thesis are summarized, discussed and 

implications for future research are suggested.
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Abstract

Asthma is a chronic airway disease characterized by paroxysmal airflow obstruction 

evoked by irritative stimuli on a background of allergic lung inflammation. Currently, 

there is no cure for asthma, only symptomatic treatment. In recent years our 

understanding of the involvement of coagulation and anticoagulant pathways, the 

fibrinolytic system and platelets in the pathophysiology of asthma has increased 

considerably. Asthma is associated with a procoagulant state in the bronchoalveolar 

space, further aggravated by impaired local activities of the anticoagulant protein C 

system and fibrinolysis. Protease activated receptors have been implicated as the 

molecular link between coagulation and allergic inflammation in asthma. This review 

summarizes current knowledge of the impact of the disturbed hemostatic balance in 

the lungs on asthma severity and manifestations, and identifies new possible targets 

for asthma treatment.
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Introduction

Asthma is a disease of chronic airway inflammation causing symptoms of paroxysmal 

airflow obstruction, airway hyperresponsiveness to irritative stimuli, wheezing, chest 

tightness and coughing.1 These symptoms occur against a background of allergic 

inflammation, characterized by infiltration of mast cells, eosinophils and T-helper 2 

(Th2) lymphocytes into the airway wall and mucus hypersecretion. Many patients with 

chronic asthma show progressive decline of lung function that is thought to be due 

to structural remodelling of the airway wall2 and suffer from frequent exacerbations 

and steroid resistance3 posing a major clinical challenge and health problem.4 

New therapeutic approaches need to be developed targeting the inflammatory 

background that triggers asthma symptoms.5

Historically, coagulation and fibrinolysis have been considered as processes 

that take place in the vascular compartment. It is now appreciated that the airways 

represent a body compartment in which coagulation and anticoagulant mechanisms 

can be initiated and regulated locally.6 In addition to the activation of coagulation 

in lung inflammatory disorders that likely is induced by leakage of plasma proteins 

into the bronchoalveolar space, essential mediators of coagulation can be found 

Figure 1.
Interaction between coagulation and allergic inflammation in asthma. Coagulation is activated in the 
airways of patients with asthma by leak of clotting factors and tissue factor expressed on various 
cell types, including alveolar epithelium, macrophages and eosinophils. Fibrin deposition is further 
facilitated by decreased activity of the anticoagulant protein C system and inhibition of fibrinolysis by 
enhanced production of plasminogen activator inhibitor type I (PAI-1). Allergens are responsible for 
an inflammatory response in the lungs, which is aggravated by proinflammatory effects of platelets 
and decreased cytoprotective effects of the protein C system. Protease activated receptors play 
an important role as the molecular link between coagulation and inflammation; these receptors are 
activated by proteases expressed by either allergens or factors involved the regulation of coagulation.
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locally in the lung including tissue factor (TF) that initiates coagulation and thrombin 

which transforms fibrinogen to fibrin.7 Several diseases associated with abundant 

lung inflammation, including acute respiratory distress syndrome, pneumonia and 

lung fibrosis6,8 have been shown to result in similar changes in bronchoalveolar 

levels of proteins implicated in coagulation and fibrinolysis, tipping the physiologic 

equilibrium of preventing fibrin clot formation towards a net procoagulant state. 

In particular for asthma this disturbed hemostatic balance in the airways is of 

importance for the perpetuation of allergic inflammation (figure 1) in which cytokines 

and protease activated receptors (PARs) play an important role. In addition, platelets 

have been found to actively participate in many manifestations of asthma. This 

review Summarizes current knowledge of the role of coagulation and anticoagulant 

pathways in the pathophysiology of asthma.

Activation of coagulation in patients with asthma

Fibrin is the end-product of coagulation and is generated after cleavage of fibrinogen 

by thrombin.7 Although fibrin is typically formed at sites of vascular injury, it can also 

be generated in the pulmonary compartment, wherein fibrin production is necessary 

for normal airway epithelial repair after epithelial damage.9 Severe asthma can 

be associated with exaggerated intra-alveolar fibrin production, as demonstrated 

by massive fibrin depositions in the alveoli and distal airways of an asthma 

patient who died from a severe asthma attack that did not respond to treatment.10 

Elevated concentrations of thrombin and thrombin-antithrombin complexes have 

been detected in sputum of patients with asthma11,12 as well as in bronchoalveolar 

lavage (BAL) fluid after allergen challenge,13,14 further supporting the existence of 

local coagulation activation in asthma. Thrombin activity in BAL fluid induced by 

segmental allergen provocation correlated with the degree of airway inflammation.14 

Mast cells have been implicated as regulators of fibrin metabolism in asthma: upon 

allergen challenge mast cells release tryptase which can cleave the α and β chain 

of fibrinogen thereby removing the thrombin cleavage site and inhibiting fibrin 

generation by thrombin.15 Mast cells are also essential for the release of cytokines, 

heparin and histamine, which may induce plasma leakage. The relevance of mast 

cells for lung coagulation in vivo warrants further research.

TF is considered the main initiator of coagulation. TF is a 47 kDa transmembrane 

glycoprotein that binds and activates clotting factor (F) VII, generating FVIIa. Blood 

is not exposed to active TF under physiologic conditions. TF becomes exposed 

on the surface of mononuclear, epithelial and endothelial cells upon stimulation by 

bacterial and/or environmental products like lipopolysaccharide or proinflammatory 



23

cytokines or is activated from the circulating microvesicular form during inflammatory 

conditions. Alternatively, TF located at extravascular sites can become exposed to 

blood at sites of endothelial disruption. In the lung, alveolar epithelium exposes high 

TF levels, preventing bleeding of the fragile lung tissue.16 Patients with severe asthma 

demonstrated increased soluble TF levels in induced sputum compared to those with 

moderate asthma and healthy controls that was significantly and positively correlated 

with the amount of eosinophils.17 In addition, intrabronchial allergen challenge leads 

to increased soluble TF levels in BAL fluids of patients with mild asthma.14 The 

cellular source of this soluble TF and whether it is captured in microvesicles has not 

been studied thus far. Not only alveolar epithelium and macrophages may contribute 

to the pool of pulmonary TF, as eosinophils, the main inflammatory cells in asthma, 

may provide an additional source of intrapulmonary TF.18 Targeting the extracellular 

domain of TF with specific antibodies suppressed the initial phase of the eosinophil 

passage across activated endothelium in vitro. This indicates a function for TF, 

either directly or indirectly via thrombin generation, in transendothelial migration 

of eosinophils to the site of allergic inflammation.18 Of note, the expression of TF by 

eosinophils is not undisputed: other investigators could not confirm the presence of 

TF in preparations of isolated eosinophils.19 Perhaps slight differences in eosinophil 

activation states could have caused these different results. Allergens derived from 

house dust mite, especially the major house dust mite allergen Der p1, are capable 

of degrading tight junctions resulting in interruption of the airway epithelial cell lining 

and underlying endothelial cell lining, thereby facilitating contact between TF and 

plasma.20 The house dust mite allergen Der p2 functionally mimics MD-2, the direct 

LPS receptor in the MD-2 TLR-4 LPS signalling complex. This interaction may further 

contribute to inflammatory signals that might lead to increased TF expression and 

access to FVII and other plasma components following exposure to house dust 

mite antigens.21 In summary, patients with asthma show evidence of upregulation 

of pulmonary coagulation via an increase in TF activity. Although limited activation 

of coagulation can assist in epithelial repair, pulmonary coagulation resulting from 

a crosstalk between epithelial, endothelial and inflammatory cells can have a major 

impact on asthma pathophysiology, as indicated by experimental models of allergic 

inflammation discussed below.

Experimental evidence that coagulation contributes to 
asthma pathophysiology

The significance of increased coagulation activation in the lungs for the 

pathophysiology of asthma has been demonstrated in mouse studies. Exposure 
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of mice to aerosolized fibrinogen followed by thrombin (which is expected 

to result in fibrin generation) caused increased airway hyperresponsiveness; 

thrombin or aerosolized fibrinogen alone was not sufficient to increase airway 

hyperresponsiveness to metacholine.10 Together, these data clearly indicate that 

elevated fibrin concentrations in the airways can produce a lung function disorder 

characteristic for asthma.

Interventions targeting specific components of the coagulation system have 

been studied in the classic mouse model of allergic lung inflammation induced 

by ovalbumin challenge via the airways after prior sensitization (figure 2). This 

model induces a clinical syndrome that at least in part resembles allergic asthma, 

characterized by eosinophilic lung inflammation, airway hyperresponsiveness, 

increased immune globulin E (IgE) levels, mucus hypersecretion and eventually 

airway remodelling.22 Moreover, the similarity between the coagulation systems 

of mice and humans is considerable23, making the mouse an attractive animal for 

studies on asthma and coagulation. Genetically modified FVIItTA/tTA mice with a 

very low expression of FVII demonstrated reduced coagulation activation in their 

Figure 2.
Activation of bronchoalveolar coagulation in asthma with interventions examined in the murine 
ovalbumin allergic lung inflammation model. Plasma (containing clotting factors such as Factor (F)VII 
and FX) leaks from lung capillaries as a consequence of the inflammatory response. Tissue factor (TF) 
expression on epithelial cells, eosinophils and macrophages initiates intra-alveolar coagulation by 
activation of FVII (which can also be produced by epithelial cells). Interventions with the anticoagulants 
fondaparinux (FXa inhibitor) and hirudin (thrombin inhibitor) and the plasminogen activators tissue type 
plasminogen activator (tPA) and urokinase type plasminogen activator (uPA) improve the disturbed 
pulmonary hemostatic balance and concurrently diminish allergic inflammation and asthma parameters 
in experimental settings.
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lungs upon ovalbumin challenge.24 Normal wild-type mice exposed to allergen 

showed increased FVII mRNA levels in whole lung homogenates and increased 

expression of FVII protein in bronchial epithelial cells, which was virtually absent 

in FVIItTA/tTA mice. Importantly, FVIItTA/tTA mice displayed a diminished influx of 

eosinophils into BAL fluid, together with lower levels of the chemoattractant eotaxin 

and the Th2 cytokines IL-4, IL-5 and IL-13. In addition, airway hyperresponsiveness 

and mucus layer thickness were reduced in allergen challenged FVIItTA/tTA mice.24 

FVIIa itself did not induce mucin production by human respiratory epithelial cells 

in vitro; however, addition of exogenous FX resulted in FXa production in these 

cell cultures, indicating the presence of functional TF/FVIIa, as well as enhanced 

mucin production.24 Addition of FXa to respiratory epithelial cells also induced 

mucin production.25 Together these data suggest that TF/FVIIa mediated its effect 

on allergic lung inflammation at least in part indirectly, via its role in the formation 

of FXa. In accordance with this hypothesis, FXa activity was found increased in 

BAL fluid of mice challenged with ovalbumin during 16 weeks (a model of chronic 

allergic lung inflammation associated with airway remodelling), concurrent with 

elevated FX mRNA levels in whole lung homogenates and alveolar macrophages.25 

Treatment of mice with the FXa inhibitor fondaparinux during the last 3 weeks of 

allergen challenges resulted in attenuation of airway hyperresponsiveness without 

altering infiltration of inflammatory cells into the lung and decreased the thickness 

of the mucosal layer and lung collagen deposition.25 The results of these studies 

introduce a novel participant in the asthmatic response, indicating that coagulation 

plays an important role in experimentally induced allergic lung inflammation and that 

FXa/thrombin functions in airway remodelling by stimulating mucin and collagen 

deposition.

Thrombin has been implicated in asthma pathophysiology by both in vivo and 

in vitro studies. Administration of the thrombin inhibitor PEG-Hirudin decreased 

airway hyperresponsiveness to methacholine of mice with acute allergic lung 

inflammation.10 Thrombin can mediate proinflammatory effects on a cellular level via 

cleavage of protease activated receptor 1 (PAR1) (Reviewed in Reed CE26). Thrombin 

stimulated mucin secretion by primary human bronchial epithelial cells; this effect 

could be mimicked by specific stimulation of PAR1.27 In accordance with these in vitro 

observations, intranasally instilled thrombin induced secretion of mucosubstance 

in nasal epithelium of rats, mediated by PAR1.27 Relevant for asthma, thrombin-PAR1 

stimulation causes smooth muscle cell proliferation in vitro by stimulating platelet-

derived-growth factor production28 and can induce connective tissue growth factor 

in fibroblasts28, which is considered to contribute to development of fibrosis. In 

accordance, incubation of BAL fluid harvested from patients with atopic asthma 

challenged with allergen in a lung segment induced proliferation of fibroblasts in 
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vitro, which could be inhibited by hirudin.29 In addition, thrombin can increase the 

bronchial tone in human bronchial rings.30

In summary, coagulation proteins, predominantly FXa and thrombin, can contribute 

to allergic inflammation by downstream production of fibrin or by effects outside their 

role in hemostasis. Good examples of the latter are the increase of mucin production 

caused by FXa and the activation of PAR1 on endothelial and epithelial cells by 

thrombin. Administration of coagulation factors can reproduce pathophysiologic 

alterations characteristic of asthma in animals in vivo and in relevant in vitro systems; 

conversely, inhibition of coagulation attenuates functional, immunological and 

morphological features of allergic lung inflammation in mice elicited by ovalbumin 

sensitization and challenge.

Anticoagulant pathways: the Protein C (PC) system in 
asthma

The PC anticoagulant system has been implicated in asthma pathophysiology.31 This 

pathway is initiated when thrombin binds to thrombomodulin on the cell surface, 

forming the thrombomodulin/thrombin complex that converts PC to Activated 

PC (APC). Thrombomodulin/thrombin dependent activation of PC is augmented 

by the endothelial PC receptor (EPCR). The biological effects of APC can be 

divided in anticoagulant and cytoprotective effects31, which include alteration in 

gene expression, anti-inflammatory and anti-apoptotic effects, and protection of 

endothelial and epithelial barrier functions; these latter effects are dependent on 

EPCR and mediated by PAR1. The administration of recombinant APC has been 

found to exert beneficial effects in various preclinical models of inflammatory 

diseases, including sepsis, acute lung injury, stroke, ischemia/reperfusion injury 

and wound healing; both the anticoagulant and the cytoprotective pathways have 

been implicated herein.31 Patients with asthma show evidence of an impaired 

function of the PC system within their lungs. In patients with mild allergic asthma 

bronchoalveolar levels of APC decreased 4 hours after a bronchial allergen 

challenge and were significantly lower than healthy controls.14 In addition, APC/

thrombin and APC/PC ratios were decreased in induced sputum of patients with 

asthma, pointing to an imbalance between coagulation and the PC system.32 For the 

understanding of the involvement of the PC pathway in asthma pathophysiology it 

is important to note that essential components of the PC pathway, in particular PC, 

thrombomodulin, EPCR and PAR1, are all expressed by the respiratory epithelium32-34 

and that as a consequence thereof respiratory epithelial cells can produce APC in 

the presence of thrombin.32 Conceivably, the reduced function of the PC pathway 
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in asthma in part is caused by downregulation of PC and EPCR: bronchial epithelial 

cells exposed to eotaxin or RANTES (Regulated upon Activation, Normal T-cell 

Expressed, and Secreted; CCL5) in vitro displayed a reduced expression of PC 

and EPCR mRNA.32 Similar to patients with asthma, sensitized mice challenged 

with ovalbumin displayed reduced APC/thrombin ratios in BAL fluid.35 Importantly, 

inhalation of recombinant APC before exposure to aerosolized ovalbumin strongly 

attenuated allergic inflammation as reflected by a reduced influx of eosinophils 

and lower levels of the Th2 cytokines IL-4, IL-5 and IL-13 in BAL fluid; moreover, 

APC treated mice had lower bronchoalveolar levels of IgE and diminished airway 

hyperresponsiveness.35 The inhibitory effect of APC on eosinophil influx could be 

reversed by an anti-EPCR antibody, but not by a PAR1 antagonist, indicating that 

APC exerts this effect via an EPCR dependent but PAR1 independent mechanism.35 

These in vivo findings are corroborated by in vitro studies showing inhibitory effects 

of APC and PC on eosinophil36 and lymphocyte37 migration toward chemoattractants; 

the effects on both cell types could be prevented by an EPCR antibody; these data 

suggest that cell migration may in part depend on the APC/thrombin balance.

Overall these data indicate that a reduced function of the PC system may 

contribute to the perpetuation of inflammation in allergic asthma and that restoration 

of this function, for example by the administration of recombinant APC, may be 

of benefit to patients with asthma. Knowledge on how APC acts on inflammation 

has dramatically increased over the past few years, in particular in the field of 

systemic inflammatory syndromes such as sepsis and endotoxemia. In systemic 

inflammation models recombinant APC protects against mortality by effects that can 

be mediated by either EPCR – PAR1 dependent (endothelial cells, dendritic cells) or 

CD11b/CD18 – PAR1 dependent (macrophages) mechanisms.38,39 Importantly, these 

protective APC effects do not rely on the anticoagulant properties of this protein: 

APC mutants lacking anticoagulant properties but with retained capacity to activate 

PAR1 are still able to protect mice from endotoxin or sepsis induced death.40 As such, 

these non-anticoagulant APC mutants are promising new anti-inflammatory drugs, 

especially since they do not carry the risk of bleeding complications. At present, 

however, no data are available on the activity of these APC mutants in asthma 

models. In addition, for asthma it remains to be established via which cell type APC 

may exert anti-inflammatory effects. Of note, a very recent study has indicated that 

indeed a cytoprotective-selective APC mutant that lacks most of APC’s anticoagulant 

activity has a similar capacity as wild-type APC to attenuate the development of 

pulmonary edema and to decrease mortality in mice with Pseudomonas pneumonia, 

suggesting that non-anticoagulant APC mutants are active in the lungs.41 Of note, 

recombinant human APC (Xigris™), which was registered for the use in patients with 

severe sepsis, was recently withdrawn from the market after the “PROWESS-SHOCK” 



28

trial in patients with septic shock showed no clinical benefit (or harm) in subjects who 

had received APC (European Medicines Agency, press release October 25, 2011).

Recent investigations have implicated thrombomodulin in the pathogenesis of 

asthma (figure 3). Although extensively characterized as the receptor expressed 

by the vascular endothelium that is essential for APC generation after binding 

thrombin, it has now become clear that thrombomodulin expressed by dendritic cells 

is involved in allergic asthma. Thrombomodulin positive dendritic cells were more 

prevalent in peripheral blood of patients with allergy and asthma than in subjects 

without asthma42,43; the percentage of thrombomodulin-positive dendritic cells 

correlated with the extent of airflow limitation as determined by the percent forced 

expiratory volume in one second.44 Exposure of peripheral blood dendritic cells to 

house dust mite resulted in higher thrombomodulin expression in atopic than in 

non-atopic subjects.43 Additionally, segmental allergen challenge in patients with 

mild allergic asthma increased soluble thrombomodulin levels and thrombomodulin 

expression on dendritic cells in BAL fluid.14,45 Moreover, patients with asthma showed 

increased soluble thrombomodulin levels in induced sputum.32 The presence of 

soluble thrombomodulin in the airways, of which the cellular source remains to be 

established, may serve to inhibit local inflammation during asthma, i.e. although 

these observational data suggest a detrimental role for thrombomodulin in asthma, 

mouse studies indicate that thrombomodulin likely plays a protective role in the 

allergic inflammation accompanying ovalbumin sensitization and challenge.44 

Indeed, inhalation of recombinant soluble thrombomodulin reduced the levels of IgE 

and Th2 cytokines as well as eosinophil numbers in BAL fluid of challenged mice. 

Thrombomodulin appeared to impact on dendritic cell function; adoptive transfer of 

thrombomodulin treated dendritic cells reduced the severity of experimental asthma 

as measured by lung function and the extent of allergic inflammation. In addition, 

Figure 3.
Association between thrombomodulin (TM) expression on dendritic cells (DC) and soluble TM, and 
human and experimental asthma.
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mice that were adoptively transferred with thrombomodulin-negative dendritic cells 

had more disease than those transferred with unsorted dendritic cells; conversely, 

animals adoptively transferred with thrombomodulin-positive dendritic cells were 

less responsive to ovalbumin. The lectin domain of thrombomodulin was responsible 

for the interaction with dendritic cells: wild-type mice treated with ovalbumin-pulsed 

dendritic cells deficient for the lectin domain of thrombomodulin showed more 

disease than wild-type mice treated with ovalbumin-pulsed dendritic cells from 

wild-type mice.44 Together, these mouse investigations identify thrombomodulin 

as a potential protective receptor in asthma by an effect that is unrelated to its 

anticoagulant properties; if these data can be confirmed in humans, the reported 

increases in the number of thrombomodulin-positive dendritic cells in patients with 

asthma would imply a compensatory rather than an asthma triggering response.42-44

Protease activated receptors (PARs): the role of PAR2 in 
asthma

PARs belong to a family of G protein-coupled receptors that can be activated by 

serine proteases via proteolytic cleavage.46 PARs carry their own ligand which 

remains hidden until unmasked by proteolytic cleavage. The PAR family consists 

of four members, PAR1 to PAR4; each subtype displays a unique activation site 

which is recognized by specific proteases. All PARs have been detected in lungs, in 

particular in epithelium and airway smooth muscle.46 PAR1 and PAR2 have also been 

found on endothelium, macrophages and migratory cells such as mast cells and 

neutrophils. PAR1 can be activated by thrombin and APC and thereby play a role in 

asthma (see above). PAR2 has been implicated more directly in the pathophysiology 

of asthma (figure 4). PAR2 can be activated by coagulation factors FVIIa and FXa, 

thereby providing a direct link between coagulation and inflammation. Notably, also 

other proteases can cleave and activate PAR2, both derived from the host (mast cell 

tryptase, trypsin, proteinase 3, elastase and granzyme A) and from allergens (Der p1, 

p3 and p9 from house dust mite47, Alternaria alternata48 and cockroach extract49).

Increased expression of PAR2 is reported in bronchial epithelium of patients with 

asthma.50 Sensitized PAR2 deficient mice demonstrated a markedly diminished 

influx of eosinophils in BAL fluid after ovalbumin challenge; conversely, in transgenic 

mice overexpressing PAR2, eosinophil recruitment was higher.51 The effects in 

both PAR2 deficient and PAR2 overexpressing mice were apparent at 24 hours 

after ovalbumin challenge but not at later time points or after multiple ovalbumin 

challenges, indicating an involvement of PAR2 especially in the acute response 

to allergen exposure. In addition, deletion of PAR2 tended to diminish ovalbumin-
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induced airway hyperresponsiveness, whereas overexpression of PAR2 exacerbated 

this response.51 In accordance, PAR2 activation in the airways lead to allergic 

sensitization to concurrently inhaled antigens52 and to exaggerated allergen-induced 

airway inflammation and airway hyperresponsiveness in sensitized mice.53 The 

concept that proteases expressed by allergens can activate PAR2 and thereby 

Figure 4.
The role of protease activated receptor 2 (PAR2) in allergic lung inflammation. Different sources of 
PAR2 activating proteases (both host derived and allergen derived) in allergic lung inflammation cause 
PAR2 activation on eosinophils, airway epithelial cells and airway smooth muscle. PAR2 has been 
implicated as the molecular link between these proteases (including FXa and FVIIa) and allergic lung 
inflammation.
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facilitate inflammation, was recently supported by studies in which cockroach extract 

(which does express PAR2 activating protease activity) was used as challenging 

antigen; these investigations indeed revealed that allergic sensitization to cockroach 

extract and the resultant allergic airway inflammation depended on the ability of 

the extract to activate PAR2.54 Notably, most reports on PAR2 function focused on 

epithelial cells; relevant for allergic asthma, however, mast cells and eosinophils also 

express PAR2 and activation thereof results in histamine release, and degranulation 

and cytokine release respectively.46 The contribution of different cell types in PAR2 

mediated allergic inflammation in vivo warrants further research.

Together, these data indicate that activation of PAR2 may facilitate airway 

inflammation and airway hyperresponsiveness in allergic asthma. Different proteases 

implicated in asthma are able to cleave PAR2, including mast cell tryptase and 

proteases expressed by allergens (house dust mite, cockroach and Alternaria 

alternata). Asthma is associated with generation of the coagulation proteases FVIIa 

and FXa (see above) but it is currently unknown what their contribution is to PAR2 

mediated responses during allergic inflammation.

Platelets and asthma

Platelets are enucleated fragments of their megakaryocyte-precursors and form 

the cellular components of a blood clot. Clinical evidence for a role of platelets in 

asthma is derived from studies demonstrating increased activation of platelets in 

patients with atopic asthma.55,56 In addition, increased circulating platelet-leukocytes 

aggregates have been detected in patients with asthma attacks and following 

allergen challenge.57,58 Similarly, allergen challenged mice showed platelet-leukocyte 

complexes in their circulation.59 Importantly, platelets expressing P-selectin on their 

surface are required for the influx of eosinophils into the lungs of mice with allergic 

inflammation, as indicated by experiments with platelet depleted mice transfused 

with either wild-type platelets (which restored eosinophil recruitment) or P-selectin-

deficient platelets (which failed to do so).60 In accordance, P-selectin deficient mice 

exhibited diminished leukocyte infiltration upon challenge with cockroach allergen.61 

Furthermore, in an in vitro flow model more eosinophils from patients with asthma 

adhered to activated endothelium than eosinophils from healthy controls, a process 

that was dependent on platelets and P-selectin.62 Platelets have also been shown 

to contribute to chronic consequences of asthma: airway wall remodelling failed 

to occur in allergen-sensitized mice depleted of platelets.63 Platelets have been 

detected in BAL fluid of allergen-challenged mice63 and extravascularly in bronchial 

tissue and in the intra-alveolar space in patients with asthma64, indicating diapedesis 
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of platelets in areas of allergic inflammation and suggesting that platelets can 

contribute to lung inflammation via mechanisms that are independent of leukocytes. 

This latter hypothesis is supported by recent studies revealing that platelets of 

allergen-sensitized mice can undergo chemotaxis in response to the sensitizing 

allergen in vivo and in vitro.65 Notably, in ovalbumin-sensitized and challenged mice 

platelets migrated out of blood vessels into lung tissue directly underneath the 

airways; platelet influx preceded the influx of leukocytes and many platelets were not 

adjacent to leukocytes.65 Direct activation of platelets via IgE receptors was required 

for allergen-induced platelet migration, considering that platelets deficient in the 

FcRγ chain (and thus deficient for IgE receptors) transfused into wild-type mice were 

unable to migrate into lung parenchyma. Murine platelets indeed possess the high 

affinity receptor for IgE (FcεRI), which was upregulated upon allergen sensitization 

and challenge.66 These findings are further corroborated by the expression of both 

high- and low-affinity receptors for IgE on human platelets66,67 and the observation 

that a larger proportion of platelets from patients with allergic asthma express IgE 

binding sites on their surface, when compared with healthy controls.66 In vitro, 

platelets isolated from allergen-sensitized mice migrated toward either sensitizing 

antigen or an anti-IgE antibody, a chemotactic response that required FcεRI 

expression.65 Similarly, platelets harvested from patients with asthma (but not from 

non-allergic control subjects) migrated toward the specific sensitizing antigen and 

toward an anti-IgE antibody in vitro.65

Platelets possess preformed granules filled with proinflammatory and procoagulant 

mediators, some of which have been linked to bronchoconstriction, including 

thromboxanes, histamine, serotonin and platelet activating factor (PAF). PAF is a 

lipid derivative of phosphorylcholine released from platelets, mast cells and IgE-

sensitized basophils that bridges inflammatory and coagulation processes. Several 

reports point to a role for PAF in bronchoconstriction: injection of PAF into guinea 

pigs produced bronchoconstriction68; inhalation of PAF caused a dose-related 

bronchoconstriction and a prolonged increase in airway hyperresponsiveness in 

healthy subjects69; and antigen-induced airway hyperresponsiveness could be 

inhibited by an antagonist of PAF in guinea pigs.70 Approximately 5% of the Japanese 

population has a loss of function mutation in PAF acetylhydrolase that results in 

excess PAF and prolonged generation of PAF. The homozygous genotype was found 

more frequently in children with atopic asthma than in their parents or controls.71 

The prevalence of PAF acetylhydrolase deficiency is higher in asthmatics compared 

with healthy subjects.72 These reports suggest a functional relationship of PAF in the 

pathophysiology of asthma. The potential role of platelets in lung function disorders 

accompanying asthma is further supported by findings that bronchoconstriction 

induced by either intratracheal instillation of lipopolysaccharide73 or intravenous 
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injection of thrombin74 required the presence of functionally intact platelets in the 

circulation. In accordance, platelet depletion resulted in a significant inhibition of 

allergen-induced airway hyperresponsiveness to inhaled histamine in rabbits75, and 

P-selectin deficient mice demonstrated lower levels of airway hyperresponsiveness 

than wild-type mice61 with cockroach allergen induced lung inflammation. Moreover, 

intravenous administration of platelet agonists induced bronchospasms and an 

accumulation of platelets in the lungs of experimental animals.76,77

Together these data identify platelets as important players in the development 

of allergic inflammation and in the recruitment of eosinophils. Modulation of 

platelet function seems an attractive new approach in asthma that warrants further 

investigation.

Fibrinolysis in asthma

Fibrinolysis is the process of fibrin cleavage by plasmin into fibrin degradation 

products, which is essential for the resolution of blood clots. Plasmin is formed 

from plasminogen by tissue type plasminogen activator (tPA) or urokinase type 

plasminogen activator (uPA). Plasminogen activator inhibitor type I (PAI-1) is the 

main inhibitor of both tPA and uPA. Many different cell types present in the lung can 

produce tPA, uPA and PAI-1, including endothelial cells, macrophages, fibroblasts, 

mast cells and bronchial epithelial cells.6,8 Asthma is associated with inhibition of 

fibrinolysis in the airways, primarily due to enhanced production of PAI-1.78 PAI-1 

levels were increased in sputum of patients with asthma17,79 and in BAL fluid of 

rodents sensitized and challenged with ovalbumin10,80,81, which was accompanied 

by decreased plasminogen activator activity.10 Administration of uPA improved 

various features characteristic for asthma, including airway hyperresponsiveness 

and subepithelial fibrosis in the lungs of mice exposed to ovalbumin82; similarly, 

inhalation of aerosolized tPA reduced airway hyperresponsiveness in this model.10 

Mast cells likely are an important source for PAI-1 in the asthmatic lung: lung tissue 

of patients with asthma and rats challenged with ovalbumin showed high numbers of 

PAI-1 positive mast cells.81,83 In addition, transcription of PAI-1 was highly upregulated 

in human mast cells stimulated with IgE in vitro84 and mast cell deficient mice had 

approximately 50% less PAI-1 in their airways when compared with normal mice after 

ovalbumin challenge in vivo.78

PAI-1 has been implicated as a mediator of the allergic immune response: in 

a murine allergic rhinitis model PAI-1 deficient mice showed a suppressed Th2 

response and fewer symptoms.85 In addition, PAI-1 deficient mice displayed a reduced 

airway hyperresponsiveness in the ovalbumin induced allergic lung inflammation 
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model.82 In a model of chronic asthma produced by exposure to aerosolized 

ovalbumin during four weeks, PAI-1 deficiency did not influence peribronchial 

eosinophilic infiltration, goblet cell hyperplasia or ovalbumin-specific IgE levels.80 

PAI-1 deficient mice did show reduced collagen and fibrin deposition and enhanced 

matrix metalloproteinase-9 activity, indicating that the plasmin system regulates 

extracellular matrix deposition in the airways independently of the effect of PAI-1 

on inflammatory cell recruitment.80,82 Epidemiologic studies support the importance 

of PAI-1 for the pathophysiology of asthma: a 4G/5G polymorphism in the promoter 

region of PAI-1 has been linked to the risk and severity of asthma.86 The 4G/5G 

polymorphism regulates the extent of PAI-1 release upon exposure to allergen: 

a challenge with house dust mite caused an increase in plasma PAI-1 levels in all 

patients with asthma with the 4G allele and in only one-third of 5G homozygotes87, 

a clinical finding further corroborated by in vitro studies showing that in stimulated 

human mast cells the transcriptional activity of the 4G-PAI-1 promoter is higher than 

that of the 5G-PAI-1 promoter.88

Remarkably, plasminogen deficient mice demonstrated attenuated leukocyte 

recruitment into the lungs and reduced early histological changes, including collagen 

deposition in the peribronchial areas and mucus metaplasia in allergic pulmonary 

inflammation induced by ovalbumin sensitization and challenge.89 In accordance, 

administration of the plasminogen inhibitor tranexamic acid reduced eosinophil 

and lymphocyte numbers, mucus production and collagen deposition in the lungs 

of ovalbumin-treated wild-type mice.89 These results are unexpected in light of 

the impact of PAI-1 deficiency described above, since plasminogen deficiency or 

inhibition, opposite to PAI-1 deficiency, will result in reduced fibrinolysis. It is therefore 

conceivable that PAI-1 contributes to asthma pathophysiology by a mechanism that 

is not directly related to its role in fibrinolysis; indeed, PAI-1 has been implicated 

in processes and diseases that are not or only partially related to its capacity to 

inhibit plasminogen generation, including wound healing, atherosclerosis, metabolic 

diseases and tumor angiogenesis, processes that may depend on its interference in 

cellular migration and cellular matrix binding.90

Thrombin activatable fibrinolysis inhibitor (TAFI) is known to be an important 

regulator of fibrinolysis after thrombin-induced activation by inhibiting binding sites 

on fibrin for plasminogen and tPA. TAFI can also inactivate complement proteins 

C3a and C5a. TAFI deficient mice showed enhanced airway hyperresponsiveness 

and lung injury in the ovalbumin asthma model, which was partly due to diminished 

inhibition of complement.91 The role of TAFI in human asthma warrants further 

investigation.
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Clinical experience with anticoagulant treatment of asthma: 
inhaled heparin

Heparin is a glycosaminoglycan widely used as anticoagulant in clinical practice. 

Heparin binds to antithrombin causing a conformational change that results in 

its activation, and inactivation of thrombin and other proteases involved in blood 

clotting, most notably FXa. Besides its anticoagulant properties, heparin possesses 

a wide range of anti-inflammatory activities, including inhibition of inflammatory 

mediators such as eosinophilic cation protein, peroxidase, neutrophil elastase and 

cathepsin G, inhibition of lymphocyte activation, neutrophil chemotaxis, smooth 

muscle growth, vascular tone and complement activation.92 Early studies described 

subjective improvement of asthma symptoms using intravenous heparin.93,94 

Patients with mild-to-severe asthma exposed to inhaled heparin experienced 

subjective but no objective improvement.95 Subsequent studies with inhaled 

heparin demonstrated reduced bronchoconstrictive responses in patients with 

exercise-induced asthma96,97; inhaled enoxaparin (a low molecular weight heparin) 

demonstrated similar protective effects.98 In accordance, in subjects with asthma 

and house dust mite allergy, nebulized heparin administered 10 minutes before 

challenge inhibited bronchospasms99 and five treatments with nebulized heparin 

between 90 minutes before until 6h after allergen exposure attenuated the early and 

reduced the late allergic response.100 Of note, however, trials of inhaled heparin on 

the bronchoconstrictive response to methacholine have yielded mixed results.101,102 

Bleeding complications have not been reported after inhalation of heparin. At 

present, inhaled heparin is not used in clinical practice as adjunctive therapy for 

asthma attacks.

In conclusion, mediators and cells classically involved in procoagulant and 

anticoagulant pathways play a role in asthma pathophysiology. Patients with asthma 

display signs of enhanced activation of coagulation in their airways, impaired 

function of the anticoagulant PC system and attenuated fibrinolysis. Inhibition of 

coagulation in mouse models of allergic asthma reduces eosinophil recruitment, 

lung inflammation and airway remodelling, and improves lung function. Platelets 

can contribute to many features of asthma, at least in part by their capacity to 

directly respond to IgE, to release inflammatory mediators and to form aggregates 

with leukocytes. Administration of inhaled APC exerts strong anti-inflammatory 

effects in ovalbumin challenged mice. Considering the wide range of cytoprotective 

properties of this protein, these effects may be unrelated to APC induced inhibition 

of coagulation. PARs have been identified as the link between coagulation and 

inflammation; in experimental asthma, PAR2 activation, either by clotting proteases or 
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proteases expressed by common allergens, contributes to disease severity. Clearly, 

this abundance of preclinical data provide ample opportunities for identification of 

new therapeutic targets for patients with asthma, in particular for those with severe, 

refractory disease. As such, this relatively new area of asthma research holds 

promise for the future and the development of novel drugs with new mechanisms of 

action for asthma treatment.
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Abstract

Increasing evidence suggests that patients with asthma have activated coagulation 

within the airways. Whether this leads to an increase in venous thromboembolic 

events (VTE) is unknown. We therefore assessed the incidence of VTE in patients 

with mild-moderate and severe asthma as compared to an age- and gender-matched 

reference population.

648 patients with asthma (283 with severe and 365 patients with mild-moderate 

asthma) visiting 3 Dutch outpatient asthma clinics were studied. All patients 

completed a questionnaire about a diagnosis of deep-vein thrombosis (DVT) 

and pulmonary embolism (PE) in the past, their risk factors, history of asthma and 

medication use. All VTE were objectively verified.

In total, 35 VTE events (16 DVT and 19 PE) occurred at a median age of 39 (range 

20-63) years. The incidence of PE in patients with severe asthma was 0.93 (95% 

Confidence Interval (CI): 0.42-1.44) per 1000 person-years, 0.33 (95%CI: 0.07-0.60) 

in mild-moderate asthma, and 0.18 (95%CI: 0.03-0.33) in the general population, 

respectively. Severe asthma and oral corticosteroid use were independent risk 

factors of PE (hazard ratios: 3.33 (1.16-9.93) and 2.82 (1.09-7.30), respectively). Asthma 

was not associated with DVT.

Severe asthma greatly enhances the risk of pulmonary embolism, particularly if 

chronic corticosteroids are used.
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Introduction

Chronic inflammatory diseases have been associated with activation of coagulation1,2 

and an increased risk of venous thromboembolic events (VTE), in particular during 

active disease. This has been shown for inflammatory bowel disease3, rheumatoid 

arthritis4, diabetes mellitus5 and chronic obstructive pulmonary disease (COPD)6. Also 

asthma has been associated with a procoagulant and antifibrinolytic activity in the 

airways7,8. However, whether this procoagulant shift translates into a higher risk of 

symptomatic VTE is unknown.

Therefore, we hypothesized that asthma, in particular severe, refractory asthma9, 

predisposes to an increased risk of thromboembolic complications. The present 

study was designed to determine the incidence of deep-vein thrombosis (DVT) and 

pulmonary embolism (PE) in outpatients with mild-moderate and severe asthma, 

and to compare the incidence rates to an age-, and gender-matched reference 

population.

Methods

Study population
Adult patients with mild-moderate or severe asthma according to international 

criteria10,11, who visited the outpatient pulmonary clinic of 3 Dutch tertiary asthma 

clinics (1 academic, 1 non-academic, 1 asthma centre) were consecutively recruited 

between December 1st 2010 and May 1st 2011. The reference population was 

retrieved from a publication by Naess and colleagues representing a sample from 

the general population in Norway as this population is the best match to the Dutch 

population12. This population of 94.194 individuals of 20 years and older (mean age 

46 yrs. (range 20-103 yrs.) participated in a large scale general health study (HUNT2 

study) and were followed from 1995-200113.

Questionnaire
To assess the prevalence of VTE, subjects completed a questionnaire during their 

routine follow-up visit to the outpatient clinic. The questionnaire contained a set 

of questions about a history of DVT and PE, anticoagulant therapy, risk factors for 

VTE as well as asthma specific questions, including inhaled or oral corticosteroid 

treatment at the time of the thromboembolic event. The complete questionnaire is 

given in the online supplement as figure E1.
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Diagnosis of venous thromboembolism
In the study population all VTE events were objectively verified. In all identified 

events medical records of the patients were reviewed and adjudicated blindly, 

using international criteria for DVT and PE14-16. In the reference population Naess et 

al verified venous thromboembolic events by using the same criteria12. Additional 

details on the method for verifying the diagnosis of PE and DVT are provided in the 

online data supplement.

VTE was categorised as first event or recurrent event, as well as provoked 

or idiopathic event. Provoked VTE was defined as VTE occurring under oral 

contraceptive use, recent surgery, confinement to bed, positive family history of VTE, 

and pregnancy. Other VTE events were considered idiopathic.

Statistical analysis
The primary study outcome was the incidence of first episode of DVT and PE 

in asthma patients. Secondary outcomes were covariables associated with the 

incidence of first DVT and PE. Cumulative incidences of VTE, PE and DVT were 

estimated using Kaplan Meier survival probabilities. In order to match the incidences 

of the present population with that of the reference population we performed an 

indirect standardization procedure using age and gender specific VTE-incidence 

numbers from Naess et al12. Using these numbers, the expected cumulative PE-

hazard at the age of the first episode of PE (or at the age of censoring if a patient did 

not have PE), was calculated for every patient by summing the age-gender specific 

incidences of Naess et al. The expected cumulative PE-hazards after asthma-onset 

were calculated as the differences between the total cumulative hazards minus the 

cumulative hazards until the age of asthma-onset.

The incidence of PE in the age and gender-matched general population was 

calculated as the expected number of PE according to Naess divided by the total 

number of personyears for our study population. Rate ratios were computed by 

dividing the number of PE in our sample by the sum of the expected cumulative 

PE-hazards. Exact 95% confidence intervals were calculated assuming that the 

number of PE followed a Poisson distribution. The same procedure was performed to 

calculate the incidences and rate ratios of DVT.

Multivariate regression of the PE- or DVT-risk on cofactors was performed using the 

Cox proportional hazards regression model. Age-gender specific population hazards 

(according to Naess et al)12 were used as time-dependent offset-variables as described by 

Anderson et al17. Asthma severity was the time-dependent covariate. Potential cofactors 

were atopy, gender, BMI, smoking status, inhaled corticosteroid use, oral corticosteroid 

use, and forced expiratory volume in one second (FEV1) relative to forced vital capacity 

(FVC). Data were processed in SPSS for windows version 18.0 (SPSS Inc., Chicago, IL, USA).
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Results

A total of 762 adults with asthma fulfilled the criteria for inclusion. Thirteen patients 

were irretrievable, 91 did not return the questionnaire, six patients were excluded for 

psychological reasons, three had language problems and in one patient there was 

incomplete demographic data (Figure 1). Thus, a total of 648 patients, 365 patients 

with mild-moderate asthma and 283 patients with severe asthma, were analysed. 

Patients were aged between 18 and 88 years old. Other patient characteristics 

are summarized in Table 1 for the two groups separately. Characteristics of non-

participating patients did not differ from those participating (data not shown).

VTE events in patients with asthma
Thirty-five (5.4%) first episodes of VTE occurred in patients with asthma (17 with mild-

moderate asthma, and 18 with severe asthma) during 31889 person-years (Table 2). 

Sixteen (46%) patients suffered from DVT and 19 (54%) from PE (with or without 

DVT). Definite DVT was confirmed in 12 patients, and 4 patients had a probable DVT 

(clinical suspicion without objective diagnostic imaging). Definite PE was diagnosed 

1

762 patients
Screened for study  

participation

Included in the  
analysis

648  patients

Excluded from the analysis: 114

- No show at appointment 13

- Did not return questionnaire 86

- Psychological problems 6

- Unable to understand Dutch 3

- Incomplete demographic data 1

- Severe comorbidity    5

Mild-moderate
asthma

365  patients

Severe
asthma

283 patients

Figure 1.
Flow diagram of study patients
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in 16 patients (11 by CT-scan, 5 by high probability V/Q scan) and 3 patients had a 

probable PE (1 with typical symptoms and intermediate probability V/Q scan, and 2 

with typical symptoms and proven DVT). All patients (definite and probable DVT and 

PE) were treated with 6 months of anticoagulation. Therefore, probable cases were 

included in the analysis.

VTE occurred in 10 (3.8%) men and 25 (6.5%) women (p=0.04). Provoked VTE 

occurred in 24 (68.6%) patients (oral contraceptive use (n=11), recent surgery (n=9), 

positive family history of VTE (n=6), and pregnancy (n=3)). Seven patients had more 

than one risk factor. Although not significant, idiopathic VTE was noted more often in 

patients with severe asthma (39% versus 24%)(p=0.31).

Median age at first event was 39 years (range 20-57) in patients with severe 

asthma and 39 years (range 22-63) in patients with mild-moderate asthma. In 

patients with severe asthma the majority of VTE (89%) occurred after the onset of 

asthma, as compared to 41% in patients with mild-moderate asthma (Chi-square: 

p=0.003). Seven patients with severe asthma (39%) and 3 patients (18%) with mild-

Table 1. Baseline characteristics.

Mild-moderate asthma Severe asthma

(n=365) (n=283)

Age (years) 50 (18  -  88) 51 (17 - 77)

Female sex (%) 58 61

BMI (kg/m2) 28 (17 - 45) 27 (18 - 59)

Age of asthma onset (years)* 39 (0 - 78) 27 (0 - 70)

Duration of asthma (years)* 5.0 (0.1 - 78) 20 (0.1 - 76)

Atopy (%) 42 49

Smoking history*

 Never smoker (%) 52 64

 Ex-smoker (%) 40 33

 Current smoker (%) 8 3

Severe exacerbations in previous year

<1/year (%) 73 28

1-2/year (%) 20 31

>2/year (%) 8 41

FEV1 post bronchodilator (% pred.) 97.0 (22 - 146) 84.9 (23.1 - 133)

ICS dose ≥1000 μg/day (%) 0 85

Chronic oral corticosteroid (%) 0 38

Omalizumab (%) 0 7

BMI Body mass index; FEV1 Forced Expiratory Volume in 1 second; ICS inhalational corticosteroid; pred. 
predicted
* Data derived from questionnaires; not objectively confirmed in 26 patients
Values are presented as median (range) or % of total.
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moderate asthma had recurrent thromboembolic events, (p=0.16). Twelve patients 

with severe asthma (67%) and none with mild-moderate asthma used chronic oral 

corticosteroids at the time of the first VTE.

Comparison between patients with severe asthma, mild-moderate asthma 
and the general population
The cumulative incidences for VTE, PE and DVT for patients with severe and 

mild-moderate asthma, and the general population are shown in Figure 2 A-C. The 

incidence of VTE in patients with severe asthma was 1.29 per 1000 person-years 

(95% confidence interval (95% CI): 0.69-1.88) as compared to 0.95 (95% CI: 0.50-1.40) 

in patients with mild-moderate asthma and to 0.46 (95% CI: 0.23-0.70) in the general 

population, respectively. The incidence of PE in patients with severe asthma was 

0.93 (95% CI: 0.42-1.44) per 1000 person-years, 0.33 (95%CI: 0.07-0.60) in patients 

with mild-moderate asthma and 0.18 (95%CI: 0.03-0.33) in the general population, 

respectively. The incidence of DVT in patients with severe asthma was 0.36 (95% 

CI: 0.04-0.67) per 1000 person-years, 0.61 (95%CI: 0.25-0.98) in patients with mild-

moderate asthma and 0.28 (95%CI: 0.10-0.47) in the general population, respectively.

Standardized rate ratio’s for first PE and DVT in patients with severe and 

mild-moderate asthma were 8.93 (95% CI 4.62-15.63) and 3.97 (95% CI 0.97-9.12), 

respectively, while the rate ratio’s for DVT were not significantly increased (1.62 (95% 

Table 2. Venous thromboembolic events in study population.

Mild-Moderate asthma Severe asthma

(n=365) (n=283)

Total number of personyears 17914 13975

Before and after asthma onset

All VTE (n) 17 18

Deep venous thrombosis (only DVT) (n) 11 5

Pulmonary embolism (+/ – DVT) (n) 6 13

Before asthma onset

All VTE (n) 10 2

Deep venous thrombosis (only DVT) (n) 8 1

Pulmonary embolism (+/ – DVT) (n) 2 1

After onset of asthma

All VTE (n) 7 16

Deep venous thrombosis (only DVT) (n) 3 4

Pulmonary embolism (+/ – DVT) (n) 4 12

VTE venous thromboembolic event DVT deep venous thrombosis
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CI 0.44-4.14) and 1.45 (95% CI 0.30-4.23), respectively). Excluding the probable cases 

of DVT and PE the rate ratios did not markedly change the results: the rate ratio for 

PE was 8.93 (95% CI 4.62-15.63) and 2.67 (95% CI: 0.55-7.80), respectively. (Table 3.)

Risk factors of DVT and PE
Univariate Cox regression showed that severe asthma and the use of oral 

corticosteroids were associated with PE. Mild-moderate asthma, severe asthma 

and BMI were associated with DVT. Other factors, such as ICS dose (for both as a 

continuous variable and a dichotomous variable (with a cut-off dose of fluticasone (or 

equivalent drug) of 1000 µg/day)), atopy, current and ex-smoking, gender, and FEV1/

FVC were not associated with PE or DVT. In multivariate Cox regression model only 

severe asthma (Hazard ratio (HR) 3.33, 95%CI: 1.16-9.93) and oral corticosteroid use 

(HR: 2.82, 95% CI: 1.09-7.30) were associated with PE, and BMI with DVT (HR: 1.09, 

95% CI: 1.01-1.16).
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Figure 2.
Cumulative hazards for VTE (A.), PE (B.), and DVT (C.) in asthma of different severities and the general 
population.
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Discussion

Our results show an almost nine-fold increased risk of pulmonary embolism in 

patients with severe asthma as compared to the general population. In addition, 

a trend towards a 3.5-fold increased risk of PE was found in patients with mild-

moderate asthma. Severe asthma and the use of oral corticosteroids were risk 

factors of pulmonary embolism in multivariate analysis. Interestingly, asthma was 

not associated with DVT. These results suggest that the incidence of pulmonary 

embolism is increased in patients with severe asthma, particularly in patients using 

oral corticosteroids.

To our knowledge this is the first study investigating the relation between asthma of 

different severities and venous thromboembolic events. Two studies in the primary 

care setting found an association between VTE and asthma18,19. In the first study 

a slightly increased risk of PE was found in patients with asthma18, whereas in the 

second study the prevalence of asthma in women using oral contraceptives who 

were diagnosed with VTE was somewhat higher as compared to those without VTE19. 

In both studies the severity and treatment of asthma were not explored. Another 

study evaluated the incidence of VTE in patients with atopic diseases and found a 

higher risk of DVT and PE in patients with allergic rhinitis or elevated specific IgE 

to a panel of common aero-allergens. No increased risk was found in patients with 

asthma probably because the sample size was too small20. Yet another study found 

an association between Churg-Strauss syndrome and DVT, which is interesting since 

Churg-Strauss syndrome is often associated with severe asthma21. Also other airway 

diseases such as COPD, have been associated with increased risk of pulmonary 

embolism, in particular amongst hospitalized patients during an exacerbation6,22. 

Our results show that patients with asthma are at increased risk of PE, in particular 

Table 3. Rate ratios (95% CI) of first PE and DVT (asthma population versus general population).

Mild-moderate asthma Severe asthma

N=365 N=283

All VTE (Definite and probable)

Deep-vein thrombosis 1.45 (0.30-4.23) 1.62 (0.44-4.14)

Pulmonary embolism 3.56 (0.97-9.12) 8.93 (4.62-15.63)

All definite VTE

Deep-vein thrombosis 1.45 (0.30-4.23) 1.21 (0.25-3.55)

Pulmonary embolism 2.67 (0.55-7.80) 8.93 (4.62-15.63)
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those with severe disease. Together these studies suggest that disease severity is an 

important risk factor for pulmonary embolism in patients with airways disease.

The strength of our study is the high number of 283 patients with well characterized 

severe asthma10, which is comparable to the number of patients included in the NIH 

sponsored multicentre Severe Asthma Research Programme (SARP) studies23,24. 

Nevertheless, the number of patients with PE and DVT in our study was modest, 

hence some of the subanalyses should be interpreted with caution. This could 

also explain the lack of association between PE and mild-moderate asthma. 

Furthermore, our study was based on self-reported VTE, which might have caused 

misclassification. Overestimation was, however, ruled out since all self-reported 

thromboembolic events were confirmed by objective measurements including 

compression ultrasound for DVT and CT-scanning or high probability ventilation-

perfusion scanning for PE.

Finally, the Norwegian population was used as control group for Dutch asthma 

patients. Observed incidence rates of VTE in the Norwegian population were similar 

to rates for first events in other western European countries including France and 

Sweden25,26. Therefore, we believe that the Norwegian population could be used as 

an adequate reference population in our study.

The mechanism by which severe asthma may predispose to pulmonary embolism 

is complex. First, there is extensive evidence that inflammation alters the balance 

between procoagulant and fibrinolytic activity and that inflammation and coagulation 

stimulate each other8,27. This has been observed in animal models and lung tissue 

of humans with acute lung injury28, and pneumonia29. Also in the asthmatic airway 

there is evidence of activation of the extrinsic coagulation cascade, with involvement 

of both plasma and locally derived factors7,8. This is supported by a recent 

finding showing local vascular inflammation in asthma and COPD30, as well as the 

observation of higher incidence of PE than DVT in COPD patients22, and evidence 

that in other chronic inflammatory disorders such as diabetes, rheumatoid arthritis 

and ulcerative colitis, a higher incidence of pulmonary embolism has not been 

observed3-5. Taken together, the results of the present study suggest that in particular 

in severe asthma the balance between coagulation and fibrinolysis is seriously 

disturbed.

Second, inactivity of the patients with severe asthma might have been a potential 

trigger for VTE. However, this would have led to a higher incidence of DVT than PE, 

which was not the case in our study.

Finally, patients with severe asthma continuously use (ultra)high doses of inhaled 

corticosteroids, receive bursts of systemic corticosteroid during exacerbations, 
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and often need chronic oral corticosteroid treatment for control of their asthma. 

Corticosteroid-induced hypercoagulability has been described for many years31, 

but is still controversial whether the use of corticosteroids itself or the underlying 

(severe) disease contributes to the hypercoagulable state32.

The findings of the present study may have important clinical implications. Pulmonary 

embolism is a potentially life threatening complication that may occur in relatively 

young patients with severe asthma. Doctors should therefore increase their 

awareness and lower the threshold for the evaluation of patients with severe asthma 

for possible pulmonary embolism. In addition, we believe that strategies to reduce 

the risk of pulmonary embolism, such as thromboprophylaxis, may be considered in 

patients with prednisone-dependent asthma.

In conclusion, our study suggests that patients with asthma, in particular those with 

severe, refractory disease, have a high risk of pulmonary embolism, which may be 

further increased by asthma severity and oral corticosteroids.
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Methods

Questionnaire
See Figure E1

Questionnaire to investigate the incidence of venous 
thromboembolism in asthma. 
 
Studynumber: _____________ 
 
Age:  ________ year     Gender:    male  /  female 
 
At what age were you diagnosed with asthma (year):  ___________________ 
 
Are you being treated for allergies?              Yes No 
Do you smoke?                           Yes No 
Did you ever smoke?                           Yes No 

Since when did you start smoking?    ___________________ 
 How many cigarettes do/did you smoke per day?   ___________________ 
 
I am using the following medication at this moment: (Could you please also write down the 
dosage of the medication you are using): 
________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
 
1. Were you ever diagnosed with a deep-vein thrombosis?            Yes No I do no know 
 If Yes, 
 In which year was the deep-vein thrombosis diagnosed? ___________________ 
 Did you use anti-coagulant treatment?                                   Yes No  I do no know 
 How long did you use anticoagulant treatment?   ____________ weeks/months/years 
     Were you ever diagnosed with a pulmonary embolism (a blood clot in the lungs)?  
                                                                                                                      Yes No  I do no know  

If Yes, 
 In which year was the pulmonary embolism diagnosed? ___________________ 
 Did you use anti-coagulant treatment?                                    Yes No  I do no know 
 How long did you use anticoagulant treatment?   ____________ weeks/months/years 
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At the time the deep-vein thrombosis or pulmonary embolism occured: 
- Was this shortly after surgery?     Yes No  I do no know 
- Were you already diagnosed with asthma?   Yes No  I do no know 
- Did you use anticonceptive treatment at that time?  Yes No  I do no know 
- Did you use postmenopausal hormone replacement therapy at that time? 
                                                                                                                     Yes No  I do no know 
- Did you use corticosteroid treatment at that time?  Yes No  I do no know 
 
2. Are there any relatives in your family with deep-vein thrombosis or pulmonary embolism? 
                                                                                                                     Yes No  I do no know 
                 If Yes, 
                 Sister/Brother          Mother/Father         Grandmother/Grandfather       Aunt/Uncle 
 
3. Was there ever investigated if there was a genetic susceptibility for deep-vein thrombosis 
or pulmonary embolism?                                                                        Yes No  I do no know 
                 If Yes, 
                 Was this genetic susceptibility increased?                          Yes No  I do no know 
 
4. Did you use chronic oral corticosteroid treatment? (Examples of corticosteroid treatment are: 
prednisone, prednisolon, dexamethason, betamethason, celestone, cortisone, hydrocortisone) 
                                                                                                                           Yes No  I do no know 
                 If Yes, 
                 What is the dosage you use every day?                           ________________ mg/day 
 
5. How many oral corticosteroid bursts did you receive in the previous 12 months? ________ 
 
If you are female, could you please also answer the last question: 
6. Did you ever use the anticonceptive medication?                          Yes No  I do no know 
                 If Yes,  
                 For how many years did you use this medication         ____________ years 
     Did you ever use postmenopausal hormone replacement therapy? 
                                                                                                                      Yes No  I do no know 
                 If Yes, 
                 For how many years did you use this medication         ____________ years 
 
For example: Cilest, Evra, Femodeen, Marvelon, Mercilon, Microgynon ‘20’, ’30’ of’50’, Ministat, Minulet, 
Modicon, Neocon, Stediril ’30’, Trigynon, Trinordiol, Trinovum, Yasmin, Yaz, Mirena-spiraal, Nuvaring, Dagynil, 
Estradiol, Estrofem, Lynoral, Livial, Progynova, Synapause-E3, Zumenon, Meno-implant of Estradiol-pleisters, 
Systen-pleisters  
 
 
 

We thank your for your time and cooperation to fill in this questionnaire! 

Figure E1
Translated questionnaire
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Diagnosis of venous thromboembolism
Both in the study population and the reference population, all VTE events were 

objectively verified. In all identified events medical records of the patients were 

reviewed and adjudicated blindly, using international criteria1-3. A definite DVT 

was defined as an intraluminal filling defect on venography or a non-compressible 

venous segment in the popliteal or femoral veins on duplex ultrasound. A probable 

DVT was defined as no venous filling on ascending contrast venography or no 

venous flow in the popliteal or femoral veins on duplex ultrasound. Definite PE was 

defined according to the PIOPED criteria as a high-probability ventilation/perfusion 

(V/Q) scan, i.e. ≥ 2 segmental perfusion defects (V/Q mismatch), a perfusion scan 

with ≥ 2 segmental perfusion defects and a normal chest X-ray, or a positive CT scan. 

Probable PE was defined as an intermediate probability V/Q scan with 1 segmental 

moderate or large V/Q mismatch.

Results

Comparison between patients who did and did not return the questionnaires is 

shown in table E2. We conducted a sensitivity analysis by excluding all probable DVT 

and PE cases. (Table E3) The resulting rate ratios of the sensitivity analysis are shown 

in table E4.
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Table E3. Definite venous thromboembolic events in study population.

Mild-Moderate asthma Severe asthma

(n=365) (n=283)

Total number of personyears 17914 13975

Before and after asthma onset

All VTE (n) 13 15

Deep venous thrombosis (n) 9 3

Pulmonary embolism (n) 4 12

Before asthma onset

All VTE (n) 7 0

Deep venous thrombosis (n) 6 0

Pulmonary embolism (n) 1 0

After onset of asthma

All VTE (n) 6 15

Deep venous thrombosis (n) 3 3

Pulmonary embolism (n) 3 12

Table E4. Rate ratios (95% CI) of definite first PE and DVT (asthma population versus general 
population).

Mild-moderate asthma Severe asthma

(n=365) (n=283)

Deep-vein thrombosis 1.45 (0.30-4.23) 1.21 (0.25-3.55)

Pulmonary embolism 2.67 (0.55-7.80) 8.93 (4.62-15.63)
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Clinical Implications
Patients with asthma, in particular those with severe disease, have a prothrombotic 

state under stable conditions which may explain the increased risk of these patients 

to develop venous thromboembolism.

Capsule summary
Patients with asthma have a prothrombotic state as demonstrated by higher levels 

of ETP, PAPc, PAI-1 and vWF in peripheral blood compared to healthy controls. This 

prothrombotic state increases with asthma severity.

Abbreviations
ACQ = asthma control questionnaire

BMI = body mass index

CRP = C-reactive protein

ETP = endogenous thrombin potential

FEV1 = forced expiratory volume in 1 second

PAI-1 = plasminogen activator inhibitor type 1

PAPc = plasmin-α2-antiplasmin complex

PE = pulmonary embolism

TATc = thrombin-antithrombin complex

vWF = von Willebrand factor
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Abstract

Background
Epidemiological studies have shown that patients with asthma, in particular those 

with severe disease, have increased risk of pulmonary embolism. It is unknown 

whether these patients have a prothrombotic state under stable conditions.

Objective
To compare coagulation and fibrinolysis parameters between healthy subjects, 

and patients with mild, severe and prednisolone-dependent asthma under stable 

conditions and to investigate whether hemostatic markers correlate with airway 

inflammation.

Methods
In 126 adults (33 healthy controls, 31 mild asthma, 32 severe asthma, and 30 

prednisolone-dependent asthma) parameters of inflammation (peripheral blood 

eosinophils and neutrophils), and markers of hemostasis (endogenous thrombin 

potential (ETP), thrombin-antithrombin complex (TATc), plasmin-α2-antiplasmin 

complex (PAPc), plasminogen activator inhibitor type 1 (PAI-1), D-dimer and von 

Willebrand factor (vWF)) were measured in plasma. One-way ANOVA with post-hoc 

Bonferroni test was used for group comparison, and linear regression analysis was 

used for correlations.

Results
We observed increased ETP levels (121 vs. 99%; overall p<0.01), increased PAPc 

levels (520 vs. 409 µg/L; overall p=0.04), increased levels of PAI-1 (10 vs. 7 ng/mL; 

overall p=0.02) and increased levels of vWF (142 vs. 87%; overall p<0.01) in asthma 

patients as compared to healthy controls. Levels of ETP, PAI-1 and vWF increased 

with increasing asthma severity. In addition, we found a correlation between ETP and 

vWF with neutrophils but not with eosinophils.

Conclusion
Patients with asthma have a prothrombotic state that increases with asthma severity. 

This may explain why patients with asthma, in particular those with severe disease, 

have an increased risk of venous thromboembolism.
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Introduction

Patients with asthma, in particular those with severe disease and frequent 

exacerbations are at increased risk of venous thromboembolism1,2. Epidemiologic 

studies have shown that the risk of pulmonary embolism (PE) in patients with severe 

asthma is increased up to 9 fold as compared to non-asthmatic individuals1. The 

reason why patients with asthma are at increased risk of PE is unclear, but a pro-

coagulant influence of the underlying inflammatory process has been suggested. 

This fits with the observation that also other chronic inflammatory diseases such as 

inflammatory bowel disease and rheumatoid arthritis are associated with increased 

risk of PE3,4. Another contributing factor could be the use of corticosteroids, 

the mainstay of asthma treatment, which has also been associated with altered 

hemostasis5 and increased risk of PE6,7. It is therefore conceivable that in asthma, 

in particular in severe asthma, hemostasis is activated since patients with severe 

asthma have severe airway inflammation and require high doses of corticosteroids 

for control of their disease.

In the present study, we hypothesized that patients with asthma have a 

prothrombotic state, which increases with asthma severity and is related to the 

number of inflammatory cells (eosinophils and neutrophils) in peripheral blood. The 

aim of our study was to compare coagulation and fibrinolysis parameters between 

healthy subjects, and patients with mild, severe and prednisolone-dependent asthma 

under stable conditions. For this, we measured markers of hemostasis (thrombin-

antithrombin complex (TATc), endogenous thrombin potential (ETP), plasmin-α2-

antiplasmin complex (PAPc), plasminogen activator inhibitor type 1 (PAI-1), D-dimer, 

and von Willebrand factor (vWF)) in peripheral blood.

Methods

Subjects and design
Hundred-twenty-six adult subjects (33 healthy controls, 31 patients with mild asthma, 32 

patients with severe asthma and 30 patients with prednisolone-dependent asthma) were 

included in the study. Patients with asthma of different severities were recruited when 

visiting the outpatient pulmonary clinic of the Academic Medical Center Amsterdam, 

The Netherlands. Healthy subjects were recruited by advertisements in the local area 

outside the hospital. Assessment of asthma severity was based on the Global Initiative 

for Asthma (GINA) 2002 guideline8 for mild asthma and Innovative Medicine Initiative 

(IMI) criteria9 for severe asthma. All asthma patients had stable asthma and asthma was 

defined as a documented reversibility in forced expiratory volume in 1 second (FEV1) 
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of at least 12% after 400μg salbutamol, or airway hyperresponsiveness (concentration 

of methacholine <8mg/ml causing a 20% fall in FEV1 from baseline (PC20 <8mg/ml)) 

in the past 5 years. We divided patients into three categories based on the intensity 

of anti-inflammatory treatment; mild persistent asthma patients (using 250-500µg/

day fluticasone or equivalent), severe asthma patients (using ≥1000µg/day fluticasone 

or equivalent and a second controller), and severe prednisolone-dependent asthma 

patients (using ≥1000µg/day fluticasone or equivalent and a second controller and >5mg/

day prednisolone). Healthy subjects had no history of airway diseases, were non-atopic 

and had no airway hyperresponsiveness.

None of the subjects were current cigarette smokers and all had a history of a 

maximum of 10 pack years. Subjects were excluded if they had signs of a respiratory 

infection or a change in inhaled or oral corticosteroid dose within 4 weeks prior to 

screening and if they used omalizumab. Also patients using heparin, low-molecular-

weight-heparin, aspirin, non-steroidal anti-inflammatory drugs (NSAIDs) or vitamin K 

antagonists were excluded. Patients who were pregnant or had a history of venous 

thromboembolism, and patients with concomitant disease or inherited coagulation 

disorders which could interfere with the study, were also excluded.

This study was part of a research program aimed at investigating risk factors of 

venous thromboembolism in patients with asthma. Study measurements included 

asthma control questionnaires (ACQ), spirometry, venous blood collection, and 

sputum induction and were conducted at the Academic Medical Center Amsterdam. 

All samples were collected on the same day. The study was approved by the Medical 

Ethics Committee of the Academic Medical Center Amsterdam and all subjects gave 

their written informed consent. The study was registered at the Dutch trial registry 

(www.trialregister.nl) number NTR3101.

Measurement of inflammation and hemostatic parameters in peripheral 
blood
Venous blood was obtained after 10 minutes rest. Complete white blood cell 

counting including automated differential cell counting was performed to calculate 

the number of neutrophils and eosinophils in peripheral blood. C-reactive protein 

(CRP) was measured by immunoturbidimetric determination. Citrated blood was 

used for measurement of hemostatic markers; vWF, TATc and D-dimer (in vivo 

coagulation), ETP (in vitro coagulation), and PAPc and PAI-1 (fibrinolysis). vWF was 

determined by ELISA with a polyclonal rabbit anti-human vWF antibody as catching 

antibody and horse radish peroxidase-labelled rabbit anti-human vWF antibody 

as detecting antibody (both DAKO, Glostrup, Denmark). TATc (Siemens Healthcare 

Diagnostics, Marburg, Germany), PAPc (DRG, Marburg, Germany), and PAI-1 (Hyphen 

BioMed, Andrésy, France) were determined by ELISA. D-dimer levels were measured 
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with a particle-enhanced immunoturbidimetric assay (Innovance D-dimer, Siemens 

Healthcare Diagnostics). In vitro thrombin generation was measured using the 

Calibrated Automated Thrombogram. This assay determines the generation of 

thrombin in clotting plasma using a microtiter plate reading fluorometer (Fluoroskan 

Ascent, ThermoLab systems, Helsinki, Finland), and Thrombinoscope software 

(Thrombinoscope BV, Maastricht, The Netherlands). The assay was carried out as 

described by Hemker et al.10 and the Thrombinoscope manual. Coagulation was 

triggered with 5 pM recombinant human tissue factor (Innovin, Siemens Healthcare 

Diagnostics), 4 µM phospholipids, and 417 µM fluorogenic substrate Z-Gly-Gly-

Arg-AMC (Bachem, Bubendorf, Switzerland). Fluorescence was monitored and the 

different parameters (lag time (time to initiate coagulation), peak thrombin, and area 

under the curve or endogenous thrombin potential (ETP)) were calculated using 

Thrombinoscope software. Peak thrombin and ETP results were normalized to 

pooled normal plasma.

Statistical analysis
Non-normally distributed data were log-transformed before analysis. Variables 

were summarized by descriptive statistics. Continuous variables were expressed 

as mean ± standard deviation or median with interquartile range, depending on the 

distribution of data. Categorical variables were presented as percentages. Overall 

comparison between the groups was done by one-way ANOVA which resulted in 

an overall p-value. In addition, post-hoc Bonferroni comparisons were performed 

between groups, which resulted in separate p-values. Multiple linear regression 

analysis, corrected for age and gender, was used to determine the association 

between coagulation and fibrinolysis parameters and inflammation parameters. A 

p-value of <0.05 was considered significant. SPSS Statistics (Version 20.0. Armonk, 

NY: IBM Corp) and Graphpad Prism (version 5.0. GraphPad Software, San Diego, 

California USA) was used for the data analysis.

Results

Characteristics of the patients with mild, severe and prednisolone-dependent asthma 

as well as healthy control subjects are shown in table 1. Patients with asthma were 

older as compared to healthy controls. Lung function (FEV1 prebronchodilator) 

decreased with asthma severity, whereas ACQ score increased with asthma severity 

(both overall p<0.01; table 1). Compared to healthy controls, patients with asthma had 

increased levels of neutrophils (overall p<0.01; table 1), eosinophils (overall p<0.01; 

table 1) and CRP (overall p<0.01; table 1) in peripheral blood.
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Hemostatic parameters
Coagulation and fibrinolysis parameters of patients with mild, severe and 

prednisolone-dependent asthma and healthy control subjects are shown in table 2. 

Compared to healthy control subjects, patients with asthma showed increased 

thrombin generation, as demonstrated by a significant higher level of ETP in asthma 

patients (overall p<0.01; figure 1). Post-hoc analysis showed a significant difference 

in ETP between healthy controls (99%) and severe asthma patients (114%; p<0.01), 

between healthy controls (99%) and prednisolone-dependent asthma patients (121%; 

p<0.01) and between mild asthma patients (105%) and prednisolone-dependent 

asthma patients (121%; p<0.01). A similar result was obtained with peak thrombin 

levels that were higher in asthma patients as compared to healthy controls (overall 

Table 1. Characteristics of healthy controls, mild asthma, severe asthma and prednisolone-de-
pendent asthma patients

Healthy 
controls
N = 33

Mild
asthma
N = 31

Severe
asthma
N = 32

Prednisolone-  
dependent asthma

N = 30

Age (years) * 30.3 (14.3) 44.3 (15.4) 49.0 (13.5) 53.7 (12.4)

Gender (% males) 58% 48% 56% 60%

BMI (kg/m2) * 25.0 (4.6) 25.0 (4.0) 26.7 (4.2) 28.2 (4.3)

Duration of asthma (years) ‡ NA 10.0 (3.0 – 22.0) 22.0 (12.8 – 29.8) 16.5 (3.8 – 41.2)

Allergy (% yes) NA 84% 75% 73%

Never smokers (% yes) 73% 77% 72% 60%

Smoking history (pack years)‡ 0.0 (0.0 – 1.0) 0.0 (0.0 – 0.0) 0.0 (0.0 – 1.0) 0.0 (0.0 – 2.3)

ICS dose (µg/day fluticasone 
or equivalent) ‡

NA 500 (250 – 500) 1500 (1000 – 2000) 1000 (1000 – 2000)

OCS dose (mg/day 
prednisolone) *

NA NA NA 10.7 (4.9)

ACQ score ‡ 0.0 (0.0 – 0.0) 0.7 (0.0 – 1.5) 1.4 (0.3 – 2.0) 1.7 (0.9 – 2.8)

FEV1 pre (%) * 106.6 (12.2) 99.6 (15.3) 87.9 (21.6) 72.9 (20.8)

Eosinophils (10E9/L) ‡ 0.1 (0.1 – 0.2) 0.2 (0.1 – 0.3) 0.3 (0.2 – 0.5) 0.2 (0.1 – 0.3)

Neutrophils (10E9/L) * 3.0 (1.1) 3.2 (0.9) 3.6 (1.1) 7.2 (2.6)

CRP (mg/L) ‡ 0.5 (0.3 – 1.4) 1.0 (0.3 – 2.4) 2.1 (0.5 – 4.6) 1.6 (0.6 – 3.2)

*mean (standard deviation) or ‡ median (interquartile range)

BMI = body mass index, NA = not applicable, ICS = inhaled corticosteroids, OCS = oral 
corticosteroids, ACQ = asthma control questionnaire, FEV1 pre = forced expiratory volume in 1 second 
prebronchodilator, CRP = C-reactive protein

Eosinophils and neutrophils were measured in peripheral blood.
Patients had allergy if there ever was a positive skin prick test for twelve common aeroallergens such 
as house dust mite, cockroach, grass or tree mix.
Asthma control was assessed by the Juniper asthma control questionnaire (ACQ)27.
A trained lung function technician performed spirometry28.
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p<0.01). There was again a trend with severity of disease with peak thrombin 

levels in mild asthma of 109% (p>0.05), 118% in severe asthma (p<0.01) and 132% 

in prednisolone-dependent asthma (p<0.01) when compared to 108% in healthy 

controls. There was also a longer lag time (overall p<0.01) in asthma patients 

compared to healthy controls.

TATc showed a few outliers (values higher than the mean plus 5 times the standard 

deviation) that were excluded from the analysis. Thus, for the analysis of TATc, we 

had data from 32 healthy controls, 28 patients with mild asthma, 30 patients with 

Table 2. Coagulation and fibrinolysis parameters for healthy controls, mild asthma, severe asth-
ma and prednisolone-dependent asthma patients

Healthy controls
N = 33

Mild asthma
N = 31

Severe asthma
N = 32

Prednisolone-
dependent asthma

N = 30

vWF (%)* 87 (23) 107.8 (45) 107.6 (37) 142 (53)

TATc (µg/L)‡ † 2.4 (2.0 – 2.8) 2.4 (2.1 – 2.8) 2.6 (2.3 – 2.9) 2.2 (2.0 – 2.5)

PAPc (µg/L)* 409 (149) 449 (141) 501 (183) 520 (183)

PAI-1 (ng/mL) ‡ 7.0 (4.0 – 12.5) 9.0 (5.0 – 14.0) 9.5 (6.0 – 13.0) 10.0 (8.0 – 22.5)

D-dimer (mg/L) ‡ 0.1 (0.1 – 0.3) 0.2 (0.1 – 0.4) 0.3 (0.2 – 0.4) 0.2 (0.1 – 0.3)

Lag time (min)* 2.8 (0.5) 3.2 (0.8) 3.4 (0.6) 3.6 (0.6)

Peak thrombin (%)* 108 (18) 109 (16) 118 (25) 132 (31)

ETP (%)* 99 (13) 105 (13) 114 (20) 121 (25)

*mean (standard deviation) or ‡ median (interquartile range)
† For analysis of TATc we had data of 32 healthy controls, 28 patients with mild asthma, 30 patients with 
severe asthma and 26 patients with prednisolone-dependent asthma.
vWF = von Willebrand factor, TATc = thrombin-antithrombin complex, PAPc = plasmin-α2-antiplasmin 
complex, PAI-1 = plasminogen activator inhibitor type 1, ETP = endogenous thrombin potential
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Figure 1.
Endogenous thrombin potential (ETP) in plasma of healthy controls, mild asthma, severe asthma, and 
prednisolone-dependent asthma patients.
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severe asthma and 26 patients with prednisolone-dependent asthma. There was 

no significant difference for TATc between the four groups of patients (healthy 2.4 

vs. mild 2.4 vs. severe 2.6 vs. prednisolone-dependent 2.2 µg/L; overall p=0.73). 

Furthermore, D-dimer levels were increased in asthma patients as compared to 

healthy controls (healthy 0.1 vs. mild 0.2 vs. severe 0.3 vs. prednisolone-dependent 

0.2 mg/L; overall p=0.01).

There was an overall significant difference for PAPc between asthma patients 

and healthy controls (overall p=0.04). Higher PAPc levels were observed in the 

severe asthma (501 µg/L) and prednisolone-dependent asthma patients (520 µg/L) 

compared to healthy controls (409 µg/L) but post-hoc testing for differences between 

separate groups did not reveal significant results. Furthermore, there were higher 

levels of PAI-1 (overall p=0.02) in asthma patients as compared to healthy controls 

(figure 2). We observed statistically higher levels in prednisolone-dependent asthma 

patients (10.0 ng/mL) than in healthy controls (7.0 ng/mL; p<0.01).

Lastly, we found higher levels of vWF (overall p<0.01) in asthma patients as 

compared to healthy controls (figure 3). Post-hoc analysis showed the highest level in 

prednisolone-dependent asthma patients (142%) when compared to healthy controls 

(87%; p<0.01). Also, patients with mild asthma (107.8%; p<0.01) had higher levels than 

healthy controls, while this was not different between severe asthma and healthy 

controls. Also, there was a difference in vWF between mild asthma patients (107.8%) 

and prednisolone-dependent patients (142%; p<0.01) and between severe asthma 

patients (107.6%) and prednisolone-dependent asthma patients (p<0.01).
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Figure 2.
Plasminogen activator inhibitor type 1 (PAI-1) in plasma of healthy controls, mild asthma, severe asthma, 
and prednisolone-dependent asthma patients.
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Correlation of hemostatic and inflammatory parameters
vWF and ETP correlated significantly with peripheral blood neutrophils (R=0.6; 

p<0.01 and R=0.3; p<0.01) (figure 4 a, b), whereas no correlation was found between 

hemostatic parameters with blood eosinophils or CRP.
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Figure 3.
von Willebrand factor (vWF) in plasma of healthy controls, mild asthma, severe asthma, and 
prednisolone-dependent asthma patients.

Figure 4.
Correlation of a) von Willebrand factor (vWF) with neutrophils in plasma b) endogenous thrombin 
potential (ETP) with neutrophils in plasma
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Discussion

This study shows that patients with asthma have a prothrombotic state, as 

demonstrated by higher levels of ETP, PAPc, PAI-1, and vWF in peripheral blood as 

compared to healthy controls. The results also show that the prothrombotic state 

increases with increasing asthma severity. In addition, vWF and ETP correlated with 

peripheral blood neutrophils but no associations were found between hemostatic 

parameters and eosinophils. The enhanced prothrombotic state may explain why 

patients with asthma, in particular patients with severe disease, are predisposed to 

develop venous thromboembolism.

This study is the first to systematically compare coagulation and fibrinolysis 

parameters in peripheral blood between healthy subjects and patients with mild, 

severe and prednisolone-dependent asthma. Previous studies have suggested 

increased hemostatic activity in asthma in general11-14, and some studies have 

suggested a relationship between coagulation activity and asthma severity. For 

example, TATc in sputum correlated with the degree of bronchial responsiveness15 

and increased PAI-1 levels in sputum were associated with poorer lung function16. 

One study showed increased PAI-1 levels in the blood of patients with asthma 

during an asthma attack17. In our study, we showed a prothrombotic state which 

was measured by multiple parameters, including increased in vitro coagulation 

(ETP), and higher levels of PAPc, PAI-1, D-dimer and vWF. This imbalance of 

hemostasis might explain why patients with asthma have an increased risk of venous 

thromboembolism.

We observed a prothrombotic state, with the highest values in patients with severe 

asthma, and lower values in patients with mild asthma. In fact, the prothrombotic 

state in patients with mild asthma resembled that in healthy controls. Apparently, 

in patients with mild asthma the airway inflammation was well controlled with 

inhaled corticosteroids, resulting in very low levels or no activation of coagulation. 

In contrast, in patients with severe asthma the inhaled corticosteroids were not fully 

capable of dampening the airway inflammation, which may lead to more coagulation 

activation.

Our study has several strengths. First, it was specifically designed to test 

multiple coagulation and fibrinolysis parameters in patients with asthma of different 

severities. Asthma severity was well defined and only patients with stable disease 

were included to minimize the influence of acute inflammatory events. In addition, 

we excluded patients with factors that could potentially influence hemostasis. For 

example, we excluded women who used oral contraceptives since it has been 

described that this influences hemostatic markers18. We also excluded patients with 

a history of arteriosclerotic disease, as previous studies suggest that asthma is a risk 
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factor for acute coronary syndrome19 and stroke20 which could have an influence on 

the thrombotic state.

Unfortunately, there were outliers of TATc which we had to exclude from analysis. 

The most likely explanation for these outliers is the sensitivity of TATc to blood 

withdrawal technique and workup that could cause artificial TATc generation. The 

thrombin generation assay which was also used is more robust and has been shown 

to have an inter-individual variability of 17.5% suggesting that within an individual 

the ETP is relatively constant over time10. Therefore, based on the results of the 

Calibrated Automated Thrombogram, we think that our results on coagulation status 

in patients with asthma are valid.

There are several mechanisms by which airway inflammation could influence 

coagulation. Firstly, previous studies have shown that eosinophils can express 

prothrombotic factors such as tissue factor21. Also, other cells that are present 

in the asthmatic airways, such as bronchial epithelial cells and mast cells have 

the ability to produce PAI-122,23. Therefore, it is likely that during chronic airway 

inflammation, there is continuous activation of coagulation, disturbing the balance 

towards a prothrombotic state. In our study we observed a correlation between 

the prothrombotic state and neutrophils but not with eosinophils. Apparently, for 

coagulation, eosinophilic inflammation is not the key factor. Neutrophils, on the other 

hand, might be more important in causing an imbalance of hemostasis. Asthma 

patients with neutrophilic or mixed neutrophilic/eosinophilic airway inflammation 

have more severe disease24. However, the neutrophilia could also be a consequence 

of the use of oral corticosteroids. Nevertheless, the neutrophilic component of airway 

inflammation might be the reason why patients with severe asthma are at increased 

risk of venous thromboembolism.

A second mechanism of the prothrombotic state could be related to hypoxia. 

Patients with airway diseases such as asthma have unequal ventilation which may 

lead to hypoxia in particular parts of the lung. Hypoxia has been shown to induce 

systemic inflammation and activation of coagulation25. A two hour hypoxic challenge 

in patients with chronic obstructive pulmonary disease (COPD) led to increased 

levels of TATc and a trend for vWF and D-dimer25. Thus, in patients with asthma 

airway narrowing could locally lead to hypoxic areas in the lung where coagulation 

becomes activated.

A third mechanism of the prothrombotic state might be related to corticosteroid 

use. In patients with asthma, corticosteroids are the mainstay of treatment. A recent 

systematic review showed that use of oral corticosteroids had a significant effect 

on hemostasis by increasing coagulant and reducing fibrinolytic factors5. Moreover, 

a population based case-control study in Denmark showed that current use of 

oral corticosteroids significantly increased the risk of venous thromboembolism 
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(adjusted IRR 2.31; 95% CI 2.18 – 2.45)7. In our study, patients with mild, severe and 

prednisolone-dependent asthma were using different doses of corticosteroids; mild 

persistent asthma patients using the lowest doses, and prednisolone-dependent 

patients the highest doses. Different corticosteroid doses could therefore have 

contributed to the differences in hemostatic abnormalities as observed in the 

different patient groups in our study. Thus, corticosteroid use may add to the 

imbalance of the hemostatic system that is already present in chronic airway 

inflammation. Therefore, clinicians should be aware of the potential hemostatic 

effects when prescribing corticosteroids to patients, especially in patients who 

already have other risk factors of venous thromboembolism such as older age, high 

body mass index or hormone replacement therapy26.

Overall, the results of our study show that in peripheral blood of patients with 

asthma, in particular those with severe disease, a prothrombotic state is present. This 

prothrombotic state is most likely caused by chronic airway inflammation combined 

with the effect of high dose corticosteroids, and may explain the increased risk of 

patients with severe asthma to develop venous thromboembolism.
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Abstract

Background
Recently, endogenous glucocorticoid excess has been identified as a risk factor 

for venous thromboembolism (VTE). Whether exogenous use of glucocorticoids is 

associated with an increased risk of VTE is unclear. We aimed to quantify the risk of 

symptomatic pulmonary embolism (PE) in patients using corticosteroids.

Methods
A case-control study using the PHARMO Record Linkage System, a Dutch population 

based pharmacy registry, was conducted. Cases were 4,495 patients with a first 

hospital admission for PE between 1998 and 2008. Control subjects were 16,802 

sex- and age-matched subjects without a history of PE. International Classification of 

Diseases codes for hospitalization were used to retrieve information on underlying 

conditions.

Results
The risk of PE was highest in the first 30 days of glucocorticoid exposure (adjusted 

OR, 5.9; 95% CI, 2.3-3.9) and gradually decreased with increasing duration of use 

(OR, 1.9; 95% CI, 1.3-2.9) for long-term users (>1 year). Low-dose glucocorticoid use 

(prednisolone daily dose equivalent , 5 mg) carried a twofold increased risk of PE 

(OR, 1.8; 95% CI, 1.3-2.4), whereas a 10-fold increased risk was observed for the 

highest dose of glucocorticoids (prednisolone >30 mg) (OR, 9.6; 95% CI, 4.3-20.5). 

Stratification for both duration and dose of glucocorticoid showed the highest risk 

of PE in recently started users compared with long-term users at the time of PE, 

irrespective of the dose.

Conclusion
Patients treated with oral glucocorticoids may be at an increased risk of PE, 

especially during the first month of exposure. This hypothesis requires confirmation 

in future studies.

Abbreviations: ICD-9 5 International Classification of Diseases, Ninth Revision
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Introduction

Glucocorticoids regulate numerous physiologic processes and are the mainstay of 

treatment for inflammatory disease, autoimmune disease, and cancer.1 Since their 

discovery in the middle of the 20th century, glucocorticoids have become one of the 

most widely prescribed therapeutic agents and are currently used by about 1% of the 

adult population.2 The beneficial effects, however, are accompanied by numerous 

side effects, one of which is an increased risk of cardiovascular morbidity and 

mortality.3,4 Similarly, an increased risk of vascular events was found in patients with 

Cushing syndrome, which is characterized by chronic endogenous glucocorticoid 

excess.5-7 Major contributors to this risk are acute arterial thrombotic events, such 

as myocardial infarction and stroke, which are superimposed on the accelerated 

atherosclerosis accompanying glucocorticoid excess.8,9

Endogenous glucocorticoid excess has long been postulated as a risk factor for 

venous thromboembolism (VTE), which was confirmed in a large cohort study among 

patients with endogenous Cushing syndrome. In this cohort, we found increased 

incidence of VTE both during active disease and after surgery.10 However, it is yet 

to be established whether use of exogenous glucocorticoids is also associated 

with an increased risk of VTE. Several in vitro studies revealed that exogenous 

glucocorticoids enhance both synthesis and secretion of von Willebrand factor 

and plasminogen activator inhibitor-1, suggesting a direct activation of coagulation 

and inhibition of fibrinolysis.11-13 In a recent systematic review by our group, we 

found differential effects of glucocorticoids on the hemostatic system, depending 

on the clinical situation in which the treatment was given.14 It may be very difficult 

to separate the effect of glucocorticoids from the underlying disease; thus, the 

objective of the present study was to quantify the association between the use of 

oral glucocorticoids, including the effect of dose and duration of therapy, and risk of 

symptomatic pulmonary embolism in a population-based case-control study.

Materials and Methods

Setting
Data were retrieved from the PHARMO Record Linkage System (Pharmo Institute, 

www.pharmo.nl), which is a database that contains the demographic details and 

complete medication histories of >2 million community-dwelling residents of 25 

geographic areas in The Netherlands from 1985 onward. These medication histories 

are linked to hospital admission records. Because virtually all patients in The 

Netherlands are registered with a single community pharmacy, pharmacy records 
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for prescription drug use are essentially complete. For the objective of this study, 

drug-prescribing data, including type of drug, dose, and daily use, were used. Drugs 

were coded according to the Anatomic Therapeutic Chemical Classification. In 

addition, hospitalization data were used to ascertain the occurrence of pulmonary 

embolism and concomitant diseases. Hospital admission and discharge were coded 

according to the International Classification of Diseases, Ninth Revision (ICD-9), 

Clinical Modification. The study was approved by the Privacy Committee PHARMO 

(deBoer008; April 9, 2010).

Definition of Cases and Control Subjects
A population-based case-control study was conducted. Cases were defined as 

patients with a first hospital admission for pulmonary embolism between 1998 and 

2008 who were aged ≥18 years at the time of the admission (index date) and who 

had at least a 1-year history in the PHARMO database prior to the index date. For 

each case, up to four control subjects matched for sex, age (±5 years), and index 

date were randomly selected from the PHARMO database through risk-set sampling. 

Control subjects were defined as not having been hospitalized for pulmonary 

embolism prior to the index date of the matched case, which does not exclude 

hospitalization for other reasons. We retrieved data on diagnostic procedures used 

in a random sample of 10% of cases to verify whether the diagnosis of pulmonary 

embolism had been confirmed by objective tests (i.e., CT scan angiography, 

ventilation-perfusion scanning).15,16 Diagnosis was confirmed in >95% of the cases.

Exposure Assessment
For each patient, we identified all prescriptions for oral (systemic) glucocorticoids, 

including cortisone, hydrocortisone, prednisone, prednisolone, triamcinolone, 

methylprednisone, dexamethasone, and betamethasone. Drug exposure was 

categorized according to the timing of use in relation to the index date. Nonusers 

were patients without a registered prescription for glucocorticoids in the 

PHARMO database between 1998 and 2008. Patients either with a prescription 

of glucocorticoids in a 90-day time window prior to the index date or with the 

theoretical end date of an earlier prescription within or after this time window were 

considered current users. If the end date of the last prescription was between 90 

and 365 days prior to the index date, patients were considered former users (Fig 1A).

For current users, we assessed the duration of current glucocorticoid use 

at the index date by calculating the first prescription date and the number of 

consecutive supplies. We categorized duration of use as recent use (index date in 

the first 30 days of exposure), intermediate use (index date between 31 and 365 

days of exposure), and long-term use (index date >1 year of exposure) (Fig 1B). 



87

Only continuous use of glucocorticoids (allowing a 30-day time gap between 

refills) was studied when assessing the influence of duration of use on the risk of 

pulmonary embolism. Daily dose equivalents of prednisolone 10 mg were as follows: 

cortisone 37.5 mg, hydrocortisone 30 mg, prednisone 10 mg, triamcinolone 7.5 

mg, dexamethasone 1.5 mg, and betamethasone 1.5 mg. The cumulative dose was 

obtained by summing all doses before the index date and was classified as missing 

when one or more doses were not registered in the database.

Covariates
ICD-9 codes for hospitalization were used to retrieve information on conditions 

that are potentially associated with a high risk of VTE and were present within 

3 months prior to the index date. These conditions were trauma and fractures, 

malignancy, pregnancy, cardiovascular disease, diabetes, and surgery. Additionally, 

hospitalizations for diseases related to corticosteroid use in the past year were 

noted, including rheumatoid arthritis, inflammatory bowel disease, asthma, and 

COPD. Further, in the 3-month period prior to the index date, use of vitamin 

K antagonists, heparins, antiplatelet agents (i.e., aspirin, clopidogrel bisulfate, 

dipyridamole), and other medications that may either influence the occurrence of 

pulmonary embolism directly or indicate the presence of an underlying risk factor 

for pulmonary embolism (i.e., antibiotics, drugs for obstructive airway diseases, 

antidepressants, hormone replacement therapy, oral contraceptives) were identified 

from medication histories.

Former use
Current use

-365 days -90 days

-30 days

Index date

Index date-365 days

No use
Recent use
Intermediate use
Chronic use

A

B

Figure 1.
Duration of glucocorticoid use prior to the event. A, Timing of use prior to the index date. B, Duration of 
use prior to the index date.
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Data Analysis
Continuous variables are expressed as mean ± SD or median with range, depending 

on the distribution of data. Categorical variables are presented as number (%). The 

strength of the association between glucocorticoid use and pulmonary embolism 

was ascertained by conditional logistic regression analysis that used no use as the 

reference value and was expressed as crude and adjusted ORs with 95% CIs. The 

analysis was stratified for dose and duration of glucocorticoid therapy.

The influence of key potential confounding factors perceived to be important 

was analyzed by evaluating the influence of a potential confounder on the effect 

estimate of the exposure of interest. If a change in crude OR of >5% was found 

for any independent factor, the variable was added to the multivariate model. 

All statistical analyses were performed using SPSS version 17 (IBM Corporation) 

software. The study is reported according to STROBE (Strengthening the Reporting 

of Observational Studies in Epidemiology) guidelines.17

Results

Patient characteristics are shown in Table 1. A total of 4,495 cases and 16,802 control 

subjects were included in the study. Mean age in both cases and control subjects 

was 60 years, and women comprised 57% of both groups. The mean duration of 

years in the database prior to the hospitalization index date was 4.5 years (range, 1-7 

years) for the cases and 7.9 years (range, 1-7 years) for the control subjects.

Use of Glucocorticoids
Current use of glucocorticoids was more frequent among cases (13.1%) than 

control subjects (2.5%), yielding a crude OR of 6.1 (95% CI, 5.3-7.1). Adjustment for 

confounders reduced the risk estimate to an OR of 4.4 (95% CI, 3.8-5.0) (Table 2). 

Former use (cases, 8.4%; control subjects, 6.7%) only moderately increased the risk 

of pulmonary embolism, with an adjusted OR of 1.2 (95% CI, 1.1-1.3). (Table 2).

Duration and Dose of Current Use of Glucocorticoids
Among current users, the risk of pulmonary embolism was highest within the first 

30 days of glucocorticoid use (adjusted OR, 5.9; 95% CI, 2.3-7.9) and gradually 

decreased with longer duration of use. The adjusted OR was 1.9 (95% CI, 1.3-2.9) 

for long-term use (>1 year). The association between glucocorticoids and pulmonary 

embolism varied depending on the dose of glucocorticoids used. A clear dose-

response relationship was observed, with low-dose glucocorticoids carrying a 

twofold increased risk of pulmonary embolism (adjusted OR, 1.8; 95% CI, 1.3-2.4) up 
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to a 10-fold increased risk for the highest daily dose of glucocorticoids (adjusted OR, 

9.6; 95% CI, 4.3-20.5). Table 3 shows the risk of pulmonary embolism stratified by 

dose and duration of use of glucocorticoids. Almost always, the risk of pulmonary 

embolism was highest within the first 30 days of glucocorticoid use, irrespective of 

the dose (Table 3).

Discussion

In this large population-based case-control study of ≥20,000 individuals, we found 

that use of oral glucocorticoids was associated with a fourfold increased risk of 

Table 1. Patient Characteristics

Characteristic
Cases

(n= 4,495)
Control Subjects

(n= 16,802)

Median age (range), y 60.4 (18 - 94) 59.7 (18 - 96)

Female sex 2,561 (57) 9,637 (57)

Mean follow-up prior to index date (range), y 4.5 (1 - 7) 7.9 (1 - 7)

Acquired risk factors for venous thrombosis a

Malignancy 246 (5.5) 77 (0.5)

Pregnancy 13 (0.3) 8 ( <0.1)

Surgery 296 (6.6) 177 (1.1)

Trauma 48 (1.1) 20 (0.1)

Cardiovascular disease 100 (2.2) 151 (0.9)

Diabetes 322 (7.2) 1,203 (7.2)

Diseases related to glucocorticoid use b

Inflammatory bowel disease 25 (0.6) 16 (0.1)

Inflammatory arthritides 42 (0.9) 62 (0.4)

Asthma and COPD 59 (1.3) 55 (0.3)

Medication use c

Heparins 108 (2.4) 33 (0.2)

Antiplatelet drugs 699 (15.6) 2,072 (12.1)

Antibiotics 1,179 (26.2) 1,572 (9.7)

Drugs for obstructive airway diseases 758 (16.9) 1,202 (7.2)

Vitamin K antagonists 169 (3.8) 539 (3.2)

Antidepressants 328 (7.3) 844 (5.0)

Oral contraceptives and hormone replacement therapy 463 (10.3) 1,188 (7.1)

a Hospitalizations ≤90 and ≥1 d prior to index date.
b Hospitalizations ≤365 and ≥1 d prior to index date.
c Medication use ≤90 and ≥1 d prior to index date.
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Table 2. Risk of Pulmonary Embolism Associated With the Use of Glucocorticoids

Variable
Cases

(n = 4,495)

Control 
Subjects 

(n=16,802)

Crude OR a

(95% CI)
Adjusted OR b 

(95% CI)

Glucocorticoids

No use 3,530 (78.5) 15,254 (90.8) Reference Reference

Former use 376 (8.4) 1,120 (6.7) 1.5 (1.3 - 1.7) 1.2 (1.1 - 1.3)

Current use 589 (13.1) 428 (2.5) 6.1 (5.3 - 7.1) 4.4 (3.8 - 5.0)

Duration of current use at time of pulmonary embolism

1-30 d 191 (4.2) 89 (0.5) 9.3 (7.0 - 12.3) 5.9 (2.3 - 3.9)

31-365 d 337 (7.5) 260 (1.5) 6.4 (4.9 - 8.2) 3.9 (3.2 - 5.0)

>1 y 61 (1.4) 79 (0.5) 2.9 (2.0 - 4.1) 1.9 (1.3 - 2.9)

Dose of current use at time of pulmonary embolism

Prednisolone daily dose equivalent c

<5 mg 116 (2.6) 154 (0.9) 3.1 (2.4 - 4.0) 1.8 (1.3 - 2.4)

5-20 mg 228 (5.1) 156 (0.9) 6.7 (5.3 - 8.6) 3.4 (2.3 - 4.7)

20-30 mg 188 (4.2) 106 (0.6) 8.4 (6.3 - 11.0) 5.4 (4.5 - 6.7)

>30 mg 57 (1.3) 12 (0.1) 22.0 (10.9 - 44.6) 9.6 (4.3 - 20.5)

Data are presented as No. (%) unless otherwise indicated.
a Adjusted for age and sex.
b Adjusted for age; sex; hospitalizations (for malignancy, pregnancy, trauma, surgery, inflammatory 
bowel disease, inflammatory arthritides, chronic respiratory failure); and use of anticoagulants, drugs 
for respiratory diseases, antibiotics, antidepressants, and hormone replacement therapy and oral 
contraceptives within 90 days prior to the index date.
c Prednisolone 10 mg daily dose equivalents were as follows: cortisone 37.5 mg, hydrocortisone 30 mg, 
prednisone 10 mg, triamcinolone 7.5 mg, dexamethasone 1.5 mg, and betamethasone 1.5 mg.

Table 3. Duration and Intensity of Current Use of Glucocorticoids and Risk of Pulmonary Embolism

Duration of Current Use at Time of Pulmonary 
Embolism a

Dose of Current Use at Time of Pulmonary Embolism

1-30 d 31-365 d >1 y

Prednisolone daily dose equivalent b

<5 mg 4.5 (2.3-8.9) 2.3 (1.6-3.2) 1.3 (0.8-2.3)

5-20 mg 4.7 (2.7-7.4) 3.8 (3.3-5.9) 3.6 (1.7-6.9)

20-30 mg 6.0 (4.0-8.9) 5.3 (4.4-6.7) 4.3 (1.1-23.3)

>30 mg 8.2 (2.5-26.7) 9.9 (4.4-22.4) …

Data are presented as OR (95% CI).
a Adjusted for age; sex; hospitalizations (for malignancy, pregnancy, trauma, surgery, inflammatory 
bowel disease, inflammatory arthritides, chronic respiratory failure); and use of anticoagulants, drugs 
for respiratory diseases, antibiotics, antidepressants, and hormone replacement therapy and oral 
contraceptives within 90 days prior to the index date.
b Prednisolone 10 mg daily dose equivalents were as follows: cortisone 37.5 mg, hydrocortisone 30 mg, 
prednisone 10 mg, triamcinolone 7.5 mg, dexamethasone 1.5 mg, and betamethasone 1.5 mg.
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pulmonary embolism both in a time- and in a dose-dependent fashion. The greatest 

risk was observed within the first 30 days of glucocorticoid use (sixfold increased 

risk) and for the highest daily dose (10-fold increased risk). However, even among 

low-dose glucocorticoid users, patients were at the highest risk of pulmonary 

embolism within the first month after treatment onset compared with longterm users.

Although a biologic basis for a causal role of glucocorticoids in the development 

of venous thrombosis has frequently been described by means of hypercoagulability 

in both in vitro and in vivo studies,11-13 it remains questionable whether the observed 

association should be interpreted as such or merely reflects the underlying disease 

for which glucocorticoids were prescribed. Many of the underlying disorders are 

inflammatory diseases, which by themselves make patients more prone to venous 

thrombosis. For example, an increased incidence of venous thrombosis has been 

reported in patients with COPD,18-20 heart failure,21 inflammatory bowel disease,22-24 

cancer,25,26 pregnancy,27 and inflammatory arthritides.28-30 It must be noted, however, 

that many of these patients were also treated with glucocorticoids and that the 

referred studies were not designed to separate the influence of underlying disease 

from the influence of steroid therapy. The present observations, consistently point 

toward an increased risk of pulmonary embolism for patients using glucocorticoids, 

and this risk persisted after adjustment for many underlying diseases and 

coprescriptions, which further underlines an association between glucocorticoids 

and pulmonary embolism.

Nevertheless, the findings may be biased as result of confounding by disease 

severity because patients using higher doses of oral glucocorticoids are likely to be 

more severely affected by the underlying disease. Besides, short-term treatment 

with high-dose glucocorticoids often is prescribed for acute exacerbations of chronic 

inflammatory disease, also reflecting (temporary) aggravation of the disease. During 

an exacerbation or aggravation of an underlying disease, a patient may be more 

prone to pulmonary embolism, and glucocorticoids might eventually reduce the risk 

of venous thrombosis by downgrading the inflammatory response. This may explain 

the differences not only in observed risk between high- and low-dose glucocorticoid 

therapy but also between the first month of treatment (active inflammation) and long-

term glucocorticoid use (low-grade inflammation), irrespective of the dose. However, 

one could also postulate that glucocorticoid-induced prothrombotic changes further 

imbalance an already activated hemostatic system against a background of active 

and ongoing inflammation.

Patients with endogenous Cushing syndrome experience a variety of 

complications, such as obesity, dyslipidemia, hypertension, and diabetes. 

Theoretically, both glucocorticoid excess itself and the accompanying complications 

can be the cause of a hypercoagulable state in these patients. In the present study, 
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however, patients seemed to be at the highest risk of pulmonary embolism within the 

first month of treatment, irrespective of the dose of corticosteroids, implying a direct 

effect of glucocorticoid excess because obesity, dyslipidemia, hypertension, and 

diabetes usually only come into play during prolonged exposure to glucocorticoids.

Some of the methodological aspects of this study require comment. The 

study represents a large sample size of a well-defined population with precise 

documentation of drug prescription. The study design, however, has obvious 

limitations inherent to all population-based cohort studies. For example, because 

the diagnosis of pulmonary embolism was derived from ICD-9 codes, some concern 

could be raised about the accuracy of the diagnosis. However, verification of 10% 

of the cases showed that objective methods and international criteria were nearly 

always used in the diagnosis of pulmonary embolism. Additionally, a study on 

the accuracy of ICD discharge diagnosis codes yielded satisfactory sensitivity for 

identifying objectively confirmed pulmonary embolism.17 Further, the diagnoses of 

possible underlying diseases were derived from ICD-9 codes of patients who had 

been admitted to the hospital, raising concern about the completeness of these 

diagnoses because underlying diseases that had only been treated at the outpatient 

clinic were not taken into account. However, medical conditions for which hospital 

admission is not required were identified by medication use.

Another limitation of this study is that it did not investigate deep venous 

thrombosis (DVT). DVT usually does not lead to hospital admission; therefore, it 

was considered a softer end point of venous thrombosis compared with pulmonary 

embolism. Medication non-compliance must be accounted for, yet this would have 

been the case in both cases and control subjects.

Although we acknowledge that the results of this study are hypothesis generating 

rather than definitive, the findings provide more insight into the association between 

glucocorticoid use and the risk of pulmonary embolism. Given the high prevalence 

of glucocorticoids prescribed in all areas of modern medicine, clinicians should be 

aware of this possible association. It would be interesting to unravel the mechanisms 

underlying the association among glucocorticoids, inflammation and disease, 

and venous thrombosis, but it may be clinically irrelevant. Future clinical studies 

are necessary to adequately assess the risks and benefits of glucocorticoid use 

in specific disorders so that the anti-inflammatory, and thus beneficial, effects of 

glucocorticoid treatment can be weighed against the risk of adverse effects, such as 

venous thrombosis.
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Clinical Implications

Patients with severe asthma or asthma exacerbations are at increased risk of 

thromboembolic events because of the combined procoagulant effects of airway 

inflammation and oral corticosteroid use.

Capsule summary

This study shows that oral corticosteroids enhance coagulation and reduce 

fibrinolysis in patients with asthma, despite their anti-inflammatory effect.

Abbreviations

ACQ = asthma control questionnaire

BMI = body mass index

CRP = C-reactive protein

ETP = endogenous thrombin potential

FeNO = fractional exhaled nitric oxide

FEV1 = forced expiratory volume in 1 second

PAI-1 = plasminogen activator inhibitor type 1

PAPc = plasmin-α2-antiplasmin complex

PE = pulmonary embolism

TATc = thrombin-antithrombin complex

vWF = von Willebrand factor
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Abstract

Background
Patients with asthma are at increased risk of pulmonary embolism, which is 

associated with disease severity and asthma exacerbations. Airway inflammation is 

known to activate coagulation. Whether oral corticosteroids also activate coagulation 

and thereby contribute to the increased thromboembolic risk is unknown.

Objective
To determine whether a 10-day oral corticosteroid course enhances coagulation in 

patients with asthma.

Methods
60 patients with stable asthma of varying severity were randomized to receive 

prednisolone 0.5mg/kg (n=30) or placebo (n=30) once daily for 10 consecutive days. 

Changes from baseline in plasma markers of coagulation (thrombin generation 

(peak thrombin and endogenous thrombin potential (ETP)), thrombin-antithrombin 

complexes (TATc)), fibrinolysis (D-dimer, plasminogen activator inhibitor type-1(PAI-1), 

plasmin-α2-antiplasmin complexes (PAPc)), and von Willebrand factor (vWF) 

were compared between the prednisolone and placebo groups. Also changes in 

peripheral blood eosinophils and neutrophils, C-reactive protein (CRP) and fractional 

exhaled nitric oxide (FeNO) were measured.

Results
Compared to placebo, prednisolone increased mean (SD) peak thrombin by 10.6 

(14.8)% (p=0.02), vWF by 20.0 (15.3)% (p<0.001), and PAI-1 by 3.5 (IQR -1.0 – 9.0) ng/mL 

(p=0.04), and decreased PAPc by -53.6 (79.7) µg/L (p=0.04). TATc, ETP and D-dimer 

did not change. Peripheral blood eosinophils, CRP and FeNO decreased, while 

neutrophils increased (all p<0.01).

Conclusions
Oral corticosteroids induce a procoagulant state in plasma of patients with asthma by 

enhancing coagulation and reducing fibrinolysis. This suggests that corticosteroids, 

despite their anti-inflammatory effects, contribute to the increased risk of 

thromboembolic events in patients with asthma.



100

Introduction

There is accumulating evidence that patients with asthma are at increased risk to 

develop thromboembolic events including pulmonary embolism, acute coronary 

syndrome and stroke 1-5. This increased risk is associated with asthma severity and 

severe exacerbations for which courses of oral corticosteroids are indicated1-3, 5.

It is well established that inflammation enhances coagulation in animals and 

humans6, 7. This has not only been shown in sepsis and pneumonia, but also in 

chronic inflammatory diseases, such as inflammatory bowel disease, rheumatoid 

arthritis and asthma. Oral corticosteroids are known to reduce inflammation in 

these patients, and are thereby likely to mitigate the procoagulant state8, 9 However, 

there is also evidence that these drugs may have a prothrombotic effect, as has 

been shown in healthy volunteers10, 11 and in patients using maintenance oral 

corticosteroids for non-inflammatory conditions12. 

Since oral corticosteroids are frequently used in patients with asthma, in particular 

for those with severe disease or severe exacerbations, it is important to investigate 

whether these drugs are prothrombotic despite their anti-inflammatory effects. 

If so, this may have clinical implications. For example, in patients with additional 

risk factors for thromboembolic events, alternative treatment strategies might be 

considered. 

In the present study we hypothesized that oral corticosteroids affect hemostasis 

in patients with asthma. Therefore, we investigated parameters of coagulation, 

fibrinolysis and endothelial activation in patients with stable asthma of varying 

severity after a 10-day oral prednisolone course. In addition, we assessed the effect 

of oral corticosteroids on markers of inflammation in peripheral blood. Some of the 

results of this study have been previously reported in the form of an abstract 13.

Methods

Study design
After a screening visit, eligible patients were randomly assigned in a 1:1 ratio by 

computer-generated randomization to receive either oral prednisolone (0.5mg/kg/

day) or identical placebo tablets for 10 consecutive days. Patients were assessed 

at baseline, and after 1 and 10 days of treatment between 9 and 11 a.m. At all visits, 

venous blood was obtained after 10 minutes rest. Fractional exhaled nitric oxide 

measurement (FeNO) was measured at baseline and at day 10.
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Patients
Adults with asthma were recruited from the pulmonary outpatient clinic of the 

Academic Medical Center in Amsterdam, The Netherlands. Patients had asthma 

diagnosed by a physician with at least 12% reversibility in forced expiratory volume 

in 1 second (FEV1) after 400μg salbutamol and/or airway hyperresponsiveness 

(provocative concentration of methacholine causing 20% fall in FEV1 (PC20) <8mg/ml) 

in the past 5 years. All patients had stable asthma as measured by an Asthma Control 

Questionnaire (Juniper ACQ) score < 1.5 14. Thirty patients had mild-moderate asthma 

according to GINA guidelines (using 250-500µg/day fluticasone or equivalent) 

and 30 had severe asthma according to the IMI international consensus criteria 

(using ≥1000µg/day fluticasone or equivalent)15, 16. All patients were non-smoking or 

had stopped smoking for >1 year with a smoking history of <10 packyears in total. 

Participants were excluded if they had a change in inhaled corticosteroid dose 

within 4 weeks prior to screening or if they used NSAID, heparin, low-molecular-

weight-heparin, vitamin K antagonists, oral contraceptives, or had any concomitant 

disease. The study was approved by the Medical Ethics Committee of the Academic 

Medical Center Amsterdam and all subjects gave their written informed consent. The 

study was part of a research program aimed at investigating risk factors of venous 

thromboembolism in patients with asthma (Netherlands Trail Registry (NTR) 3101).

Study procedures
The study required a strict order in which all the procedures were performed. First, 

after a 10 minute rest, venous blood was obtained with a 19G needle through a 

Vacutainer system from the brachial vein after releasing the tourniquet. The venous 

blood was collected in citrate tubes to evaluate hemostatic parameters. All venous 

blood was sent to the laboratory to be processed within 15 minutes after collection of 

the blood. Venous blood was promptly centrifuged at 1500g for 10 minutes at room 

temperature. After transfer, plasma was re-centrifuged at 3000g for 15 minutes at 

room temperature to prepare cell-free plasma. Plasma was retransferred, mixed and 

transferred in storage tubes and immediately stored at -80˚C until batch analysis.

After collection of the venous blood, FeNO measurement was performed with a 

portable rapid-response chemiluminescent analyzer (flow rate 50mL/s; NIOX system, 

Aerocrine, Sweden) according to the guidelines of the American Thoracic Society17, 

followed by spirometry by a trained lung function technician according to the ERS 

recommendations18.

Measurement of coagulation parameters
Measurements of TATc (Siemens Healthcare Diagnostics, Marburg, Germany), vWF 

antigen (antibodies from Dako, Glostrup, Denmark), PAPc (DRG, Marburg, Germany) 
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and PAI-1 (Hyphen BioMed, Andrésy, France) were performed by ELISA. D-dimer 

levels were determined with a particle-enhanced immunoturbidimetric assay 

(Innovance D-Dimer, Siemens Healthcare Diagnostics, Marburg, Germany). The 

Calibrated Automated Thrombogram® assays the generation of thrombin in clotting 

plasma using a microtiter plate reading fluorometer (Fluoroskan Ascent, ThermoLab 

systems, Helsinki, Finland) and Thrombinoscope® software (Thrombinoscope BV, 

Maastricht, The Netherlands). The assay was carried out as described by Hemker et 

al.19 and the Thrombinoscope® manual. Coagulation was triggered by recalcification 

in the presence of 5 pM recombinant human tissue factor (Innovin®, Siemens, 

Marburg, Germany), 4 μM phospholipids, and 417 μM fluorogenic substrate Z-Gly-Gly-

Arg-AMC (Bachem, Bubendorf, Switzerland). Fluorescence was monitored using the 

Fluoroskan Ascent fluorometer, and peak thrombin level, velocity index and the area 

under the curve (endogenous thrombin potential or ETP) were calculated using the 

Thrombinoscope® software (Thrombinoscope BV). Peak thrombin, velocity index and 

ETP results were normalized to pooled normal plasma.

Measurement of inflammatory parameters in venous blood
In venous blood, eosinophils and neutrophils, and C-reactive protein (CRP) were 

performed by routine laboratory analysis by the clinical chemistry laboratory of 

the AMC. CRP was measured by immunoturbidimetric determination (Cobas 8000; 

Roche Diagnostics GmbH, Mannheim, Germany). Eosinophils and neutrophils were 

counted by Sysmex 5000 (Sysmex Europe GmbH, Norderstedt, Germany).

Sample size calculation
Sample size estimation was based on measurement of TATc in peripheral blood. 

Based on the results by Maeda (comparable inflammatory diseases) and de Kruijf 

(same laboratory) we expected the average TATc in controls to be about 2.56 ng/ml 

(SD 0.82) which we would expect to increase with 33% to 3.3 ng/ml (SD 0.85) after 

treatment with oral prednisolone for 10 days11, 20. A standard deviation of 30% was 

expected based on the same studies and also provided by the manufacturer of the 

commercial kit. With a significance level of 5% and a power of 80% we calculated 

that 15 subjects per group would be sufficient.

Statistical analysis
Continuous variables are expressed as mean +/ – SD. Not normal distributed 

variables were log-transformed before analysis and presented as mean +/ – SD. Log 

transformed continuous variables that were not normally distributed were expressed 

as median with interquartile range. Changes from baseline in TATc, PAPc, vWF, 

D-dimer, PAI-1, peak thrombin, velocity index, ETP, peripheral blood eosinophil and 
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neutrophil counts, levels of CRP and FeNO on days 1 and 10 were analyzed by paired 

or unpaired t-test, or Wilcoxon signed rank sum or Mann Whitney U tests, where 

appropriate. A two-sided p-value<0.05 was considered significant. Analyses were 

performed with SPSS Statistics, Version 21.0. Armonk, NY: IBM Corp.

Results

Sixty-five patients with asthma were enrolled of which 32 were assigned in the 

placebo group and 33 to the prednisolone group. Five patients did not complete 

the study, due to nephrolithiasis (n=1), infection (n=1), pyrosis (n=1) and withdrawal of 

consent (n=2). (Figure 1)

There was a trend toward higher age in the placebo group 50 (SD 15) yr. compared 

to the prednisolone group 43 (SD 14) yr. (p=0.08). More women were included in 

the placebo group as compared to the prednisolone group (11 (37%) vs 20 (67%), 

respectively; p=0.02). All other variables were similar between the two groups. 

Baseline patient characteristics are shown in Table 1.
 

Analysed  (n=30) 
 

Discontinued medication (n=2): 
Infection (n=1) 
 Withdrawal of consent (n=1) 
 

Allocated to placebo (n=32) 
 Received allocated intervention (n=32) 

Discontinued medication (n=3): 
Nephrolithiasis (n=1) 
Pyrosis (n=1) 
Withdrawal of consent (n=1) 
 

Allocated to prednisolone (n=33) 
 Received allocated intervention (n=33) 

Analysed  (n=30) 
 
 

Allocation 

Analysis 

Follow-Up 

Randomized to study 
medication (n=65) 

Enrollment 

Figure 1.
Flow diagram of the study
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Markers of coagulation and fibrinolysis
Measurements of markers of coagulation and fibrinolysis at baseline, day 1 and day 

10 are shown in Table 2. Changes from baseline, expressed as the delta between 

baseline and day 1 or day 10, are presented in table 3. TATc did not change in 

the prednisolone or placebo group (p=0.24 between groups). However, there 

was a change in the peak thrombin and velocity index measured by the thrombin 

generation assay in the prednisolone group, but not in the placebo group. Peak 

Table 1. Baseline patient characteristics.

Placebo Prednisolone

N=30 N=30 p-value

Age (years) * 50 (15) 43 (14) 0.08

Gender (% males) 37% 67% 0.02

BMI (kg/m2) * 26.0 (4.2) 25.8 (4.0) 0.89

Allergy (% yes) 80% 80% 1.00

Never smokers (% yes) 73% 73% 1.00

ACQ score ‡ 1.3 (0.3 – 2.0) 0.8 (0.3 – 1.7) 0.25

FEV1 pre (%) * 95 (20) 91 (18) 0.40

FeNO (ppb) ‡ 24.0 (16.0 – 37.5) 28.5 (15.5 – 40.0) 0.79

*mean ± standard deviation or ‡ median with interquartile range

Table 2. Markers of coagulation and fibrinolysis.

Placebo Prednisolone

N=30 N=30

Baseline Day 1 Day 10 Baseline Day 1 Day 10

vWF, % 112 (47) 108 (48) 109 (46) 103 (35) 109 (30) ^123 (35)

TATc, µg/L* 2.5 (2.2-2.9) 2.5 (2.2-2.7) 2.7 (2.3-3.1) 2.4 (2.2-2.8) 2.6 (2.2-2.8) 2.4 (2.1-2.9)

PAPc, µg/L** 490 (302-955) 457 (257-851) 479 (257-832) ‡398 (257-676) #347 (209-550) †363 (240-676)

PAI-1, ng/mL* 12 (5-15) 13 (5-15) 10 (6-18) 9 (6-13) §12 (7-20) §17 (6-22)

D-dimer, mg/L* 0.29 (0.19-0.41) 0.29 (0.10-0.39) 0.28 (0.18-0.40) 0.27 (0.10-0.36) 0.23 (0.10-0.32) 0.20 (0.10-0.37)

Peak thrombin, % 112 (21) 112 (21) 115 (17) 114 (23) #120 (23) ^125 (19)

Velocity index, % 129 (45) 125 (42) 133 (36) 130 (51) 142 (47) †155 (49)

ETP, % 108 (15) 109 (16) 110 (14) 111 (20) 113 (19) 109 (14)

Mean with standard deviation, * Median with interquartile range or ** geometric mean with 95% 
confidence intervals
vWF von Willebrand factor; TATc Thrombin-antithrombin complexes; PAPc plasmin-α2-antiplasmin 
complexes; PAI-1 plasminogen activator inhibitor type 1; ETP endogenous thrombin potential. vWF, Peak 
thrombin, velocity index and ETP are presented as percentage of normalized pooled plasma.
‡ p<0.05 as compared to placebo; # p< 0.05 as compared to baseline (within group difference); § p<0.01 
as compared to baseline (within group difference); † p=0.001 as compared to baseline (within group 
difference); ^ p<0.0001 as compared to baseline (within group difference)
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thrombin increased in the prednisolone group by 10.6% (SD 14.8) (p=0.02 between 

groups), while velocity index increased by 25.6% (SD 36.6) (p=0.02 between groups) 

(Figure 2). D-dimer did not change in either group (p=0.36 between groups).

PAPc was lower in the prednisolone group as compared to the placebo group at 

baseline (Geometric mean: 398 µg/L (95% confidence interval (CI) 257-676) vs. 490 

µg/L 95% CI (302-955), respectively; p=0.02), and decreased in the prednisolone 

group by 11.5% (geometric mean: -51.4 µg/L) as compared to no change in the 

placebo group (p=0.04 between groups) (Figure 2). PAI-1 slightly increased in the 

prednisolone group by 3.5 µg/mL (IQR -1.0 – 9.0), while no change occurred in the 

placebo group (p=0.01 between groups) (Figure 2).

Von Willebrand factor increased significantly in the prednisolone group 5.1% 

(SD 17.0), but not in the placebo group at day 1 (p=0.02 between groups) and 

increased further at day 10 (20.0% (SD 15.3) (p<0.001 between groups). (Figure 2) As 

gender was not divided equally between both groups, a correction for gender was 

performed by univariate general linear model for all significantly different coagulation 

markers. This model showed that gender did not influence the results.

Inflammatory markers
Changes in inflammatory markers are shown in Table 4. Blood eosinophils decreased 

and neutrophils increased after 1 and 10 days of oral prednisolone use (p<0.0001 

between groups), while CRP and FeNO decreased (p=0.001 between groups).

Table 3. Change in markers of coagulation and fibrinolysis.

Change from baseline at day 1 Change from baseline at day 10

Placebo Prednisolone Placebo Prednisolone

Mean (SD) Mean (SD) p-value Mean (SD) Mean (SD) p-value

vWF, % -3.3 (12.8) 5.8 (16.7) 0.02 -2.7 (16.4) 20.0 (15.3) <0.001

TATc, µg/L 0.04 (0.74) 0.15 (0.71) 0.40 0.35 (1.10) 0.04 (0.82) 0.24

logPAPc, µg/L -0.03 (0.08) -0.04 (0.10) 0.74 -0.01 (0.09) -0.06 (0.09) 0.04

PAI-1, ng/mL* 0.50 (0.0 – 4.0) 3.5 (-2.0 – 9.0) 0.38 0.0 (-2.0 – 2.0) 3.5 (-1.0 – 9.0) 0.01

Ddimer, mg/L* 0.00 (-0.05 – 0.02) 0.0 (-0.05 – 0.00) 0.53 0.00 (-0.04 – 0.02) -0.00 (-0.13 – 0.00) 0.36

Peak thrombin, % 0.4 (11.7) 6.0 (13.0) 0.051 2.4 (12.3) 10.6 (14.8) 0.02

Velocity index, % -3.7 (26.8) 11.9 (32.0) 0.045 4.1 (30.0) 25.6 (36.6) 0.02

ETP, % 1.5 (4.9) 1.9 (5.3) 0.54 1.4 (6.2) -2.7 (10.6) 0.08

* Median, IQR
vWF von Willebrand factor; TATc Thrombin-antithrombin complexes; PAPc plasmin-α2-antiplasmin 
complexes; PAI-1 plasminogen activator inhibitor type 1; ETP endogenous thrombin potential.
vWF, Peak thrombin, velocity index and ETP are presented as percentage of normalized pooled 
plasma.
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Figure 2.
Changes from baseline in hemostatic markers (peak thrombin and velocity index), fibrinolytic markers 
(PAPc and PAI-1) and WF.
(Baseline is set to zero and values are represented as mean and 95% CI; comparison between groups: 
* p< 0.05, ** p< 0.01, *** p< 0.001, **** p< 0.0001; comparison within group from baseline: # p<0.05, ## 
p< 0.01, ### p< 0.001, #### p< 0.0001)
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Discussion

This study shows that a 10-day course of oral prednisolone (0.5mg/kg/day) in patients 

with stable asthma caused a shift in the hemostatic balance to a procoagulant state 

by increasing in vitro coagulation and reducing fibrinolysis. Activation of coagulation 

occurred despite an anti-inflammatory effect of oral prednisolone, as shown by 

a decrease in peripheral blood eosinophils, CRP and exhaled nitric oxide. This 

suggests that the prothrombotic state in asthma patients and the increased risk 

of thromboembolic events not only depends on disease activity, but also on the 

adverse effects of oral corticosteroids.

Our study shows that corticosteroids enhance coagulation in patients with asthma. 

This is in contrast with the results of previous studies in patients with other 

inflammatory diseases such as SLE and connective tissue disease, showing that 

corticosteroids reduced coagulation8, 9. This might be explained by the fact that 

coagulation was studied during acute exacerbations of these diseases. Acute 

exacerbations are associated with intense inflammatory processes, known to have 

a strong procoagulant effect. We included patients with stable disease, to reduce 

the influence of acute inflammation as much as possible. Our results fit in with the 

findings in healthy subjects, showing an increase in coagulation factors after 5 

days of oral dexamethasone10. Our results show a corticosteroid-induced increase 

in vWF, a factor known to be released by (activated) endothelial cells21. This is in 

conflict with the findings from diseases such as SLE and giant cell arteritis, showing 

decreases in vWF9, 22, 23. Most likely this is related to the anti-inflammatory effect of 

corticosteroids acting on the vascular wall, thereby counteracting the procoagulant 

effect of corticosteroids itself. Although isolated studies with corticosteroids in 

healthy subjects showed no change in vWF10, 21, 24, a trend towards an increase in 

vWF was observed in a meta-analysis of these studies25. Finally, our observation of 

Table 4. Inflammatory markers.

Placebo Prednisolone

Baseline Day 1 Day 10 Baseline Day 1 Day 10

Neutrophils, 10E9/L 3.4 (1.1) 3.2 (1.1) 3.2 (1.1) 3.5 (1.0) ⁰5.5 (2.0) ⁰5.8 (2.0)

Eosinophils, 10E9/L* 0.24 (0.18-0.47) 0.26 (0.16-0.48) 0.27 (0.16-0.49) 0.23 (0.13-0.49) ⁰0.09(0.06-0.12) ⁰0.11(0.06-0.16)

CRP, mg/L* 1.5 (0.4-3.5) 1.3 (0.4-3.1) 1.0 (0.4-2.7) 1.2 (0.6-3.9) 1.7 (0.7-2.6) ⁰0.5 (0.3-1.1)

FeNO, ppb 34.1 (23.5) ND 34.4 (21.2) 32.5 (25.5) ND †24.2 (13.9)

Mean with standard deviation or * Median with interquartile range
CRP C-reactive protein; FeNO fractional exhaled nitric oxygen; ND not determined
† p=0.001 as compared to baseline (within group difference)
⁰ p<0.0001 as compared to baseline (within group difference)
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a reduction in fibrinolysis by corticosteroids, shown by the decrease in PAPc and 

increase in PAI-1, is in line with studies in SLE and connective tissue diseases8, 9, 23 

and Cushing’s disease26, 27. Together, these studies show that oral corticosteroids 

enhance coagulation and reduce fibrinolysis, as is evident from studies in healthy 

subjects and patients with stable disease.

Prednisolone induced an increase in thrombin generation (peak thrombin and 

velocity index) in vitro. The thrombin generation test assesses the whole coagulation 

system. It captures the end result of the whole extrinsic coagulation cascade and is 

a therefore a useful reflection of a prothrombotic state. Although we did not see an 

increase in TATc, which reflects actual activated coagulation, the increased thrombin 

generation suggests that activation of coagulation would occur after contact with a 

procoagulant trigger such as exposure to allergens or viruses.

Prednisolone also induced an increase in PAI-1 and a subsequent decrease in PAPc 

in our study, thereby reducing fibrinolysis. Our results fit in with previous studies 

showing an induction of PAI-1 gene expression by dexamethasone in several cell 

lines28-30. A reduction in fibrinolysis, in turn, has been shown to increase the venous 

thromboembolic risk31.

Moreover, an increase in vWF by prednisolone was observed. Corticosteroids 

have been shown to activate endothelial cells and leukocytes in the absence of 

inflammatory stimuli leading to enhancement of vWF gene transcription21, 32. vWF 

binds to factor VIII and plays an important role in platelet adhesion33. Therefore, both 

induction of PAI-1 and enhanced vWF gene expression and secretion can explain the 

shift in hemostatic balance to a procoagulant state as shown in our study.

The procoagulant and anti-fibrinolytic state induced by high dose oral corticosteroid 

treatment has clinical implications. Not only does it provide better insight into the 

mechanisms as to why patients with severe asthma and frequent exacerbations 

are at increased risk for pulmonary embolism1, 2, acute coronary syndrome3, 4 and 

stroke5, but it also suggests that any patient receiving frequent bursts or chronic 

administration of oral corticosteroids is at increased risk to develop thromboembolic 

events34, 35. In a post hoc analysis on our data we identified asthma patients at 

highest risk for prednisolone induced activation of coagulation. We found that 

asthma severity per sé did not influence this risk. However, the presence of 

eosinophilic inflammation, as measured by FeNO and peripheral blood eosinophils, 

did show an increased risk of coagulation activation (data not shown). These findings 

most likely reflect the additive effect of asthmatic inflammation on coagulation. 

Therefore, patients with severe asthma and persistent eosinophilic airway 

inflammation are probably better off with the new anti-inflammatory biologicals, 
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like anti-IL-5 or anti-IL-4/IL-1336, 37. Alternatively, one might consider treatment with 

prophylactic anticoagulants in asthma patients during exacerbations or in those 

receiving chronic oral corticosteroid treatment.

Our study may have some limitations. First the two groups were not well balanced 

as the male/female ratio was different between the two groups. However, by using 

a univariate general linear model the influence of sex did not alter the results. 

Second, we only studied patients with stable asthma, whereas it could be argued 

that the procoagulant effects of corticosteroids may be more important during 

an exacerbation. However, since most studies evaluating corticosteroid effects 

on coagulation and fibrinolysis have been performed during exacerbations of 

inflammatory diseases, we purposely focused on patients with stable disease to 

avoid the confounding effect of acute inflammation on coagulation25.

In conclusion, this study shows that corticosteroids are procoagulant in patients 

with stable asthma by enhancing coagulation and reducing fibrinolysis. This finding 

has clinical implications, in particular for patients with severe eosinophilic asthma 

who require frequent or high doses of oral corticosteroids. These patients are at 

increased risk of thromboembolic events because of the combined procoagulant 

effects of severe airway inflammation and oral corticosteroids. Fortunately, in the 

near future, these patients will benefit from novel anti-inflammatory treatments with 

better safety profile than oral corticosteroids.
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Abstract

Background
Corticosteroids have been associated with an increased risk for venous 

thromboembolism (VTE) in patients treated for inflammatory diseases. It is unclear 

whether the thrombotic risk is induced by the inflammation of the underlying 

inflammatory diseases or whether corticosteroids are prothrombotic as well. 

Considering the widespread use of corticosteroids in clinical practice, it is critical to 

know whether corticosteroids enhance coagulation.

Objective
To investigate whether a 10-day prednisolone burst therapy activates hemostasis in 

healthy individuals.

Methods
Healthy subjects received either 0.5 mg/kg/day of oral prednisolone or placebo. 

Venous blood was collected at baseline, day 1 and day 10 and tested for thrombin-

antithrombin complexes (TATc), D-dimer, plasmin-α2-antiplasmin complexes (PAPc), 

plasminogen-activator inhibitor type-1 (PAI-1), von Willebrand factor (vWF) and 

thrombin generation (peak thrombin, velocity index and endogenous thrombin 

potential (ETP)).

Results
Fifteen subjects received prednisolone and 16 placebo (median age 29 vs. 22 years, 

female 33% vs. 56%, respectively). Peak thrombin and velocity index were higher in 

the placebo group at baseline. After 10 days of treatment, peak thrombin, velocity 

index, PAI-1 and vWF increased in the oral prednisolone group as compared to the 

placebo group (15.8 (SD 16.3) vs. -0.1 (SD 16.1); 41.2 (SD 41.3) vs. -2.3 (SD 42.7); 18.0 

(IQR 8.0 - 37.0) vs. 0.5 (IQR -18.5 - 13.0); 4.0 (IQR -1.0 - 12.0) vs. 0.0 (IQR -2.5 - 1.5), 

respectively, all p<0.05). No changes were observed for TATc, ETP, PAPc and 

D-dimer.

Conclusions
Oral prednisolone induces a procoagulant state in healthy subjects, suggesting 

that corticosteroid treatment may increase thromboembolic risk in patients with 

inflammatory diseases.
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Introduction

Inflammatory diseases such as colitis ulcerosa, rheumatoid arthritis, COPD and 

asthma have been associated with an increased risk for venous thromboembolism 

(VTE)1-4. This increased risk may be related to enhanced inflammation and 

hemostasis5,6, as the thrombotic risk increases with disease exacerbations2,7,8. 

Inflammatory diseases and subsequent disease exacerbations are usually treated 

with corticosteroids.

Corticosteroids have been associated with an increased risk of VTE9,10. 

However the highest risk is described in the first 30 days and with the highest 

doses, which are prescribed for disease exacerbations. Thus, it remains unclear 

whether the thrombotic risk is induced only by exacerbation of the underlying 

inflammatory disease or whether corticosteroids are prothrombotic as well. Whether 

corticosteroids enhance coagulation is still controversial. One study showed 

isolated elevations of clotting factors in healthy subjects after a 5-day course of 

dexamethasone, but evidence of enhanced coagulation was lacking11. Other studies 

have shown a reduction of coagulation by corticosteroids in a variety of inflammatory 

and non-inflammatory conditions12-14.

Considering the widespread use of corticosteroids in clinical practice, it is critical 

to know whether corticosteroids enhance coagulation. If so, these drugs are likely to 

contribute to the reported risk of thrombosis in patients with inflammatory diseases1-4, 

and should be replaced by novel non-thrombogenic anti-inflammatory drugs that are 

now available for many inflammatory diseases15-17. Therefore, in the present study, we 

investigated the effect of a 10-day course of prednisolone, the most commonly used 

oral corticosteroid, on markers of coagulation, fibrinolysis and endothelial activation 

in healthy subjects using a randomized placebo-controlled design.

Methods

Study design
The study was a randomized, double-blind, placebo-controlled study to investigate 

the effect of oral prednisolone on markers of coagulation and fibrinolysis. The study 

was approved by the Medical Ethics Committee of the Academic Medical Center 

Amsterdam (AMC) and all subjects gave their written informed consent. The study 

was registered at the Netherlands trial registry, number NTR3101.
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Study participants
Participants were recruited by flyers and advertisements at universities and sport 

centers in Amsterdam. Eligible participants were healthy individuals without a 

medical history, ≥18 years of age, non-smoking or had stopped smoking for at least 1 

year and had smoked <10 packyears in total. Participants were excluded if they used 

NSAIDs, oral contraceptive drugs or were pregnant.

Intervention
Study participants received either oral prednisolone (0.5mg/kg/day) or identical 

placebo tablets for 10 consecutive days. A dose of 0.5mg/kg/day was chosen as this 

dose most closely resembles the dose usually prescribed for a disease exacerbation. 

Prednisolone tablets contained 5mg of prednisolone. The doses were rounded to 

the nearest dose that could be divided by 5. Study participants were assessed at 

the pulmonary department at the AMC between 8:30 and 10:00 a.m. at baseline, and 

after 1 and 10 days of treatment. Medication compliance was checked by counting 

the returned tablets.

Randomization
Study participants were randomly assigned by a computer generated randomization 

on a 1:1 ratio to either prednisolone or placebo. Both investigators and subjects were 

unaware of the treatment allocation. Deblinding of the randomization occurred after 

the study was completed and the database was locked.

Measurements of coagulation parameters
At all visits venous blood was obtained in glass citrate tubes with a 19G needle 

through a Vacutainer system from the brachial vein after releasing the tourniquet 

after a 10 minute rest. All venous blood was sent to the laboratory to be processed 

within 15 minutes after collection of the tubes. Venous blood was promptly 

centrifuged at 1500g for 10 minutes at room temperature. After transfer, plasma was 

re-centrifugated at 3000g for 15 minutes at room temperature to prepare cell-free 

plasma. Plasma was retransferred, mixed and transferred in storage tubes and 

immediately stored at -80˚C until batchwise analyses.

Measurements of TATc (Siemens Healthcare Diagnostics, Marburg, Germany), 

PAPc (DRG, Marburg, Germany) and PAI-1 (Hyphen BioMed, Andrésy, France) were 

performed by ELISA. D-dimer levels were determined with a particle-enhanced 

immunoturbidimetric assay (Innovance D-Dimer, Siemens Healthcare Diagnostics). 

vWF was determined by ELISA with a polyclonal rabbit anti-human vWF antibody 

(A0082) as catching antibody and a horseradish peroxidase-labeled rabbit anti-

human vWF antibody (P0226) as detecting antibody (both from DAKO, Glostrup, 
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Denmark). vWF results were normalized to pooled normal plasma. The Calibrated 

Automated Thrombogram® assays the generation of thrombin in clotting plasma 

using a microtiter plate reading fluorometer (Fluoroskan Ascent, ThermoLab 

systems, Helsinki, Finland) and Thrombinoscope® software (Thrombinoscope BV, 

Maastricht, The Netherlands). The assay was carried out as described by Hemker et 

al.18 and the Thrombinoscope® manual. Coagulation was triggered by recalcification 

in the presence of 5 pM recombinant human tissue factor (TF) (Innovin®, Siemens 

Healthcare Diagnostics), 4 μM phospholipids, and 417 μM fluorogenic substrate 

Z-Gly-Gly-Arg-AMC (Bachem, Bubendorf, Switzerland). Fluorescence was monitored 

and lag time, peak thrombin level, velocity index and the area under the curve 

(endogenous thrombin potential or ETP) were calculated using the Thrombinoscope® 

software. Peak thrombin, velocity index and ETP results were normalized to pooled 

normal plasma.

Sample size calculation
Sample size estimation was based on measurement of TATc in peripheral blood. 

According to the results of Lehman et al. the average plasma TATc in controls would 

be about 2.56 ng/ml (SD 0.82) and increase with 13% to 2.89 ng/ml (SD 0.87) after 

treatment with oral prednisolone for 10 days19. By including 15 patients per group we 

would be able to detect this expected difference between both groups with a power 

of 80%.

Statistical analysis
Values are represented as means with standard deviation (ETP, Peak thrombin, 

Velocity index) or as medians with interquartile ranges if the distribution was non-

normal after log-transformation (vWF, TATc, PAPc, PAI-1, D-dimer). Changes from 

baseline to day 1 and day 10 were calculated. General linear model was used to 

correct for age. Within group analysis between timepoints were evaluated by paired 

sample t-test or Wilcoxon signed rank test where appropriate. While comparisons 

between both arms of the change from baseline to day 1 and to day 10 and each 

timepoint were calculated by independent samples t-test or Mann Whitney-U test 

where appropriate. Differences were considered significant for all statistical tests 

at p-values less than 0.05. All reported p-values are two-sided. Analyses were 

performed with SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp.
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Results

Subjects
Thirty-three healthy subjects were enrolled in the study and 31 subjects were 

analyzed (Figure 1). Two subjects were lost to the study. One patient developed 

a respiratory infection the day after the baseline, the other patient withdrew his 

consent. The two groups differed slightly with respect to age: median 22 (IQR 21 - 24) 

years in the placebo group and 29 years (IQR 24 - 40) in the prednisolone group 

(p=0.02). All other characteristics were comparable between both groups. Baseline 

characteristics are shown in table 1. Very few side-effects of the treatment were 

reported; the most common complaints were fatigue (n=3), minor insomnia (n=2) and 

dyspepsia (n=2), but these were not different to the placebo group. (Table E1)
 

 

Assessed for eligibility (n=60) 

Excluded  (n=27) 
 Not meeting inclusion criteria (n=17) 
 Declined to participate (n=10) 

Analysed  (n=16) 
 

Discontinued intervention (n=0): 

Allocated placebo (n=16) 
 Received placebo (n=16) 

Discontinued intervention (n=2): 
Infection (n=1) 
Forgot 3rd visit (n=1) 
 

Allocated prednisolone (n=17) 
 Received prednisolone (n=17) 

Analysed  (n=15) 
 

 

Allocation 

Analysis 

Follow-Up 

Randomized (n=33) 

Enrollment 

Figure 1.
Flowchart of the study
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Hemostatic and fibrinolytic markers
TATc, PAPc, PAI-1, D-dimer, vWF and ETP were comparable in both groups at 

baseline. Peak thrombin (prednisolone 100% (SD 16)) vs. placebo 113% (SD 18), 

p=0.03) and velocity index (104% (SD 29) vs. 146% (SD 45) respectively, p=0.005) 

were significantly different at baseline. Absolute and relative values of hemostatic 

parameters for all three time points are presented in table 2.

In both groups, markers of hemostasis and fibrinolysis and vWF did not change 

the first day after start of treatment. Although minor non-significant changes were 

observed in peak thrombin and velocity index in the prednisolone group, velocity 

index remained lower in the prednisolone group as compared to the placebo 

group (p=0.03). At day 10, PAI-1 and vWF were higher in the prednisolone group as 

compared to the placebo group (p=0.004 between groups for PAI-1 and p=0.045 

between groups for vWF). All other markers of hemostasis and fibrinolysis did not 

differ between both groups. (Table 2.)

Compared to baseline, TATc did not change in either group at day 10 (a median 

change of 0.20µg/L (IQR -0.1 – 0.55) in the prednisolone group as compared to 

a median change of -0.10µg/L (IQR -0.60 – 0.60) in the placebo group; (p=0.65 

between groups)). And no change was observed in D-dimer between both groups 

(p=0.55 between groups). (Table 3.) The ETP did not change either in both groups 

at day 10 (prednisolone group: mean change -0.1% (SD 9.7) vs. placebo group 0.8% 

(SD 5.6)). However, thrombin formation increased as peak thrombin increased in the 

prednisolone arm from 100% at baseline to 115% at day 10, a mean change of 15.8% 

(SD 16.3) as compared to no change in the placebo group (mean change -0.1%(SD 

16.1), p=0.01 between groups at day 10). And velocity index increased with a mean 

increase of 41.2% (SD 41.3) in the prednisolone group from 104% at baseline to 146% 

at day 10 as compared to, a mean change of -2.3% (SD 42.7), in the placebo group, 

Table 1. Baseline characteristics of the study population

Placebo Prednisolone

N=16 N=15 p-value

Age (years)* 22 20 - 24 29 24 - 40 0.02

Male (n, %) 7 44% 10 67% 0.20

Race (n, % Caucasian) 13 81% 14 93% 0.32

BMI (kg/m2)* 23.2 22.0 - 26.5 25.1 21.2 - 29.9 0.55

Smoking:

Ex-smoker (n, %) 3 19% 4 27% 0.61

# packyears* 0 0 - 0 0 0 - 1 0.77

*Median, IQR
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(p=0.007 between groups at day 10). (Figure 2) We also performed the thrombin 

generation at 1 pM tissue factor, which showed similar differences.

PAI-1 increased by 80% and a median change of 4.0 ng/ml (IQR -1.0 – 12.0) in 

the prednisolone group while no change occurred in the placebo group (median 

change 0.0 ng/ml (IQR -2.5 – 1.5), p=0.045 between groups. We did not observe any 

change in PAPc (mean change in the prednisolone group -50 (IQR-135 – 157) vs. -25 

(IQR -77 – 79) in the placebo group, p=0.51 between groups). (Figure 3.)

Von Willebrand factor increased by 18% (IQR 8.0 – 37.0) in the prednisolone group 

at day 10 as compared to a mean change of 0.5% (IQR -18.5 – 13.0) in the placebo 

group) (p=0.045 between groups) (Figure 2). The multivariate analysis adjusted for 

age did not materially change the results.

Discussion

This study shows that a 10-day course of prednisolone (0.5 mg/kg/day) induces 

a procoagulant state in healthy subjects, given the enhanced in vitro thrombin 

generation, and the increased levels of vWF and PAI-1. This suggests that oral 

corticosteroid treatment may contribute to the reported thromboembolic risk in 

patients with inflammatory diseases, in particular during exacerbations.

In this study in healthy subjects, the effect of oral corticosteroids on coagulation 

by the use of thrombin generation test was investigated. Both peak thrombin and 

velocity index increased, which is in line with the increases found in factor VII, VIII, 

Table 3. Change in markers of coagulation and fibrinolysis.

Change from baseline at day 1 Change from baseline at day 10

Placebo Prednisolone Placebo Prednisolone

Mean (SD) Mean (SD) p-value Mean (SD) Mean (SD) p-value

vWF, % * -2.5 (-12.5 – 10.5) 3.0 (-4.0 – 15.0) 0.25 0.5 (-18.5 – 13.0) 18.0 (8.0 – 37.0) 0.01

TATc, µg/L * -0.10 (-0.45 – 0.40) 0.0 (-0.30 – 0.10) 0.70 -0.10 (-0.60 – 0.60) 0.20 (-0.10 – 0.55) 0.65

PAPc, µg/L * -9 (-83 – 20) -50 (-106 – 16) 0.42 -25 (-77 – 79) -50 (-135 – 157) 0.45

PAI-1, ng/mL* 0.0 (-1.0 – 1.5) 2.0 (-3.0 – 7.0) 0.28 0.0 (-2.5 – 1.5) 4.0 (-1.0 – 12.0) 0.045

Ddimer, mg/L* 0.0 (0.0 – 0.1) 0.0 (-0.06 – 0.0) 0.14 0.0 (0.0 – 0.08) 0.0 (-0.08 – 0.0) 0.55

Peak thrombin, % -0.6 (9.2) 2.7 (9.9) 0.35 -0.1 (16.1) 15.8 (16.3) 0.01

Velocity index, % -4.2 (29.1) 8.6 (18.1) 0.16 -2.3 (42.7) 41.2 (41.3) 0.007

ETP, % 0.5 (4.5) -0.9 (7.0) 0.51 0.1 (5.6) -0.1 (9.7) 0.95

* Median, IQR
vWF von Willebrand factor; TATc Thrombin-antithrombin complexes; PAPc plasmin-α2-antiplasmin 
complexes; PAI-1 plasminogen activator inhibitor type 1; ETP endogenous thrombin potential.
vWF, Peak thrombin, velocity index and ETP are presented as percentage of normalized pooled 
plasma.
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and XI in healthy subjects11. In contrast, TATc was not influenced in our healthy 

subjects. Another study in 9 healthy subjects evaluated dexamethasone as treatment 

for high altitude edema, and measured TATc and prothrombin fragment 1 and 2 19. 

Also here, no changes in TATc or prothrombin fragment 1 and 2 were observed. Most 

likely the intervention was not sufficient to result in a change in TATc or prothrombin 

fragment 1 and 2. We observed an increase in vWF with prednisolone. This 

contradicts with observations in three other studies in healthy subjects where vWF 

did not change11,20,21. However, a modest trend towards an increase was shown by 

a pooled analysis in the review by van Zaane et al.22 and in patients with Cushing’s 

disease vWF was increased as well23. Finally, we found a small increase in PAI-1 

levels. One study observed the effect of dexamethasone 10mg for 5 days on PAI-1 in 

Figure 2.
Absolute change from baseline at day 1 and day 10 for von Willebrand factor, Peak thrombin, and 
Velocity index. (** p<0.01)
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healthy male subjects and measured no difference in PAI-1 nor D-dimer after 5 days11. 

Two other studies found no effect on PAI-1 in healthy subjects 4 hours after start of 

the infusion with hydrocortisone24,25.

Prednisolone treatment induced an increase in thrombin generation (peak 

thrombin and velocity index) in vitro. The thrombin generation test assesses the 

whole extrinsic coagulation cascade and is a therefore a useful reflection of a 

procoagulant state as it captures thrombin formation. Although we did not see 

an increase in TATc, the increased thrombin generation suggests that activation 

of coagulation occurs after contact with a procoagulant trigger such as disease 

exacerbation. Prednisolone also induced an increase in PAI-1. Our results fit in with 

previous studies showing an induction of PAI-1 gene expression by dexamethasone 

in several cell lines26,27. Unfortunately, the increase in PAI-1 did not result in a 

decrease in D-dimer or PAPc after oral prednisolone.

Finally, an increase in vWF by prednisolone was observed. In the absence of 

other inflammatory factors, corticosteroids seem to activate endothelial cells 

and leukocytes, which results in an enhancement of vWF gene transcription, but 

secretion of vWF is not stimulated21,28. vWF binds to factor VIII and plays an important 

role in platelet adhesion. Therefore, both induction of PAI-1 and enhanced vWF 

gene expression as shown in our study together with the known increase in several 

coagulation factors11 may explain the shift in hemostatic balance to a procoagulant 

state.

Patients with inflammatory diseases are at increased risk to develop venous 

thromboembolism1-3. The risk of VTE is associated with disease exacerbations2,8, 

which are usually treated with corticosteroids. Since corticosteroids induce a 

Figure 3.
Absolute change from baseline at day 1 and day 10 for PAPc and PAI-1.
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procoagulant state, patients with exacerbations and corticosteroids may therefore 

have a particularly high risk to develop VTE, which calls for close observation in 

these cases. Interestingly, patients with organ transplants require corticosteroids 

to prevent organ rejection. It has been shown that replacing corticosteroids by 

other immunomodulating medication reduces the procoagulant state29. Further 

investigation of the effect of corticosteroids in patients with organ transplants and 

inflammatory diseases, especially during disease exacerbations, is required.

The strength of our study was the randomized, double-blind, placebo-controlled 

design with well-defined participants and the measurement of both in vivo and 

in vitro markers of coagulation. Nonetheless, we cannot exclude the influence of 

potential confounding factors in the present outcomes. First, despite randomization, 

the two groups were not well balanced, as age was significantly different. However, 

adjustment for age did not alter the results. Secondly, the study had a relatively 

small sample size, which may have led to a type II error for some of the hemostatic 

variables. However, the influence on thrombin generation and vWF underlines our 

conclusion that corticosteroids induce a procoagulant state. Finally, in the placebo 

group thrombin generation parameters of peak thrombin and velocity index at 

baseline were significantly higher than in the prednisolone group. We cannot explain 

this difference, as all samples were randomly analyzed in a batch before deblinding 

the treatment allocation. Moreover in every batch pooled normal plasma samples 

were run beside the study samples and results of the study samples were normalized 

to the pooled normal plasma samples. However since our a priori analysis was to 

compare the change in hemostasis between both arms we believe that our results 

are real and were not influenced by the baseline differences between the two arms.

In conclusion, 10 days of prednisolone treatment induce a procoagulant state in 

healthy subjects, and may contribute to the VTE risk in patients that receive this 

treatment for exacerbations of inflammatory diseases.
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Table E1. Side effects of medication.

Placebo Prednisolone p-value

Increased appetite 1 1 0.96

Weight gain 0 2 0.13

Dyspepsia 0 2 0.13

Muscle weakness 2 1 0.58

Insomnia 1 2 0.51

Fatigue 0 3 0.06

Mood swing 0 1 0.29

Polyuria 2 1 0.58
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Abstract

Background
Asthma exacerbations are frequently triggered by rhinovirus infections. Both asthma 

and respiratory tract infection can activate hemostasis. Therefore we hypothesized 

that experimental rhinovirus-16 infection and asthmatic airway inflammation act in 

synergy on the hemostatic balance.

Methods
28 patients (14 patients with mild allergic asthma and 14 healthy non-allergic controls) 

were infected with low-dose rhinovirus type 16. Venous plasma and bronchoalveolar 

lavage fluid (BAL fluid) were obtained before and 6 days after infection to evaluate 

markers of coagulation activation, thrombin-antithrombin complexes, von Willebrand 

factor, plasmin-antiplasmin complexes, plasminogen activator inhibitor type-1, 

endogenous thrombin potential and tissue factor-exposing microparticles by fibrin 

generation test, in plasma and/or BAL fluid. Data were analysed by nonparametric 

tests (Wilcoxon, Mann Whitney and Spearman correlation)

Results
13 patients with mild asthma (6 females, 19-29y) and 11 healthy controls (10 females, 

19-31y) had a documented Rhinovirus-16 infection. Rhinovirus-16 challenge resulted 

in a shortening of the fibrin generation test in BAL fluid of asthma patients (t=-1: 706s 

vs. t=6: 498s; p=0.02), but not of controls (t=-1: 693s vs. t=6: 636s; p=0.65). The fold 

change in tissue factor-exposing microparticles in BAL fluid inversely correlated with 

the fold changes in eosinophil cationic protein and myeloperoxidase in BAL fluid 

after virus infection (r = -0.517 and -0.528 resp., both p=0.01).

Rhinovirus-16 challenge led to increased plasminogen activator inhibitor type-1 

levels in plasma in patients with asthma (26.0 ng/mL vs. 11.5 ng/mL in healthy 

controls, p=0.04). Rhinovirus-16 load in BAL showed a linear correlation with the 

fold change in endogenous thrombin potential, plasmin-antiplasmin complexes and 

plasminogen activator inhibitor type-1.

Conclusions
Experimental rhinovirus infection induces procoagulant changes in the airways 

of patients with asthma through increased activity of tissue factor-exposing 

microparticles. These microparticle-associated procoagulant changes are associated 

with both neutrophilic and eosinophilic inflammation. Systemic activation of 

hemostasis increases with Rhinoviral load.
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Introduction

It is increasingly recognized that inflammation and hemostasis are interdependent 

and closely linked processes that can stimulate each other1,2. Many chronic 

inflammatory diseases, including inflammatory bowel diseases3,4, rheumatic 

arthritis5,6, COPD7-9, and sarcoidosis10, are associated with increased coagulability 

of blood. This procoagulant state has also been observed in the airways of patients 

with stable asthma as reflected by increased levels of tissue factor (TF), thrombin-

antithrombin complexes (TATc) and the plasminogen activator inhibitor-1 (PAI-1), as 

well as decreased levels of the natural anticoagulant protein C11. Local activation of 

coagulation may be clinically relevant for asthmatic individuals, because we have 

recently shown that the risk of pulmonary embolism (PE) is increased in severe 

asthma12. Recently a second study on pulmonary embolism and asthma showed not 

only that there is an increased risk to develop PE but that PE was associated with 

disease exacerbations13.

In addition to chronic inflammatory conditions of the lung, viral and bacterial 

infections have been shown to induce pulmonary coagulation as well14. For example, 

elderly patients with proven respiratory viral infection had activated coagulation, as 

shown by increased levels of von Willebrand factor (vWF), plasmin-α2-antiplasmin 

complexes (PAPc), D-dimer and endogenous thrombin potential (ETP)15. In addition, 

respiratory infections were a risk factor for venous thromboembolic events in a large 

cohort from the general population16.

Asthma exacerbations are most often caused by respiratory viruses17,18, in particular 

rhinovirus19. Whether rhinovirus induced airway inflammation synergistically affects 

the hemostatic balance in patients with asthma is as yet unknown.

We hypothesized that rhinovirus infection enhances coagulation and reduces 

fibrinolysis in patients with asthma to a larger extent than in healthy control subjects. 

Therefore, the aim of the present study was to determine the effect of experimental 

rhinovirus infection on coagulation (TATc, TF-activity of microparticles, D-dimer and 

ETP), endothelial activation (vWF) and fibrinolysis (PAPc and PAI-1) in peripheral blood 

and bronchoalveolar lavage (BAL) fluid of patients with mild allergic asthma and 

healthy control subjects. The second aim was to assess the relationship between 

coagulation and fibrinolytic parameters and markers of airway inflammation in BAL 

fluid.
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Methods

Subjects
Patients with mild asthma had a doctor’s diagnosis of asthma and had to meet the 

following criteria: baseline FEV1 > 80% predicted, PC20 (methacholine) < 8.0 mg/

ml, skin-prick test positive for at least one out of 12 common aeroallergens. Healthy 

control subjects had the following criteria: baseline FEV1 > 80% predicted, PC20 

(methacholine) > 16.0 mg/ml, skin-prick test negative for 12 common aeroallergens. 

All volunteers were aged between 18 and 40 years, were non-smoking or had 

stopped smoking more than 12 months ago with ≤ 5 pack years (PY), were negative 

for neutralizing antibodies against rhinovirus type 16 and did not have concomitant 

disease or (chronic) inflammatory condition that would interfere with this study, 

according to the judgment of a pulmonary physician. Patients with asthma were 

not allowed to use asthma medication other than short-acting β2-agonists within 2 

weeks prior to the start of this study until day 6 after rhinovirus infection. Informed 

consent was obtained from each individual before inclusion.

Design and procedure
In a prospective parallel design single center study all volunteers were 

experimentally infected with rhinovirus type 16 (RV16) as described previously20, 

but now with low-dose rhinovirus (10TCID50). In brief, upon retrieval of informed 

consent and subsequent screening, volunteers who met the inclusion criteria 

for healthy individuals or volunteers who met the criteria for mild allergic asthma 

patients underwent a bronchoscopy for baseline measurements. One day later, 

volunteers were experimentally infected with RV16, which has been shown to cause 

mild common-cold symptoms in both healthy individuals and stable allergic asthma 

patients and to evoke a transient exacerbation of asthma symptoms. All volunteers 

were requested to report common cold and asthma symptoms daily until day 14 

after rhinovirus challenge20. Diaries were collected at the final visit. Venous plasma 

and BAL fluid were obtained the day before and 6 days after infection. Before 

bronchoscopy all volunteers had used short-acting β2-agonists. Nasal swabs, 

brushes and BAL fluid to determine rhinovirus infection by PCR were obtained the 

day before and 6 days after infection. Venous blood to check for seroconversion was 

drawn at day 42. See figure 1 for a flow chart of the study. More details are provided 

in the online supplement.

The study was approved by Medical Ethics Committee of the Academic Medical 

Centre in Amsterdam, the Netherlands. The study was registered at the Netherlands 

Trial Register (no. 1677). Written informed consent was obtained from all volunteers.
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The primary objective of the study was to evaluate tryptophan catabolism in 

patients with allergic asthma and healthy subjects and the change in this metabolism 

after experimental rhinovirus infection21. Coagulation was defined as a secondary 

endpoint for this study. Therefore dedicated frozen citrate plasma and BAL fluid 

samples from patients with positive PCR or seroconversion for RV-16 after infection 

were analysed21.

Measurement of coagulation parameters
Measurements of TATc (Siemens Healthcare Diagnostics, Marburg, Germany), 

PAPc (DRG, Marburg, Germany) and PAI-1 (Hyphen BioMed, Andrésy, France), were 

performed by ELISA. D-dimer levels were determined with a particle-enhanced 

immunoturbidimetric assay (Innovance D-Dimer, Siemens Healthcare Diagnostics, 

Marburg, Germany). vWF was determined by ELISA with a polyclonal rabbit anti-

human vWF antibody (A0082) as catching antibody and a horse radish peroxidase-

labeled rabbit anti-human vWF antibody (P0226) as detecting antibody (both from 

DAKO, Glostrup, Denmark).

The presence of coagulant TF-exposing microparticles in BAL fluid was measured 

by a fibrin generation test (FGT) in autologous vesicle-depleted pool plasma as 

described before22. In brief, this assay determines the intrinsic capacity of the 

procoagulant TF-exposing microparticles in any fluid. Microparticles are isolated 

from the fluid by ultracentrifuge. After isolation the microparticles are added to 

autologous vesicle-depleted pool plasma to initiate fibrin formation. The time to 

clot formation decreases with increased procoagulant activity of the TF-exposing 

microparticles in the investigated fluid. The procoagulant activity of microparticles 

(time to clot formation) was measured by a Spectramax microplate reader22. ETP was 

assayed using the Calibrated Automated Thrombogram®. This assay determines the 

generation of thrombin in clotting plasma using a microtiter plate reading fluorometer 

Healthy

Allergic
asthma

Day -1 Day 0 Day 6

Bronchoscopy, 
venous blood

Bronchoscopy,
venous bloodRV16Screening

Day 14 ≥ Day 42

Venous blood
for seroconversion

Figure 1
Studydesign (adapted from ref. 21)
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(Fluoroskan Ascent, ThermoLab systems, Helsinki, Finland) and Thrombinoscope® 

software (Thrombinoscope BV, Maastricht, The Netherlands). The assay was carried 

out as described by Hemker et al.23 and the Thrombinoscope® manual. More details 

are provided in the online supplement.

Measurement of inflammatory parameters in BAL fluid
Leukocytes in BAL fluid were counted and differentiated on Quick Diff stained 

cytospin preparations. IL-8 was determined by Luminex according to the 

manufacturer’s protocol (single-plex IL-8 antibody and reagent kit from Bio-Rad 

Laboratories, Veenendaal, The Netherlands). Myeloperoxidase (MPO) was measured 

by ELISA (Costar, EIA/RIA high-binding plate) using a rabbit anti-MPO (Dako A0398) 

as capture antibody and the biotinylated antibody as detection antibody with a 

well-characterised sample as MPO standard. Eosinophil cationic protein (ECP) was 

measured by ELISA (Nunc, Maxisorp plate) using a monoclonal mouse-anti-human 

ECP capture antibody (clone 614, Diagnostics Development, Uppsala Sweden), ECP 

standard (ImmunoCAP ECP Calibrator. Phadia, Nieuwegein, the Netherlands) and 

a biotinylated polyclonal rabbit-anti-human ECP detection antibody (batch ECP03-

091; Diagnostics Development, Uppsala, Sweden). Both ELISAs were developed 

using streptavidin poly-HRP (M2051, Sanquin, Amsterdam, the Netherlands) and 

tetramethyl-benzidine (TMB, Merck, Darmstadt, Germany).

Statistical analysis
Coagulation was defined as a secondary endpoint. These endpoints were defined 

as the changes from baseline in TATc, vWF, D-dimer, PAPc, PAI-1, and ETP in plasma 

and changes from baseline in TATc, vWF, FGT, D-dimer, PAPc, and PAI-1 in BAL fluid. 

Changes from baseline were calculated by calculating the fold change, which is the 

ratio of pre – and post-interventional scores (for which the following formula was 

used: post-interventional score/ pre-interventional score). Comparisons between 

both time points for each group were calculated by Wilcoxon signed rank test. Fold 

changes between both groups were analyzed by Mann-Whitney U test. Spearman 

rho correlations were used to determine associations between the fold changes 

of coagulation and inflammatory markers in BAL fluid. Linear correlations were 

calculated for the fold changes of coagulation in plasma and BAL fluid and the viral 

load detected in BAL-fluid. Differences were considered significant for all statistical 

tests at p-values less than 0.05. All reported p-values are two-sided. Analyses were 

performed with SPSS 18.0 (Chicago, IL USA).
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Results

In total 28 volunteers (14 patients with mild asthma and 14 healthy controls) were 

included in the study. Out of the 28 patients infected with RV16, 13 patients with mild 

asthma and 11 healthy control subjects had a positive PCR at day 6 (either in BAL 

fluid or in nasal swabs or both) and/or a serologic conversion for RV16 at day 42. Two 

BAL fluid samples were excluded from the analysis as these samples contained >15% 

bronchial and squamous epithelial cells. Therefore disruption of the epithelial barrier 

and subsequent contamination of BAL fluid with plasma cannot be excluded for 

these samples. Clinical and virologic characteristics of patients and controls are 

shown in table 1.

Evaluation of hemostasis and fibrinolysis

Venous plasma

Measurements of hemostatic and fibrinolytic markers in venous plasma at baseline 

and after viral infection are shown in Table 2. Of the procoagulant markers TATc was 

significantly higher in healthy control subjects as compared to patients with mild 

asthma at baseline (p=0.02) as well as after viral infection(p=0.03), whereas D-dimer, 

ETP and the marker of endothelial activation, vWF, did not differ at both time points. 

RV16 did not induce procoagulant changes in plasma as measured by the calculated 

fold changes. (Figure 2A–D)

Table 1. Demographic data of participants*

Healthy controls Mild asthma
p-value

n=11 n=13

Female, n (%) 10 (91) 6 (46) 0.02

Age, years (range) 21 (19-31) 22 (19-29) NS

Oral anticonceptive use, n (%) 4 (36) 3 (23) NS

PC20 (mg/ml), geometric mean (95% CI) >16 2.41 (1.29-4.48) <0.001

FENO (ppb), mean (SD) 23.3 (12.9) 70.0 (36.8) <0.05

FEV1 % pred. (range) 102 (90-121) 101 (80-123) NS

pbFEV1 , % pred. (range) 107 (98-127) 104 (83-129) NS

PCR-positive for RV16 on day 6, n (%) 9 (81) 11 (85) NS

PCR-positive for RV16 on day 6 in BALf, n (%) 3 (27) 7 (54) NS

RV16 neutralization on day 42, n (%) 9 (81) 11 (85) NS

* see online repository for inclusion and exclusion criteria
BALf, Bronchoalveolar lavage fluid; FEV1, Forced expiratory volume in 1 sec; FENO, Fraction of exhaled 
Nitric oxide; PC20, provocative concentration of inhaled methacholine chloride to cause a 20% falling 
in FEV1; RV16, Rhinovirus serotype 16; pb, post bronchodilator.
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The fibrinolytic marker PAPc and PAI-1 did not differ between both groups at 

baseline. Although the fold changes of the fibrinolytic parameters did not change 

significantly (Figure 2E and F), PAPc levels were significantly lower (p=0.047) and 

PAI-1 levels significantly higher (p=0.04) after RV16 infection in asthma patients 

than in healthy individuals. Of the fibrinolytic markers, only PAPc was detectable in 

BAL-fluid. PAPc levels did not differ between both time points nor did the fold change 

from baseline differ between both groups.

Bal-fluid

Amongst the procoagulant markers (TATc, D-dimer), the endogenous capacity of the 

TF-exposing microvesicles (FGT) and the marker of endothelial activation (vWF) only 

TATc and FGT were detectable in BAL-fluid (Table 3). TATc levels in BAL-fluid were 

not different between both groups at baseline and after RV16 challenge nor did the 

fold change from baseline differ between both groups. However, FGT being similar 

in both groups at baseline, shortened in patients with asthma after viral infection 

(t=-1: 706s vs. t=6: 498s; p=0.02), but not in healthy control subjects (t=-1: 693s vs. 

t=6: 636s; p=0.65; table 3) Change from baseline of FGT after RV16 challenge did 

significantly differ between patients with mild asthma and healthy control subjects 

(p=0.04; Figure 3A and B).

Table 2. Hemostatic proteins in plasma

Median levels of hemostatic proteins in plasma

Baseline After viral infection

Control
n=11

Asthma
n=13

p-value 
between 
groups

Control
n=11

Asthma
n=13

p-value 
between 
groups

Markers of coagulation

TATc (ng/mL) 2.4 (1.5 - 4.0) 1.5 (1.4 - 1.5) 0.02 1.95 (1.6 - 2.3) 1.4 (1.3 - 1.5) 0.03

vWF (% of pooled 
plasma)

77.0 (60.0 - 89.0) 99.0 (84.0 - 127.0) 0.07 87.0 (65.0 - 148.0) 127.0 (87.0 - 148.0) 0.19

D-dimer (ng/mL) 221 (112 - 422) 146 (127 - 173) 0.39 143 (113 - 317) 163 (144 - 230) 1.00

ETP (nM.min) 1653 (1340 - 1663) 1446 (1290 - 1644) 0.25 1660( 1351 - 1743) 1494 (1321 - 1645) 0.19

Markers of fibrinolysis

PAPc (ng/mL) 385 (261 - 618) 327 (276 - 391) 0.17 534 (311 - 786) 320 (303 - 467) 0.047

PAI-1 (ng/mL) 13.0 (11.0 - 21.0) 16.0 (12.0 - 24.0) 0.28 11.5 (9.0 - 16.0) 26.0 (15.0 - 33.0)* 0.04

Numbers are medians with IQR in parentheses
von Willebrand factor is expressed as percentage of normal pool plasma.
* p < 0,05 versus baseline
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Figure 2
Fold changes in hemostatic proteins and endogenous thrombin test in venous plasma after RV16-
infection. Plasma levels in healthy (white) and asthmatic (grey) individuals. A: vWF, B: TATc, C: F: ETP, D: 
D-dimer, E: PAPc, F: PAI-1. Box and Whisker diagram with medians and interquartile ranges.

Table 3. Hemostatic proteins and fibrin generation test in BAL-fluid

Median levels of hemostatic proteins in BAL-fluid

Baseline After viral infection

Control
n=10

Asthma
n=13

p-value 
between 
groups

Control
n=11

Asthma
n=12

p-value 
between 
groups

FGT (s) 693 (486 - 853) 706 (513 - 855) 0.88 636 (541 - 859) 498(399 - 596)* 0.053

TATc (ng/mL) 0.70 (0.25 - 4.43) 0.80 (0.50 - 2.10) 0.85 0.50 (0.25 - 0.60) 0.75 (0.53 - 2.73) 0.058

PAPc (ng/mL) 34.5 (30.0 - 53.0) 44.0 (37.0 - 45.5) 0.15 34.0 (30.0 - 55.0) 42.5 (38.3 - 47.0) 0.14

Numbers are medians with IQR in parentheses
* p < 0,05 versus baseline
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Associations between coagulation and inflammatory parameters.
As compared to healthy control subjects, patients with mild asthma had significantly 

higher levels of eosinophils (Median 1.0% vs. 0.25%, resp. p<0,01) and ECP (Median 

286 pg/ml vs. 159 pg/ml, resp. p<0,05) at both timepoints. Asthmatic individuals 

showed an increase in ECP (Median 286 pg/ml to 507 pg/ml after viral infection, 

p=0.04) and IL-8 (Median 0.34 pg/ml to 1.42 pg/ml after viral infection, p=0.04) in 

BALF after rhinovirus exposure [21]. However the fold changes from baseline after 

infection did not change significantly between both groups (ECP p= 0.10 and for IL-8 

p=0.10).

Spearman correlations were calculated to explore possible associations between 

hemostatic and inflammatory markers. At baseline, both FGT and TATc showed a 
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Figure 3
Fold changes in hemostatic proteins and fibrin generation test in BAL-fluid after RV16-infection.
BALF levels in healthy (white) and asthmatic (grey) individuals of A: FGT, B: TATc, C: PAPc. Box and 
Whisker diagram with medians and interquartile ranges.

Table 4. Correlations between fold changes of inflammatory and hemostatic parameters in BAL-
fluid after viral infection.

Spearman’s Correlation coefficient

FGT TATc PAPc

Eosinophils -0.103 0.363 0.190

ECP -0.517* 0.465* 0.233

Neutrophils -0.434* 0.632** 0.217

MPO -0.528* 0.806*** 0.370

IL-8 -0.413 0.579** -0.006

Significance level: *< 0.05; **<0.01; ***<0.001.
MPO myeloperoxidase; ECP eosinophil cationic protein; FGT fibrin generation test; TATc thrombin-
antithrombin complex; PAPc plasmin-antiplasmin complex
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weak correlation with IL-8 (RIL-8= –0.455 for FGT (p= 0.03) and RIL-8=0.461 for TATc, 

both p=0.02). No correlations were found for ECP nor for MPO. After viral infection, 

the fold changes of FGT and TATc in BAL-fluid showed a significant correlation with 

ECP and MPO, while TATc also correlated with IL-8 in BAL-fluid (Table 4). Figures of 

these associations are shown in the online supplement.

Associations between RV-load in BAL fluid and hemostatic proteins in 
plasma and BAL fluid.
RV-16 was detected in BAL fluid in 7 asthmatic patients and 3 healthy controls. Only 

the mild asthmatic patients were analysed as the group of healthy controls was 

too small. ETP showed a significant linear correlation with RV16-load in BAL fluid 

(Figure 4, R2=0.7409 p=0.01). PAI-1 also showed a significant positive linear correlation 

with RV16-load (R2=0.8559, p=0.003), while an inverse linear correlation with PAPc 

was found (R2= 0.5283, p=0.06). vWF did not show a significant correlation, because 
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Figure 4
Fold changes in hemostatic proteins and endogenous thrombin test in venous plasma versus RV-16 
load in BAL fluid. A: vWF, B: ETP, C: PAI-1 and D: PAPc. Scatter-dot diagram with interpolation line. 
(*p<0.05, ** p<0.01)
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of a single outlier (Figure 4A, R2=0.1176, p=0.46) When the outlier was omitted from 

the analyses, the relationship was very significant (R2=0.982, p=0.0001). The fold 

change in TATc and D-dimer did not correlate in these patients with the RV16-load in 

BAL fluid, nor did the hemostatic markers in BAL fluid correlate with the viral load in 

BAL fluid.

Discussion

This study shows that rhinovirus infection in patients with mild asthma, but not in 

healthy subjects, increases procoagulant activity in the pulmonary environment 

as evidenced by increased microparticle-associated TF activity (FGT) in BAL fluid. 

Moreover, fold changes in eosinophil cationic protein and myeloperoxidase were 

both associated with the fold changes in FGT and TATc levels in BAL fluid after viral 

infection. This suggests that rhinovirus infection increases the local procoagulant 

activity in the airways through both eosinophilic and neutrophilic airway 

inflammation. In addition to local procoagulant activity, RV16-load showed linear 

correlations with markers of fibrinolysis and hemostatic activity in plasma.

This is the first study investigating the effect of experimental virus infection on 

activation of coagulation in patients with asthma. We observed an increase in the 

intrinsic capability to coagulate in BAL fluid, which is associated with eosinophilic and 

neutrophilic inflammation. This confirms previous studies showing that inflammatory 

and allergic asthma exacerbations induce coagulation in the airways as reflected by 

increased levels of TATc, TF activity and factor Xa24-34. Both fibrin and thrombin have 

been implicated in airway hyperresponsiveness and allergic airway inflammation35, 

which may be the result of inactivation of surfactant and/or the formation of 

sputumplugs36.

The increase in procoagulant activity in patients with asthma after rhinovirus 

infection can be explained by several mechanisms. Firstly, coagulant TF-exposing 

microparticles are likely to play a key role in the local activation of coagulation in 

the airways of asthmatic individuals, since these microparticles have been shown 

to be indispensable to initiate coagulation through the extrinsic pathway22. Besides 

activation of coagulation, microparticles have been shown to be mediators of 

inflammation during infection6,37.

TF-exposing microparticles derived from eosinophils and neutrophils have 

been described in related eosinophilic diseases, like Churg Strauss vasculitis and 

bullous pemphigoid38-40. However, eosinophils as the potential source of coagulant 

TF-exposing microparticles remain controversial, since TF mRNA is below the 
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detection limit in both resting and stimulated eosinophils41,42. Monocytes may be able 

to transfer TF to microparticles originating from eosinophils and neutrophils. This 

may explain the associations we observed in BAL-fluid between FGT and TATc with 

ECP and MPO and fits with the observation by Bouwman et al.25 that virus-infected 

monocytes show a higher TF expression.

This study extends the role of increased procoagulant activity as described in 

previous studies to infectious aetiologies of asthma exacerbation31,32. For example, 

we observed a decreased fibrinolysis in plasma of patients with mild asthma after 

RV16 infection, while markers of fibrinolysis were undetectable in BAL fluid. In 

addition, we observed linear correlations between RV16-load in BAL-fluid and 

systemic PAI-1 and ETP and an inverse correlation with systemic PAPc were found. 

Two possible explanations could be provided for these differences in plasma. 

First, IFN-γ treatment has been shown to decrease levels of PAI-1 in healthy 

controls43,44. Since interferon production in patients with asthma has been shown to 

be impaired45-47 this might explain the increased levels of PAI-1 in the present study. 

Although systemic fibrinolysis is impaired in patients with mild asthma, TATc levels 

in plasma were higher in healthy control subjects, while the systemic fold changes 

from baseline in TATc, ETP, vWF and PAI-1 are increased in the mild asthmatic group. 

A possible explanation may be that there is no suitable trigger at baseline leading to 

decreased TATc levels in plasma of patients with mild allergic asthma. Whether there 

are compensatory mechanisms leading to lower TATc levels in plasma of asthmatic 

individuals as compared to healthy individuals is as yet unknown and may be subject 

for further research. It is important to note that after infection with a mild rhinovirus 

infection the changes from baseline in plasma are larger in the mild asthma group 

than in the healthy group and illustrates the increased capability for coagulation.

Secondly, the linear correlations between RV16-load in BAL-fluid and systemic 

PAI-1 and ETP and inverse correlation with systemic PAPc observed for patients 

with mild asthma point towards endothelial activation by RV16. vWF and PAI-1 are 

stored in endothelial cells48. Quiescent endothelial cells are generally driving the 

hemostatic balance in favour of fibrinolysis through activated protein C generation 

and production of tissue-type plasminogen activator. Upon a stimulus, for example 

an infection, this balance is changed into a procoagulant state by release of amongst 

others vWF and expression of PAI-148,49. Our current study points towards activation 

of endothelial cells by rhinovirus, although it is unclear whether the activation is 

directly or indirectly. Endothelial cells express intercellular adhesion molecule 1 

(ICAM-1), which is not only an important molecule for leukocyte adhesion48, it is also 

the receptor for rhinovirus to infect human cells50. However, the linear correlation 

between rhinovirus in the airway lumen and procoagulant activity in plasma points 

towards indirect activation of endothelial cells by rhinovirus, for example through an 
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inflammatory mediators produced by airway epithelial cells50. Either way, activation 

of the endothelium results in an increase of PAI-1 and vWF. The increase in PAI-1 

may explain the decrease in PAPc51, while the increase in ETP might be explained by 

the increased levels of factor VIII52,53 commonly associated with an increase in vWF 

and other pro-coagulants54. Both impaired IFN production and endothelial activation 

may play a role in the increased systemic hemostatic activity found in patients 

with mild asthma. Our results are in line with previous studies about the activation 

of hemostasis in healthy controls in vitro (viral infection of endothelial cells and 

monocytes)55,56 and in vivo (elderly patients with acute respiratory tract infections)57.

The strength of our study is the experimental design, which provided standardized 

exposure and comparable time points of post-infection sampling. In addition, 

the patients were free of steroids, which may affect inflammatory and coagulant 

outcomes. However, we cannot exclude the influence of potential confounding 

factors in the present outcomes. First, the male/female ratio was different between 

the two groups, with more female subjects in the control group than in the group of 

patients with asthma. Since many women used oral contraceptives, this might have 

influenced coagulation activity58,59. However, we do not think that this factor biased 

our results since oral contraceptive users were equally distributed between the two 

groups and fibrinolysis was only impaired in patients with asthma.

Secondly, we did not observe significant changes for some relevant coagulation 

parameters in BAL fluid and plasma. This might relate to the mild nature of the 

experimental rhinovirus infection (i.e. low infectious dose and mild rhinovirus strain). 

We used this method to infect volunteers because it most closely resembles the 

natural course of rhinovirus infection. In addition, the procedure has been proven 

to be safe in patients with mild asthma and resulted in increase in common cold 

symptoms in both asthmatic and healthy individuals. The effects on coagulation are 

likely more pronounced after a rhinovirus-induced exacerbation in patients with 

moderate to severe asthma or in more severe disease exacerbations (i.e. influenza).

Another explanation for the non-significant changes of coagulant parameters in 

BAL fluid and plasma could be the use of short-acting beta-2-agonists. Although 

it is suggested that beta-2 agonists may have a small anti-inflammatory effect60,61, 

we believe this has not influenced our results as both groups of volunteers used 

salbutamol during the spirometry test just before the bronchoscopy with BAL.

Thirdly, the study was limited by the fact that some hemostatic parameters were 

below the detection limit in BAL fluid which could be explained by the timing of the 

second bronchoscopy and/or the dilution involved with bronchoalveolar lavage. 

This is a common problem often encountered and difficult to circumvent in this type 

of studies due to the dilution involved with bronchoalveolar lavage. Still, our data 
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provides evidence of increased procoagulant activity in the airways of patients with 

asthma after viral infection, which correlates with inflammation, and thus matches 

with our hypothesis.

And finally, one could argue that a larger study population would have shown more 

procoagulant activity and systemic procoagulant changes. Based on our present 

findings, we calculated that we would need more than 1000 volunteers to reach 

statistical significance, which is neither ethical nor feasible. Evaluation of coagulation 

after rhinovirus infection in patients with more severe asthma would be more 

relevant as these patients are more at risk for venous thromboembolism12.

Although this study is observational in nature, the findings of the present study may 

have important clinical implications. Patients with asthma have an increased risk of 

pulmonary embolism12,13 which is associated with asthma exacerbations13. Our results 

indicate for the first time that even a mild rhinovirus infection in patients with mild 

asthma induces procoagulant activity in the airways and a possible systemic increase 

in hemostatic activity. One could hypothesize that patients with severe asthma have 

more procoagulant activity and could therefore be at increased risk to develop acute 

thromboembolic events due to rhinovirus infections. In this perspective, it would be 

required to further investigate a potential causal relationship between coagulation 

and eosinophilic inflammation in asthmatic airways and to further explore the nature 

of TF-bearing microparticles in patients with asthma. Furthermore, follow-up studies 

should focus on activation of hemostasis in patients with moderate to severe asthma 

as well as procoagulant changes induced by influenza and respiratory syncytial 

virus (RSV), as both influenza and RSV are frequently isolated in patients that are 

hospitalized for their asthma exacerbation18.

Conclusions

In conclusion we have provided evidence of local procoagulant activity after 

rhinovirus infection in the airways of patients with asthma, which is associated 

with the intensity of eosinophilic and neutrophilic airway inflammation. As 

rhinovirus infection is a very common trigger of asthma exacerbations the clinical 

consequences of this induction of procoagulant activity deserve further investigation, 

in particular in patients with severe asthma who have already an increased risk of 

myocardial infarction, stroke and venous thromboembolism12,62.
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List of abbreviations

BAL Bronchoalveolar lavage

COPD Chronic Obstructive Pulmonary Disease

DD Doubling doses of methacholine

ECP Eosinophil cationic protein

ELISA Enzyme-linked Immunosorbant Assay

ETP Endogenous thrombin potential

FENO Fraction of exhaled Nitric oxide

FEV1 Forced Expiratory Volume in 1 second

FGT Fibrin generation test

ICAM-1 Intercellular adhesion molecule 1

IFN-γ Interferon gamma

IL-8 Interleukin 8

IQR Interquartal range

mRNA Messenger Ribosomal Nucleic Acid

MPO Myeloperoxidase

pb Post bronchodilator

PAI-1 Plasminogen activator inhibitor-1

PAPc Plasmin-α2-antiplasmin complexes

PC20  Provocative concentration of inhaled methacholine to cause a 20% falling in 

FEV1

PCR Polymerase Chain Reaction

PE Pulmonary embolism

PY Packyears

RSV Respiratory Syncytial Virus

RV16 Rhinovirus type 16

TATc Thrombin-antithrombin complexes

TF Tissue factor

vWF von Willebrand factor
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Methods

Inclusion and exclusion criteria
Inclusion criteria:

General:
§ Aged between 18-40 years

§ Non-smoking or stopped smoking more than 12 months ago and 5 pack years or less

§ Able to give written and dated informed consent prior to any study-specific 

procedures

Asthmatic patients:
§ Baseline bronchial hyperresponsiveness to methacholine PC20 < 8.0 mg/ml1

§ Skin-prick test positive to common allergens

§ Clinically stable, for patients with mild asthma this means no exacerbations within 

the last 6 months prior to the study, as indicated by a course of systemic steroids 

or antibiotics.

§ FEV1 at baseline at least 70% of the predicted value

§ Patients are treated with inhaled beta-2-agonists on demand only and have not 

used (inhaled) steroids for at least 2 weeks prior to the study.

§ No other clinically significant abnormality on history and clinical examination

Healthy subjects:
§ FEV1 at baseline at least 80% of the predicted value

§ Baseline PC20 methacholine >16.0 mg/ml

§ Skin-prick test negative to common allergens.

Exclusion criteria:

§ Circulating antibodies against RV16.

§ In close contact with young children (< 2 years), either professional or family 

related.

§ Use of heparin, LMWH, NSAID or vitamin K antagonists.

§ Women who are pregnant or lactating or who have a positive urine pregnancy 

test at screening

§ Concomitant disease or condition which could interfere with the conduct of the 

study, or for which the treatment might interfere with the conduct of the study, or 

which would, in the opinion of the investigator, pose an unacceptable risk to the 

patient in this study

§ Unwillingness or inability to comply with the study protocol for any other reason
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Clinical procedures

Virus detection.

Rhinovirus and other respiratory viruses were detected by measuring viral load and 

polymerase change reaction (PCR) according to previously established protocols2. 

Viral load was determined by standard cell-culture techniques (culture in LLC-MK2, 

Hep2 and HEL cells, also to exclude intercurrent viral infection)3. In addition, RNA 

was extracted using Trizol to determine viral load by real-time quantitative PCR4.

Pulmonary function test

Spirometry and methacholine provocation test were performed according to 

European Respiratory Society (ERS) recommendations using a Jaeger pneumotach5.

Bronchoalveolar lavage and venous blood collection

Bronchoalveolar lavage and citrate-anticoagulated blood (0.32%) were collected 

from the study population at day -1 and day 6. Bronchoscopy was performed by 

an experienced pulmonologist using a flexible fiberoptic videobronchoscope 

as described previously6. Bronchoalveolar lavage fluid (BALF) was obtained by 

instillation of eight aliquots of 20 ml of prewarmed 0.9% NaCl and aspirated 

immediately by slow suction. Peripheral venous blood was obtained with a 19 gauge 

needle through a Vacutainer system from the brachial vene.

BALF and blood were centrifugated at 1800G for 20 minutes at 4°C to prepare cell-

free BALF and plasma. After centrifugation the BALF and plasma were immediately 

frozen at -80°C until use.

Analysis of coagulation parameters

Analysis of Microparticles/exosomes

Microparticles and exosomes were isolated from BALF after centrifugation for 30 

minutes at 18,890 g and 4 °C. After isolation the microparticles were added to normal 

pool plasma with antibodies against either human TF or coagulation factor VII(a) to 

inhibit the extrinsic coagulation pathway, and, as control, an antibody against human 

coagulation factor XII(Sanquin). The pool plasma was depleted from endogenous 

vesicles by ultracentrifugation (1 hour at 154,000 g) before use. This plasma (84 µl) 

was then mixed with the isolated microparticles plus either saline (3 µl) or antibody 

(3 µl), and incubated for 5 minutes at 37 °C in a 96 well plate. Clotting was initiated 

by addition of CaCl2 (15 µl; 0.1 M). Fibrin (clot) formation was monitored by measuring 

the optical density of the plasma (λ = 405 nm) on a Spectramax microplate reader 

(Molecular Devices Corp.; Sunnyvale, CA) at 37 °C for 1 hour. In addition, also the 
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ability of BALF to trigger coagulation was studied directly, i.e. by addition of BALF 

directly to vesicle-depleted normal pool plasma in the presence or absence of 

before-mentioned antibodies.

Although one could argue that freezing may change TF activity by inverting the 

orientation of the microparticles, our experience is that a single freeze-thaw cycle 

does not affect the ability of microparticle-exposed TF to initiate coagulation (R. 

Nieuwland, personal communication).

Measurement of coagulation and fibrinolytic parameters

Measurements of thrombin-antithrombin complexes (TATc) (Siemens Healthcare 

Diagnostics, Marburg, Germany), plasmin-α2-antiplasmin complexes (PAPc) (DRG, 

Marburg, Germany), and plasminogen activator inhibitor-1 antigen (PAI-1) (Hyphen 

BioMed, Andrésy, France) were performed by ELISA. vWF was determined by ELISA 

with a polyclonal rabbit anti-human vWF antibody (A0082) as catching antibody 

and a horse radish peroxidase-labeled rabbit anti-human vWF antibody (P0226) 

as detecting antibody (both from DAKO, Glostrup, Denmark). D-dimer levels were 

determined with a particle-enhanced immunoturbidimetric assay (Innovance D-Dimer, 

Siemens Healthcare Diagnostics, Marburg, Germany).

The Calibrated Automated Thrombogram® assays the generation of thrombin 

in clotting plasma using a microtiter plate reading fluorometer (Fluoroskan 

Ascent, ThermoLab systems, Helsinki, Finland) and Thrombinoscope® software 

(Thrombinoscope BV, Maastricht, The Netherlands). The assay was carried out as 

described by Hemker et al.7 and the Thrombinoscope® manual. Coagulation was 

triggered by recalcification in the presence of 5 pM recombinant human tissue factor 

(Innovin®, Siemens, Marburg, Germany), 4 μM phospholipids, and 417 μM fluorogenic 

substrate Z-Gly-Gly-Arg-AMC (Bachem, Bubendorf, Switzerland). Fluorescence 

was monitored using the Fluoroskan Ascent fluorometer (ThermoLabsystems, 

Helsinki, Finland), and the ETP (endogenous thrombin potential, area under the 

curve of the thrombogram), peak thrombin and lag time were calculated using the 

Thrombinoscope® software (Thrombinoscope BV).

Results

The association between fold changes of inflammatory parameters and hemostasis 

and fibrinolysis is shown in figure E1.
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Figure E1
Associations between fold changes of inflammatory parameters and hemostatic proteins and fibrin 
generation test in BAL-fluid after RV16-infection.
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Summary

Background of the thesis
Clinical observations by asthma experts suggested that patients with severe asthma 

were at increased risk to develop venous thromboembolism (VTE). This is in line with 

findings in other inflammatory diseases like colitis ulcerosa and rheumatoid arthritis. 

It is well known that inflammation and hemostasis are closely linked and highly 

integrated systems. Inflammation almost inevitably leads to activation of hemostasis 

and vice versa. Therefore, the first part of this thesis focussed on the interaction 

between asthmatic inflammation and hemostasis. Clinical and physiological 

relevance for this interaction is investigated in a cohort of 648 patients with 

moderate to severe asthma, and in an observational study of 93 patients with asthma 

and 33 healthy subjects. In the second part attention is shifted to the main treatment 

of asthma exacerbations, oral prednisolone. In the first chapter of the second part 

of this thesis the clinical relevance is investigated in a large patient cohort. In the 

following two chapters the physiological interaction between hemostasis and oral 

prednisolone is investigated in a randomized double blind placebo controlled clinical 

study in patients with asthma and healthy subjects. Finally, in part three, the effect 

of specific asthma exacerbations on hemostasis is investigated in an observational 

study of a mild rhinovirus infection in patients with mild asthma and healthy subjects. 

The main results and conclusions, and implications are summarized below.

Summary of the studies
In the first part of this thesis we have reviewed the current literature on asthmatic 

airway inflammation and hemostasis in CHAPTER 2. Patients with asthma display 

signs of enhanced activation of coagulation in their airways upon allergen challenge, 

platelet activation, impaired function of the anticoagulant system (protein C and 

antithrombin III) and attenuated fibrinolysis. Protease activated receptors (PARs) have 

been identified as the link between coagulation and inflammation in experimental 

asthma. PAR2 activation, either by clotting proteases or proteases expressed by 

common allergens, contributes to disease severity.

In CHAPTER 3 we investigated the incidence of deep-vein thrombosis (DVT) 

and pulmonary embolism in outpatients with mild-moderate and severe asthma, 

and compared the incidence rates to an age-, and gender-matched reference 

population. 648 patients with asthma (283 with severe and 365 patients with 

mild-moderate asthma) visiting 3 Dutch outpatient asthma clinics, were studied. All 

patients completed a questionnaire about a diagnosis of deep-vein thrombosis and 

pulmonary embolism in the past, their risk factors, history of asthma and medication 

use. All venous thrombotic events were objectively verified. In this study we 
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described that patients with asthma, especially severe asthma, are at increased risk 

to develop pulmonary embolism but not DVT. In patients with severe asthma this 

risk is even 8.9 times higher than in the general population. This increased risk is 

associated with asthma severity (hazard ratio 3.3) and use of oral glucocorticosteroid 

use (hazard ratio 2.8). These results suggest that the incidence of pulmonary 

embolism is increased in patients with severe asthma, particularly in patients using 

oral corticosteroids.

In CHAPTER 4 we further investigated the effect of asthma severity on hemostatic 

activation in a cohort of 93 patients with stable asthma of different severities and 

33 healthy subjects. We compared markers of hemostasis and fibrinolysis and the 

thrombin generation test between healthy subjects and patients with mild asthma, 

severe asthma and severe prednisolone asthma. We showed that patients with 

stable asthma have an increased procoagulant activity as compared to healthy 

subjects. This increased procoagulant activity is shown by the increased levels in 

several key markers of the hemostatic system, like increased levels of plasminogen 

activator inhibitor type 1 (PAI-1), plasmin-α2-antiplasmin complexes (PAPc), and 

von Willebrand factor (vWF) levels in peripheral blood and an enhancement in the 

thrombin generation test with increased levels of peak thrombin, velocity index 

and endogenous thrombin potential (ETP). Furthermore, increased procoagulant 

activity is associated with asthma severity. In addition, there is a correlation between 

vWF and ETP with neutrophils, but not with eosinophils. These results imply that 

in patients with asthma, in particular patients with severe disease, coagulation 

is activated and therefore asthma may predispose for development of venous 

thromboembolism.

In the second part of this thesis we focussed on the influence of corticosteroids on 

hemostasis and more specifically in patients with asthma and healthy subjects. For 

several decades it has been thought that corticosteroids are procoagulant. However, 

clinical relevance has not been investigated. Therefore in CHAPTER 5 the risk of 

symptomatic pulmonary embolism in patients using corticosteroids was evaluated 

using the PHARMO Record Linkage System, a Dutch population based pharmacy 

registry. In total 4,495 patients with a first hospital admission for PE between 1998 

and 2008 were matched to 16,802 sex- and age-matched control subjects without 

a history of PE. Oral glucocorticosteroids were found to have a fourfold increased 

risk of pulmonary embolism in a time- and dose-dependent relation. The highest 

risks were observed in the first 30 days of glucocorticosteroid use (sixfold increased 

risk) and for the highest daily dose (10-fold increased risk). But also in low-dose 

glucocorticosteroid users, the highest risk of pulmonary embolism (2.8-fold increased 

risk) was observed in the first 30 days after initiation of treatment as compared to 

long-term users.
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To further investigate the effect of corticosteroids on hemostasis we performed 

a randomized double-blind placebo-controlled study to evaluate the effect of short 

burst prednisolone course on hemostasis in patients with asthma and healthy 

subjects. In CHAPTER 6 we described the effects of prednisolone in 60 patients 

with stable asthma of different severities. Patients received 0.5mg/kg/day of 

prednisolone for 10 consecutive days. Patients in the prednisolone group had 

increased levels of vWF (20%), PAI-1 (37%, change of 8ng/ml) and decreased levels 

of PAPc (-11.5%, change of 51.4 µg/L). Although no change occurred in thrombin-

antithrombin complexes (TATc) and D-dimer, thrombin generation increased, as peak 

thrombin and velocity index were increased by respectively 11% and 25%. Peripheral 

blood eosinophils, CRP and FeNO decreased, while neutrophils increased. We 

concluded that a 10-day course of oral prednisolone (0.5mg/kg/day) in patients with 

stable asthma caused a shift in the hemostatic balance to a procoagulant state by 

increasing in vitro coagulation and reducing fibrinolysis. Activation of coagulation 

occurred despite an anti-inflammatory effect of oral prednisolone, as shown by 

a decrease in peripheral blood eosinophils, CRP and exhaled nitric oxide. This 

suggests that the prothrombotic state in asthma patients and the increased risk 

of thromboembolic events not only depends on disease activity, but also on the 

adverse effects of oral corticosteroids.

In CHAPTER 7 we described the effects of prednisolone in a group of 31 healthy 

subjects receiving a 10-day oral prednisolone course of 0.5mg/kg/day. Healthy 

subjects receiving a similar course of prednisolone as patients with asthma, also 

had an increase of 18% in vWF and 80% (4.6 ng/mL) in PAI-1, while no change was 

observed for PAPc. No change occurred for TATc nor for D-dimer, but thrombin 

generation increased in healthy subjects. Peak thrombin increased by 16% and 

velocity index by 41%. We concluded from this study that oral corticosteroids 

increase procoagulant activity in healthy subjects, suggesting that oral corticosteroid 

treatment may contribute to the reported thromboembolic risk in patients with 

inflammatory diseases.

In the last part of this thesis we investigated the effect of an infectious trigger on 

hemostasis in healthy subjects and patients with mild asthma. In CHAPTER 8 we 

investigated the effect of an experimental rhinovirus infection (Rhinovirus type 16 

(RV16)) on hemostasis in an observational study. 14 healthy subjects and 14 patients 

with very mild atopic asthma (no maintenance dose of inhalational corticosteroids) 

were included in the study. Rhinovirus infection enhanced coagulation in patients 

with very mild asthma, but not in healthy subjects. Increased procoagulant activity in 

the pulmonary environment as evidenced by increased microparticle-associated TF 

activity in bronchoalveolar lavage (BAL) fluid was observed in patients with asthma. 

Moreover, the change in fibrin generation test and TATc correlated with markers of 
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eosinophil and neutrophil activation (respectively eosinophil cationic protein and 

myeloperoxidase) in BAL fluid. In addition to local procoagulant activity, RV16-load 

showed linear correlations with markers of fibrinolysis and hemostatic activity in 

plasma. Therefore rhinovirus infection increases the local procoagulant activity in the 

airways through both eosinophilic and neutrophilic airway inflammation as well as a 

rhinoviral load associated correlation with markers of fibrinolysis (PAPc and PAI-1) and 

procoagulant activity (ETP) in plasma.
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General discussion

Comparison with current literature

Asthma and coagulation

In the first and third part of this thesis we focussed our research on the interaction 

between coagulation and asthma. We investigated the clinical relevance, the 

possible relation with asthma severity and the effect of a rhinovirus infection on 

coagulation in asthma patients. Previous research on asthma and coagulation 

focussed on coagulation in the airways of patients with primarily atopic asthma. 

Increased amounts of TF, TATc and fibrin are found in induced sputum and BAL fluid 

of patients with asthma as compared to healthy subjects1-4. Activation of coagulation 

can be initiated by allergens3,5-9, viruses10-12 (chapter 8) and possibly also by fungi13 

and air pollution14,15. No studies were performed to evaluate coagulation in plasma 

let alone evaluate the clinical consequences of its activation in asthma. In other 

inflammatory diseases like rheumatic arthritis, colitis ulcerosa, Crohn’s disease, 

glomerulonephritis, chronic rhinosinusitis and COPD, coagulation is activated and an 

increased risk to develop venous thromboembolism is observed16-25.

In chapter 4 we described a correlation between activation of hemostasis in 

plasma and asthma severity. Previous research showed such a correlation in induced 

sputum of patients with asthma with different severities1 others showed a correlation 

between TATc and an increase in airway hyperresponsiveness and sputum 

eosinophilic cationic protein in patients with asthma2. However we did not find an 

association with eosinophils but rather with neutrophils, which can be explained 

by the fact that we studied patients with stable asthma in which eosinophilia is 

depleted and the neutrophilia is induced by oral prednisolone. The highest levels of 

procoagulant markers were observed in the group of patients with oral prednisolone-

dependent asthma. And although neutrophils are capable of activating coagulation26, 

we believe that the association observed in this study is related to the study design. 

Nevertheless the association between asthma severity and coagulation is not 

only found in the airways, but also in blood. Whether activation of coagulation is 

eosinophilic or neutrophilic may depend upon the inflammatory trigger.

Activation of coagulation in asthma is among others initiated by allergens3,5,7. In 

chapter 8 we observed that a mild rhinovirus infection activates coagulation in the 

airways and blood of patients with mild asthma, but not in healthy control subjects. 

Activation of coagulation in blood in patients with asthma was associated with 

the rhinoviral load in BAL fluid. Not much is known about activation of hemostasis 

by non-hemorrhagic non-herpes viral infections in humans. Influenza like illness 

(ILI) has been shown to activate coagulation in elderly people10. In a cohort of 115 
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elderly subjects 15 developed ILI in the subsequent months. Most patients were 

infected with influenza (n=6) and parainfluenza (n=3), but in none of the patients with 

symptoms of ILI rhinovirus was detected. Recent evidence showed that PAI-1 levels 

were increased in induced sputum and nasal fluid of patients with asthma during 

common colds. Rhinovirus was the most prevalent virus in this group of 52 patients 

with asthma and 14 healthy subjects27. Unfortunately only PAI-1 was studied and no 

other hemostatic markers, as PAI-1 may also be an acute phase protein and increases 

upon mild stimulation. This shows that not only allergens, but also viral infections like 

influenza, rhinovirus and may be other viruses, like parainfluenza and RS-virus, are 

likely to trigger coagulation in patients with asthma. Maybe also other factors can 

trigger coagulation in asthma, like fungi, air pollution or exercise.

The enhanced coagulation in plasma of patients with moderate-severe asthma and 

procoagulant triggers suggest that patients with asthma may have thromboembolic 

complications. In chapter 3 we described that patients with asthma are at increased 

risk to develop pulmonary embolism. This risk was associated with asthma severity 

and oral prednisolone use. Even more interesting was the observation that 

pulmonary embolism occurred twice as often as deep venous thrombosis. This 

association was also found in patients with COPD and sarcoidosis28,29. In a large 

cohort analysis from Taiwan, Chung et al. confirmed the increased risk to develop 

pulmonary embolism. Patients with asthma had a more than threefold increased risk 

to develop pulmonary embolism and this risk increased rapidly with the increasing 

number of asthma exacerbations30. Apparently patients with asthma and frequent 

disease exacerbations are at increased risk to develop also other thromboembolic 

events, such as acute coronary events and stroke31-33. A risk that was also associated 

with disease exacerbations and use of oral corticosteroids31-33.

Corticosteroids and coagulation

Previous studies in inflammatory diseases and healthy subjects suggested that 

prednisolone is prothrombotic. Secondly, in patients with Cushing’s disease an 

increased risk to develop VTE34 has been described and a procoagulant state in 

the plasma of patients with Cushing’s disease has been found35-38. Nevertheless, no 

studies have been performed on the risk of corticosteroid treatment and pulmonary 

embolism. In chapter 5 we described that patients using oral corticosteroids are 

at the highest increased risk (sixfold increased) to develop VTE shortly after the 

start of therapy. However, also chronic low dose treatment with oral corticosteroids 

increased the risk to develop VTE (hazard rate 2.2)(Chapter 5). A second larger 

Danish study showed more or less identical results on oral corticosteroids (Incidence 

rate ratio of 3.1). Patients with pulmonary diseases using inhalational corticosteroids 

(ICS) did not have an increased risk to develop VTE except at the initiation of ICS 
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treatment (Incidence rate ratio of 2.2)39. A British study investigating the incidence 

of VTE in the general population and potential risk factors, showed a threefold 

increased risk for oral corticosteroids40. The major problem with these associations is 

that although statistical adjustments are made for potential confounding factors, such 

as immobility, and infection, residual, unmeasured, confounding cannot be ruled out.

Several studies investigated the effect of oral corticosteroids on coagulation and 

fibrinolysis. The design, intervention and study populations differed very much. 

We investigated the effect of oral prednisolone in patients with stable asthma and 

healthy subjects (Chapter 6 and 7). This way we were able to investigate the effect 

of prednisolone on coagulation and were not influenced by the inflammatory effect 

of asthma. We showed that both healthy subjects and patients with asthma have 

an enhanced coagulation and observed a reduction in fibrinolysis in patients with 

asthma. Two studies investigated coagulation in healthy subjects41,42, and three 

investigated PAI-1 and D-dimer41,43,44. These studies showed no major changes in 

TATc42, and no change in PAI-1 after 5 days of oral dexamethasone41. However an 

increase of 10-20% in several coagulations factors (Factor VII, VIII and XI) were 

observed in healthy subjects41. Especially the last finding is in line with the 13-15% 

increase we observed in peak thrombin in both healthy subjects and patients with 

asthma. Other studies in patients with inflammatory diseases showed a decrease 

in TATc45,46, and vWF47,48 and an increase in PAI-145-47. However, several of these 

studies investigated the effect of prednisolone in patients with acute exacerbations 

of inflammatory diseases. Acute exacerbations are associated with intense 

inflammatory processes, which concurrently activates coagulation. Therefore the true 

effect procoagulant effect of oral prednisolone cannot be evaluated, as results are 

influenced by the acute inflammation45-47.

The effect of oral corticosteroids on activation of coagulation as described in 

studies is discordant in patients with inflammation. As described above some studies 

observed a decrease of the prothrombotic state in patients with inflammatory 

diseases45,46. In contrast, activation of coagulation and an increase of fibrinolysis 

upon treatment with oral prednisolone were shown in a study evaluating the effect 

of prednisolone in a sepsis model with lipopolysaccharide (LPS). Healthy subjects 

receiving high doses of oral prednisolone had a larger increase of procoagulant 

activity in the first 4 hours after challenge with LPS as compared to healthy subjects 

receiving no prednisolone49. Another interesting observation was shown in patients 

with a solid organ transplant. Patients with kidney transplant have a procoagulant 

activity, which disappears after the oral prednisolone is stopped and replaced by 

other immunosuppressive drugs50. These are all interesting observations that need 

further exploration.
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Interpretations of the results of this thesis
Previous groups have shown that coagulation is activated in the airways of patients 

with asthma. In this thesis we have shown that coagulation is also activated in the 

blood of patients with asthma. How can the activation of coagulation in asthma and 

the prothrombotic nature of corticosteroids fulfil the criteria of Virchow’s triad of 

hypercoagulability, endothelial activation and stasis of bloodflow and result in the 

observed increased incidence of pulmonary embolism?

Hypercoagulability in patients with asthma is initiated by disease exacerbation 

or disease progression. Several triggers can induce an asthma exacerbation 

like allergens6,51,52, viruses53,54, fungi49, air pollution55,56, and aspecific triggers 

like exercise, temperature changes, and humidity56. Not all of these triggers 

may activate coagulation. In allergen challenged patients with asthma, TF and 

microparticle-associated TF have been shown to be enhanced in the airways3,5. 

In chapter 8 we showed that upon rhinovirus infection, microparticle-associated 

TF initiated coagulation in BAL fluid in patients with mild asthma. TF initiates the 

extrinsic coagulation pathway by forming a complex with factor VII. TF is expressed 

by several cells involved in asthmatic inflammation. Beside airway epithelial cells 

and endothelial cells, lymphoid cells, and leucocyte-derived microparticles, also 

eosinophils have been shown to express TF57-60. TF is expressed upon cell death. 

Upon destruction of airway epithelial cells or inflammatory cells in the airways, 

TF is expressed and the coagulation cascade may be initiated. However, some 

authors have suggested that plasma leakage may explain the increased amounts 

of coagulation factors in the airways61-63. Some studies investigating coagulation in 

patients with asthma corrected for plasma leakage by using the α2-macroglobulin-

albumin ratio and still showed that TF increased while coagulation factors VII, X and 

XIII decreased in induced sputum1.

Beside local hypercoagulability in the airways, activation of coagulation in blood 

of patients with asthma has been shown in disease exacerbations, for example 

with allergen challenge5,6 and rhinovirus (Chapter 8). We showed in chapter 4 

that also asthma severity correlates with a procoagulant state in blood. Activation 

of coagulation in more severe asthma may be related to recurrent exacerbations, 

systemic exposition of high dose inhalational corticosteroids64, and/or oral 

corticosteroids use, as corticosteroids enhance coagulation by induction of TF 

expression and PAI gene transcription57-59,65. However loss of asthma control showed 

no activation of coagulation in blood of patients with moderate-severe asthma66.

Endothelial activation most likely occurs directly through the thin pulmonary blood/

air barrier or indirectly through the release of mediators of affected cells. Activation 

of epithelial cells upon stimulation by allergens, viruses or other asthmatic stimuli 

may be possible triggers of endothelial cell activation. In chapter 8 we proposed that 
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rhinovirus probably activates endothelial cells indirectly through mediators released 

by infected epithelial cells or directly as endothelial cells express ICAM-1, the receptor 

that enables rhinovirus to infect human cells67,68. Also allergen exposure activates the 

endothelial cells through the mediator release by affected epithelial cells 5.

Another option for endothelial activation could be oral corticosteroid use. In 

chapter 6 and 7 we proposed that corticosteroids activate endothelial cells and 

leucocytes in the absence of inflammatory stimuli leading to enhancement of vWF 

gene transcription57,69. Interestingly, in a recent cross-sectional study it was shown that 

markers of activation of vascular endothelial cells correlate with areas of decreased 

ventilation in hyperpolarized Helium-3 Magnetic Resonance Imaging and multidetector 

CT scan in patients with severe asthma70. This suggests that endothelial activation 

occurs in the affected/triggered areas of the asthmatic lung. Taken together these 

results suggest that endothelial cells are activated in patients with asthma.

The third criterium of Virchow’s triad, stasis of blood flow, is likely to occur in the 

asthma affected areas of the lung, and may be explained by local hypoxia. In asthma 

bronchoconstriction is not homogenous but more heterogenous71,72, and thus some 

parts of the lung may experience local hypoxia. Hypoxia causes local hypoxemic 

vasoconstriction to improve the ventilation-perfusion ratio in other parts of the 

lung. Even more, local hypoxia may also contribute to the activation of coagulation 

in the affected parts of the lung. Although conflicting evidence exists on hypoxia 

and activation of coagulation in healthy subjects73,74, hypoxia has been shown to 

activate coagulation in patients with COPD. In a recent study patients with COPD 

were exposed to an inhaled oxygen fraction of about 15% (100% nitrogen via a 40% 

venturi mask at a flow rate of 10L/min) for two hours. After two hours of inhalation of 

hypoxic air, TATc and prothrombin fragment 1 + 2 increased, while D-dimer and vWF 

did not change75. It is likely that also in other pulmonary diseases, like asthma, local 

hypoxia can occur and cause activation of coagulation. Hypoxic vasoconstriction and 

subsequent reduced blood flow could explain the third criterium of Virchow’s triad 

for thrombus formation. So, by activation of coagulation and endothelial activation 

by specific asthma triggers and oral prednisolone, and reduction in blood flow by 

local hypoxia through the asthmatic trigger, all three criteria of Virchow’s triad for 

thrombus formation are fulfilled.

Two other observations support this hypothesis. First, the affected parts of the 

lung enhance coagulation; the dilution of the coagulation factors by the blood flow 

from the unaffected parts of the lung may explain that we found small increases 

in coagulation factors in blood. Second, if local hypoxia in the lung activates 

coagulation locally in the lung, this may explain why in patients with pulmonary 

diseases, like asthma and COPD, the prevalence of PE is twice as common as 

DVT19,29 (Chapter 3), as compared to the general population, where the opposite 
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holds true76,77. In pulmonary diseases, pulmonary embolism may occur by local 

thrombus formation rather than be embolization of thrombi from deep legveins. 

Although this mechanism does not support the increased incidence for acute 

coronary syndrome and stroke, we believe that this could be an explanation for 

the increased incidence of pulmonary embolism in patients with asthma. One has 

to keep in mind that the observed risk for acute coronary syndrome and stroke is 

lower than the increased observed risk for pulmonary embolism. Possibly other 

factors contribute to the venous stasis in these events, as the hypercoagulability and 

endothelial activation by corticosteroid treatment still support the first two criteria of 

the Virchow’s triad.

Clinical implications of this thesis
As described before, inflammation and coagulation are very closely related and influence 

one another26,78-81. The close interaction suggests that activation of coagulation by 

inflammation is also very important. For example, activation of coagulation by rhinovirus 

infection may prevent the rhinovirus from spreading through the body and contain 

the rhinovirus to the affected nose or respiratory system. Nevertheless uncontrolled 

activation of coagulation can induce thromboembolic complications.

In this thesis we have shown that the blood of patients with asthma is hypercoagulable 

by enhancement of coagulation and a reduction in fibrinolysis. The hypercoagulable 

state increases with asthma severity and is triggered by disease exacerbations, for 

example by rhinoviral infection, but also by allergic provocation3,5,7. As a result we 

described an increased incidence of pulmonary embolism, while recently also an 

increased risk in acute coronary syndrome and stroke was observed31-33. Secondly, 

endothelial activation is enhanced in patients with asthma, which may further contribute 

to the increased incidence in pulmonary embolism and other thromboembolic events. 

Patients with asthma, and especially severe asthma, should be closely observed 

for acute coronary events and pulmonary embolism, and in patients with ongoing 

exacerbations of asthma pulmonary embolism should be excluded.

A second major implication is the observation that oral prednisolone enhances 

coagulation and reduces fibrinolysis in patients with stable asthma and healthy 

subjects. Not only it provides better insight into the mechanisms why patients with 

severe asthma and frequent exacerbations are at increased risk for pulmonary 

embolism82, but it also suggests that any patient receiving frequent bursts or 

chronic administration of oral corticosteroids are at increased risk to develop 

thromboembolic events39,83. Most likely this reflects the increased incidence of 

pulmonary embolism observed with the use of corticosteroids. This implies that 

physicians should be alert for the development of pulmonary embolism when they 

initiate treatment with oral corticosteroids. Even more as the RIETE study group 
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(Computerized Registry of Patients with Venous Thromboembolism (RIETE)) recently 

showed that patients immobilized at home with acute medical illness are at increased 

risk to develop a fatal pulmonary embolism as compared to hospitalized patients84. 

Therefore, it is critical to verify whether a patient really needs oral corticosteroids. 

In addition, patients with inflammatory diseases who need potent anti-inflammatory 

treatments, might be better off with anti-inflammatory biologicals, such as anti-TNFα-

blockers in case of colitis and rheumatoid arthritis, or anti-IL-5 or anti-IL-4/IL-13 with 

asthma. Additionally, one might consider thromboprophylactic treatment in asthma 

patients during exacerbations or in those receiving chronic oral corticosteroid 

treatment. Of course, this needs further research.

Future research

Asthma and coagulation

In this thesis we showed that patients with asthma are at increased risk of pulmonary 

embolism due to a hypercoagulable state induced by asthma severity, asthma 

triggers and oral corticosteroid use. Future research should focus to further 

investigate procoagulant effects of the new anti-inflammatory biologicals for severe 

asthma, like anti-IL-5 and anti-IL-4/IL-13. If these medications reduce activation 

of coagulation in patients with severe asthma, these drugs may be used instead 

of oral prednisolone. This not only solves hypercoagulability, but also improves 

compliance and other corticosteroid related side-effects, like obesity, diabetes 

mellitus, and osteoporosis. However, this option may not work for patients with an 

acute exacerbation. These patients may still require oral prednisolone. To prevent 

these patients from developing thromboembolic complications, concurrent use 

of short-term thromboprophylaxis should be investigated, as especially disease 

exacerbations may further enhance coagulation. As patients with other inflammatory 

diseases also have an increased risk to develop a pulmonary embolism, this study 

should not be limited to patients with asthma exacerbations, but extended to 

patients with other inflammatory diseases, like COPD, inflammatory bowel disease, 

and connective tissue diseases.

Beside treatment of hypercoagulability, further research in patients with asthma 

should focus on three other aspects. First, basic science should further explore the 

precise interaction between coagulation and asthmatic inflammation. Previous research 

showed that PAI-1 gene (SERPINE 1) 4G/5G polymorphism is associated with airway 

hypersensitivity, more rapid decline in FEV1 and ICS response85,86. Therefore further 

research is needed on the precise mechanism how the coagulation system enhances 

asthmatic inflammation and airway remodelling. Especially since asthma is characterized 

by different phenotypes which will lead to personalized treatment of asthma87-89.
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Second, more research should be performed on the mechanism of thrombus 

formation. Are pulmonary emboli formed in situ or are they being embolized from a 

venous thrombosis? Can the hypothesized local hypoxia explain the local formation 

of pulmonary embolism? And finally, diagnosis of pulmonary embolism in patients 

with pulmonary diseases is difficult90. Since the introduction of the electronic nose 

in pulmonary medicine knowledge on the use of the E-nose has increased rapidly. 

Previous research has shown that pulmonary embolism can be detected with the 

Cyranose 32091. Can the E-nose be used to distinguish between asthma or other 

pulmonary exacerbation, and a pulmonary embolism?

Corticosteroids and coagulation

Since the primary therapy for patients with asthma is inhaled and/or oral 

corticosteroid treatment, we also further investigated the interaction between 

corticosteroids and coagulation. The increased risk to develop pulmonary embolism 

and the procoagulant state induced by corticosteroids were shown. The precise 

mechanism through which prednisolone activates coagulation is unknown. 

Interaction between corticosteroids and the inflammatory disease presumably plays 

a role in the increased incidence of pulmonary embolism. Further research should 

focus on the precise mechanism on how corticosteroids enhance coagulation. Is it 

just by induction of gene transcription of PAI-1 and vWF or do corticosteroids have 

more effects on coagulation?

Conclusion
This thesis focussed on the interaction of coagulation, inflammation and 

corticosteroid treatment on asthma. In this thesis we showed that asthma, oral 

prednisolone and rhinovirus each enhance coagulation, which may result in venous 

thromboembolic events, pulmonary embolism in particular during exacerbations. 

And although we have become more aware of pulmonary embolism in patients with 

asthma, we cannot prevent the occurrence of venous thromboembolic complications 

yet. A striking example of this latter issue is the recent presentation in our clinic 

of a female patient with severe prednisolone-dependent asthma and a RS-virus 

pneumonitis, who developed bilateral pulmonary emboli during the course of her 

disease. In order to prevent the occurrence of these thromboembolic complications 

in patients with asthma, it is important that further research is performed to 

address the interaction between coagulation and inflammation in asthma and to 

further investigate the influence of corticosteroids on the interaction between the 

inflammatory and hemostatic systems in asthma and other inflammatory diseases.
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Nederlandse samenvatting

Achtergrond
Longartsen gespecialiseerd in astma viel het op dat patiënten met ernstig astma 

relatief vaak een longembolie hadden doorgemaakt. Een waarneming die ook bij 

andere inflammatoire ziekten wordt gezien, zoals bij reuma en colitis ulcerosa. In de 

medische literatuur is het bekend dat ontsteking en stolling elkaar beïnvloeden. Dus 

ontsteking geeft activatie van stolling en stolling leidt tot een ontstekingsreactie. 

Het eerste deel van dit proefschrift richt zich op de interactie tussen ontsteking 

door astma en de bloedstolling. Deze interactie hebben we onderzocht in twee 

studies. In de eerste studie hebben we in een observationele studie bij 648 

patiënten met astma gekeken naar de klinische gevolgen van deze interactie en in 

een tweede studie hebben we de pathofysiologische effecten onderzocht in een 

cross-sectionele studie bij 93 patiënten met astma en 33 gezonde proefpersonen. 

In het tweede deel van het proefschrift hebben we de aandacht verplaatst naar 

prednison, het belangrijkste medicijn om een astma-aanval te behandelen. In het 

eerste hoofdstuk van dit 2e deel hebben we in een groot patiënten-cohort gekeken 

of prednison inderdaad klinische gevolgen heeft voor patiënten. De daaropvolgende 

hoofdstukken beschrijven de effecten van prednison op de bloedstolling bij 

patiënten met stabiel astma en gezonde proefpersonen. In het derde en laatste 

deel van het proefschrift wordt het effect van een infectie met rhinovirus, een 

verkoudheidsvirus, beschreven op de activatie van de bloedstolling bij patiënten met 

mild astma en gezonde proefpersonen. De belangrijkste resultaten, conclusies en 

implicaties zijn hieronder samengevat.

Samenvatting van de studies
In het eerste deel van dit proefschrift hebben we de huidige literatuur over 

luchtwegontsteking door astma en bloedstolling onderzocht en beschreven in 

HOOFDSTUK 2. Patiënten met astma hebben een toegenomen activatie van de 

bloedstolling in de luchtwegen, activatie van bloedplaatjes, verminderde functie 

van het natuurlijke antistollings-systeem (proteïne C en antithrombine III), en een 

afgenomen stollingsafbraak (fibrinolyse). Protease geactiveerde receptoren (PARs) 

zorgen voor de interactie tussen de luchtwegontsteking en de activatie van de 

bloedstolling bij experimenteel astma. PAR2 activatie, door ofwel proteases van het 

stollingssysteem danwel proteases van gewone allergenen, draagt bij aan de ernst 

van de astma.

In HOOFDSTUK 3 hebben we de incidentie van diepe veneuze trombose en 

longembolie onderzocht bij poliklinische patiënten met mild/matig astma en ernstig 

astma en deze incidentie vergeleken met een populatie met vergelijkbare leeftijd en 
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geslacht. 648 patiënten met astma (365 met mild/matig en 283 met ernstig astma) uit 

3 Nederlandse astma-klinieken zijn in deze studie onderzocht. Alle patiënten hebben 

een vragenlijst ingevuld over: de diagnose diepe veneuze trombose en longembolie, 

risicofactoren, geschiedenis van astma en medicatie gebruik. Alle veneuze trombo-

embolieën waren objectief geverifieerd. In deze studie beschrijven wij dat patiënten 

met astma, vooral ernstig astma, een verhoogd risico hebben op het krijgen van 

een longembolie, maar niet op het krijgen van een diepe veneuze trombose. Bij 

patiënten met ernstig astma is dit risico zelfs 8.9x verhoogd in vergelijking met de 

gewone populatie. Dit verhoogde risico is geassocieerd met de ernst van astma 

(hazard ratio 3.3) en het gebruik van prednison tabletten (hazard ratio 2.8). Deze 

studie geeft aan dat het risico op het krijgen van een longembolie verhoogd is bij 

patiënten met astma en vooral bij patiënten met prednison afhankelijk astma.

In HOOFDSTUK 4 hebben we het effect van de ernst van astma verder onderzocht 

in een groep van 93 patiënten met astma van verschillende ernst en 33 gezonde 

proefpersonen. In dit cohort hebben wij eiwitten van de bloedstolling en fibrinolyse, 

en de trombine generatie test vergeleken tussen gezonde proefpersonen, en 

patiënten met mild/matig, ernstig en prednison-afhankelijk astma. In deze studie 

toonden we aan dat patiënten met stabiel astma een geactiveerd stollingssysteem 

hebben in vergelijking met gezonde proefpersonen. Dit geactiveerde 

stollingssysteem wordt aangetoond door de verhoogde waarden van enkele 

belangrijke stollingseiwitten zoals, plasminogeen activator inhibitor type 1 (PAI-1), 

plasmine-α2-antiplasmine complex (PAPc), en von Willebrand factor (vWF) in perifeer 

bloed en een toename van de trombine generatie test met verhoogde waarden 

van het peak trombine, velocity index en endogene trombine potentiaal (ETP). De 

activatie van het stollingssysteem is geassocieerd met de mate van ernst van de 

astma. Daarnaast, is er een correlatie tussen vWF en ETP met neutrofielen, maar niet 

met eosinofiele ontstekingscellen. Hieruit concludeerden we dat de drempel waarbij 

de stolling wordt geactiveerd is verlaagd bij patiënten met astma, vooral bij patiënten 

met ernstig astma. Astmatische ontsteking draagt daardoor bij aan het risico op het 

krijgen van een veneuze tromboembolie.

In het tweede deel van dit proefschrift verleggen wij de aandacht naar de invloed 

van corticosteroïden op de bloedstolling vooral bij patiënten met stabiel astma 

en gezonde proefpersonen. Sinds enige tientallen jaren wordt er vermoed dat 

corticosteroïden de bloedstolling bevorderen. Echter de klinische relevantie hiervan 

is tot op heden nooit onderzocht. Daarom hebben wij in HOOFDSTUK 5 het risico 

op een symptomatische longembolie bij patiënten die corticosteroïden gebruiken 

onderzocht in de PHARMO Record Linkage System, een Nederlandse populatie 

gebaseerde apothekers-registratie. In totaal werden er 4.495 patiënten met een 

1e ziekenhuisopname voor longembolie in de periode van 1998 tot en met 2008 
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vergeleken met 16.802 controle patiënten van vergelijkbare leeftijd en geslacht 

zonder doorgemaakte longembolie. Wij vonden in deze grote populatie-gebaseerde 

case-control studie dat het gebruik van corticosteroïden was geassocieerd met 

een viervoudig verhoogd risico op het krijgen van een longembolie, zowel op 

basis van een tijds- als dosis-afhankelijke manier. Het grootste risico op het krijgen 

van een longembolie wordt gezien in de eerste 30 dagen van het gebruik van 

corticosteroïden (6x verhoogd risico) en voor de hoogste dagelijkse dosering (10x 

verhoogd risico). Maar, ook bij patiënten met het gebruik van een lage dosering 

prednison is het grootste risico op het krijgen van een longembolie (2,8x verhoogd 

risico) binnen de 1e maand na start van de behandeling met corticosteroïden in 

vergelijking met het risico van chronische gebruikers.

Om het effect van corticosteroïden op de bloedstolling verder te onderzoeken 

hebben we een gerandomiseerde dubbel-blind placebo gecontroleerde studie 

uitgevoerd om het effect te beoordelen van een korte stootkuur prednisolon op de 

bloedstolling bij patiënten met astma en gezonde proefpersonen. In HOOFDSTUK 6 

beschrijven we het effect van prednisolon op de bloedstolling bij 60 patiënten 

met stabiel astma van verschillende ernst. Patiënten ontvingen 0,5 mg/kg/dag 

prednisolon voor 10 opeenvolgende dagen. Patiënten in de prednisolon groep 

hadden verhoogde spiegels van vWF (20%), PAI-1 (37% toename, een absolute 

toename van 8 ng/ml) en afgenomen spiegels van PAPc (een daling van 11,5%, en 

een absolute daling van 51,4 µg/L). Hoewel het trombine-antitrombine complex (TATc) 

en de D-dimeer niet veranderde liet de trombine generatie test juist een stijging 

van het peak trombine en velocity index zien (respectievelijk een stijging van 11% en 

25%). Prednisolon gaf meteen een stijging van de neutrofielen en een daling van de 

eosinofielen, CRP en het uitgeademde stikstofoxide (FeNO).

Hieruit concludeerden wij dat prednisolon een verhoogde stollingsactivatie geeft 

bij patiënten met stabiel astma door een toename van de stollingsactivatie en een 

afname van de fibrinolyse. Prednisolon kan daardoor bijdragen aan de vorming van  

een trombus indien de astma wordt geactiveerd door een stolling bevorderende 

prikkel. Deze resultaten zijn waarschijnlijk niet alleen belangrijk voor patiënten met 

astma, maar voor alle patiënten met een inflammatoire aandoening die regelmatig 

corticosteroïden nodig hebben.

In HOOFDSTUK 7 beschrijven we de effecten van prednisolon in een groep 

van 31 gezonden proefpersonen die 0,5 mg/kg/dag prednisolon kregen. Ook 

deze proefpersonen kregen de prednisolon gedurende 10 opeenvolgende dagen. 

Gezonde proefpersonen die prednison kregen hadden net als patiënten met astma 

in vergelijking met de placebo groep een toename van vWF (18%) en PAI-1 (toename 

80%, absoluut: 4,6ng/ml), maar PAPc veranderde niet. De trombine generatie test 

nam ook bij gezonde proefpersonen toe. Het peak trombine nam met 16% toe en 
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de velocity index met 41%, terwijl er geen verandering optrad in TATc en D-dimeer. 

Uit deze studie concludeerden wij dat prednisontabletten een activatie van het 

stollingssysteem geven in het bloed van gezonden proefpersonen. Daarbij verlaagt 

het de drempel om een trombus te vormen, waardoor dit een verklaring zou kunnen 

zijn voor het verhoogde risico op het krijgen van een veneuze tromboembolie bij 

patiënten met een inflammatoire aandoening, zoals reuma of de ziekte van Crohn.

In het laatste deel van dit proefschrift onderzochten wij het effect van een 

infectieuze prikkel op de bloedstolling in gezonde proefpersonen en patiënten 

met astma. In HOOFDSTUK 8 onderzochten we het effect van een experimentele 

rhinovirus infectie (Rhinovirus type 16 (RV16)) op de stolling in een observationele 

studie. Veertien gezonde proefpersonen en 14 patiënten met zeer mild astma 

(zonder onderhoudsdosering met inhalatiecorticosteroïden) werden geïncludeerd in 

de studie. Uit deze studie kwam naar voren dat er na een infectie met het rhinovirus 

bij patiënten met zeer mild astma er een activatie van de stolling in de luchtwegen 

optrad door een toename van de micropartikel-geassocieerde tissue factor (TF) 

activiteit in de bronchoalveolaire lavage vloeistof (BAL-vocht). Deze micropartikel-

geassocieerde TF activiteit en TATc correleerden met zowel de activiteit van 

neutrofielen als eosinofielen (respectievelijk myeloperoxidase en eosinofiel 

cationisch proteïne). Naast deze lokale activatie van de stolling, is de hoeveelheid 

RV-16 virusdeeltjes in het longspoelvocht (BAL-vocht) lineair geassocieerd 

met enkele waarden van de fibrinolyse en stollingsactivatie in het bloed. Wij 

concludeerde uit deze studie dat rhinovirus zowel een lokale activatie van de stolling 

als een virusdeeltjes afhankelijke activatie van de stolling in het bloed laat zien.
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Dankwoord

Graag wil ik iedereen bedanken die bijgedragen hebben aan de totstandkoming 

van dit proefschrift. Zonder de hulp en steun van jullie allemaal was dit niet gelukt. 

Sommigen wil ik specifiek bedanken.

Ten eerste alle proefpersonen die aan de verschillende studies hebben meegewerkt. 

Zonder jullie was dit proefschrift er nooit gekomen. Ik waardeer het enorm dat jullie 

dit hebben willen doen.

Mijn promotoren: beste Liesbeth, dank je wel voor de mogelijkheid die je mij hebt 

gegeven om dit onderzoek te kunnen opzetten dat tot dit proefschrift heeft geleid. 

Dank je wel voor je steun en perfectionisme om van elk artikel het beste te maken.

Beste PW, dank je wel voor je hulp bij de hernieuwde kennismaking met de 

bloedstolling. De stolling blijft fascinerend en lijkt toch veel belangrijker dan ik altijd 

heb gedacht in de long en rest van het lichaam. Dank je wel voor jouw enthousiasme 

en altijd weer optimisme om door te gaan en niet op te geven vooral tijdens de af 

en toe haperende inclusie. Dit helpt elke promovendus om door te zetten. Succes in 

Groningen en Hilversum!

Beste commissieleden, dank jullie wel voor jullie aanwezigheid bij deze plechtigheid 

en de beoordeling van dit proefschrift op zijn wetenschappelijke waarde. Ik ben zeer 

vereerd dat jullie zonder aarzeling direct hebben toegezegd om deel uit te maken 

van mijn promotiecommissie.

Beste Marlous en Daan, beste paranimfen, dank voor jullie heerlijke gesprekken over 

stolling astma en inflammatie die mede de basis hebben gevormd voor de uitwerking 

van dit proefschrift. Succes met jullie vervolgcarrière en ik hoop nog vaak met jullie 

te kunnen samenwerken.

Beste collega’s en oud-collega’s, dank jullie wel voor jullie geduld op de dagen dat 

ik mij kon richten op mijn studie. In het bijzonder wil ik Els bedanken voor haar hulp 

in het opvangen van alle acute klinische zaken voor Cystische Fibrose patiënten. En 

Reindert dank je wel om mij af en toe weer met beide benen in het gewone leven 

hebt weten terug te brengen. Ook alle AIOS die tijdens deze periode in opleiding 

waren, want ook dankzij jullie hulp heb ik het onderzoek kunnen afronden.

Beste onderzoekers en oud-onderzoekers op kamer F5-260 dank jullie wel voor 

jullie hulp. Ook hier wil ik enkele bij naam noemen, Marijke en Marieke dank jullie 
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wel voor jullie ‘eerste hulp’ bij het opzetten van het onderzoek. Marianne en Pieter-

Paul dank voor jullie hulp om in te vallen bij de inclusie van de ROCOCO-studie. Niki, 

Selma, Marijke, Christa, Koen, Marianne, dank jullie wel voor de mogelijkheid om bij 

jullie studies ook te laten kijken naar de effecten en gevolgen van de bloedstolling 

bij astma.

Beste Marleen, dank voor je motiverende gesprekken tijdens dit onderzoek en 

je hulp bij het nakijken van de proefdrukken. Ik hoop dat de samenwerking in de 

toekomst net zo goed blijft verlopen.

Beste GJ en Pearl, onderzoek coördinatoren van de CRUL. Dank voor jullie hulp bij 

het invullen van alle papierwerk dat komt kijken bij het onderzoek en de tussentijdse 

controles of alle papieren wel klopten voor de monitoren langskwamen.

Beste Maaike en Letty, long- en CF-verpleegkundigen van het AMC, dank jullie wel 

voor al het werk wat ik niet heb gezien, omdat jullie het al geregeld hadden. Dank 

jullie wel voor jullie luisterend oor. Jullie zijn fantastische longverpleegkundigen!

Beste Anne, dank je wel voor je hulp bij de studie. Je hebt veel geleerd en wordt 

volgens mij een hele goede dokter. Ik hoop dat je snel een opleidingsplek vindt om 

je droom van kinderarts te verwezenlijken.

Lieve familie en schoonfamilie, dank jullie wel voor jullie hulp. Beste schoonfamilie, 

dank voor jullie geduld en niet aflatende hulp bij het opvangen van Alexander en 

steunen van Milja. Lieve ouders, dank jullie wel voor de kansen en het vertrouwen 

die jullie mij en Gwendolin hebben gegeven om ons steeds verder te ontwikkelen. 

Het heeft geleid tot dit proefschrift.

Lieve Alexander, ik zal de tijd die je mij niet hebt gezien nu gaan inhalen. Dank je wel 

het was niet altijd even makkelijk voor jou als jij wilde spelen en ik moest werken of 

schrijven.

Lieve Milja, ik ben blij dat ik jou heb leren kennen en je hebt het niet makkelijk 

gehad al die jaren. Mijn zoektocht is klaar, maar mijn liefde voor jou nog lang niet. 

Dank je wel dat je mij de ruimte hebt gegeven om toch dit proefschrift te gaan 

schrijven.
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