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Asthma

Asthma is characterized by chronic inflammation of the airways associated with 

airway hyperresponsiveness, variable bronchoconstriction and airway wall 

thickening with increased mucus production. Asthma causes symptoms such 

as wheezing, coughing, chest tightness and shortness of breath1. It is estimated 

that around 300 million people worldwide currently have asthma2. Moreover, 

asthma has become more common in both children and adults around the 

world and the incidence rate has increased dramatically during the past few 

decades3. Several inflammatory cells and multiple mediators are involved 

in asthmatic inflammation, resulting in pathophysiological changes4. The 

pattern of inflammation involves increased numbers of activated eosinophils, 

activated mast cells and neutrophils, and increased numbers of CD4+ T-helper 

lymphocytes, which release mediators and contribute to asthma symptoms4,5. 

Activation of inflammatory cells can lead to IgE production and the release of 

cytokines including TNF-a, IFN-γ, IL-3, IL-4, IL-5, IL-6, IL-9 and IL-136,7.

There are several inciters that may trigger or worsen asthma symptoms 

such as tobacco smoke, exercise, and stress. Furthermore, there are several 

inducers of airway inflammation and asthma symptoms such as viral infections 

(Figure 1), and domestic or occupational allergens (for example house dust 

mites, cockroaches, fungi and pollen). In patients with asthma the airways are 

more susceptible to some of these factors such as viruses, allergens and air 

pollutants8. Allergen sensitization occurs through the selective expansion of 

T lymphocytes that secrete a cluster of cytokines, which results in Th2-helper 

cell survival, B cell isotype switching to IgE synthesis, mast cell and eosinophils 

differentiation, maturation and survival and basophil recruitment9.

Patients with severe or undertreated asthma show a progressive decline of 

lung function over time. This decline is thought to be the result of structural 

remodeling of the airway wall1 and an altered repair response with secretion of 

growth factors that induce mucus cell metaplasia, smooth muscle proliferation, 

angiogenesis, fibrosis and nerve pro liferation in the airways of asthma 

patients6. Unfortunately, there is no cure for asthma, but available treatment 

mainly focuses on long-term suppression of airway inflammation and relief 

of symptoms. Regular controller treatment, in particular with inhaled and 

oral corticosteroids, reduces the frequency and severity of asthma symptoms 

and the risk of having exacerbations1. However, patients with frequent 

36188 Sneeboer, Marlous.indd   8 27-06-16   16:22
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exacerbations show more steroid resistance10,11, and therefore poses a major 

clinical challenge and health problem. 

Asthma exacerbations are characterized by airway obstruction, 

microvascular leakage, and marked inflammatory cell infiltrate12. These 

exacerbations can occur even in people taking asthma medication. In patients 

with uncontrolled asthma exacerbations are more frequent and severe 

exacerbations could potentially be fatal. During asthma exacerbations there 

is intensification of the inflammatory response, such as increased eosinophil 

infiltration and cytokine levels13. Respiratory infections are the most common 

cause of an acute asthma exacerbation in both children and adults14. In 

approximately 65% of these exacerbations rhinoviruses are detected15,16. During 

rhinovirus infection different mediators are secreted by pro-inflammatory 

cytokines and chemokines, which leads to eosinophilic, and neutrophilic 

inflammation, mucus secretion and airway remodelling17. 

Figure 1 Pattern of inflammation after viral infection in patients with allergic asthma.

Upon  viral infection Th2-helper lymphocytes release cytokines and other mediators to have an effect on 
other cells and thereby contribute to asthma symptoms.
Adapted from Bradding et al 20069
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Coagulation and fibrinolysis 

Hemostasis is the process that stops bleeding, in order to keep blood within 

a damaged blood vessel and thus prevents blood loss. Hemostasis consists of 

coagulation, which is the process that forms blood clots, and the fibrinolysis, 

in which the blood clot is dissolved (Figure 2). Disorders in the coagulation 

pathway can lead to an increased risk of bleeding (haemorrhage) or obstructive 

clotting (thrombosis)18. 

The coagulation cascade is initiated by tissue factor (TF). Under normal 
conditions TF is only subendothelially expressed but as a results of tissue 
damage or plasma leakage blood comes in contact with TF. Via a cascade, 
TF binds and activates several clotting factors such as factor VII and X, 
eventually leading to the conversion of prothrombin into thrombin. 
Thrombin converts fibrinogen into fibrin which is the main constituent of a 
blood clot and the end product of coagulation19.

The coagulation cascade is controlled by negative feedback mechanisms 

and endogenous anticoagulants. TF pathway inhibitor (TFPI) is able to inactivate 

the TF – factor VII complex after binding to factor X. Antithrombin is able to 

inhibit thrombin and other serine proteases of the coagulation cascade in the 

presence of heparin. Furthermore, if thrombin binds to thrombomodulin, it is 

converted from a procoagulant into an anticoagulant by activating protein C. 

Activated protein C (APC), together with protein S, is able to inactivate factors 

Va and VIIIa and thereby suppresses further thrombin generation20.

In addition, when the endothelium of a blood vessel is damaged the 

underlying collagen becomes exposed to circulating platelets. The platelets 

are then able to directly bind to the collagen via specific surface receptors. 

This adhesion between platelets and collagen is further strengthened by von 

Willebrand factor (vWF). Both the endothelium and platelets are able to release 

vWF. Moreover, additional links are formed between glycoproteins on the 

surface of platelets and collagen, and these adhesions activate the platelets. 

Platelets, together with fibrin, form the main components of a blood clot in 

order to stop bleeding21. 

Fibrinolysis is the process that restrains blood clots from growing and also 

dissolves existing blood clots. Fibrinolysis is initiated when plasminogen is 

converted into plasmin. Important activators in this process are tissue-type 

plasminogen activator (tPA) and urokinase-type plasminogen activator (uPA). 

36188 Sneeboer, Marlous.indd   10 27-06-16   16:22
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The conversion of plasminogen to plasmin by tPA and uPA is regulated by the 

endogenous inhibitor, plasminogen activator inhibitor-1 (PAI-1). Plasmin is able 

to cleave fibrin into D-dimer and other fibrin degradation products (FDPs)20,22. 

Figure 2 Schematic overview of the coagulation and fibrinolysis

Interaction between coagulation and inflammation

There is an interaction between the coagulation system and inflammation23,24 

which is beneficial under most circumstances. For example the process of 

coagulation can physically trap microbes that invade the body in blood clots. 

Furthermore, the coagulation pathway produces products that can contribute 

to the innate immune system by their ability to increase vascular permeability 

and some of these products have a direct antimicrobial effect25. Under normal 

conditions the hemostatic balance is antithrombotic and favors fibrinolysis20. 

An imbalance in the coagulation cascade, shifting towards a prothrombotic 

state, can be caused by several inflammatory mechanisms. In these 

mechanisms, cytokines are thought to be the main mediators. For example, 

the expression of TF seems to be mostly dependent on IL-6 cytokine expression 

during inflammation26. Furthermore, all major natural anticoagulant pathways 

(antithrombin, protein C system, and TFPI) can be impaired by inflammatory 

cytokines27. The other way around, activation of the coagulation cascade leads 

to a potent proinflammatory response28,29.
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Coagulation and fibrinolysis in asthma

In epidemiologic studies, asthma is associated with increased risk of pulmonary 

embolism (PE), in particular in patients with severe disease and frequent asthma 

exacerbations30,31. It is likely that inflammation has an important contribution in 

the development of PE’s. A recent review showed that in patients with asthma, 

hemostasis is activated with increased pro-coagulant and reduced fibrinolytic 

activity32. This imbalance in the hemostasis might explain the increased risk of 

coagulation disorders in patients with asthma. However, most of these studies 

measured only a single hemostatic marker, measured in sputum instead of 

blood, or measured under specific circumstances, for example after rhinovirus 

inoculation or when patients visited the emergency room. There is a lack of 

information of hemostatic measurements in plasma of patients with asthma 

under stable conditions. It is clinically important to know which patients with 

asthma, and under which conditions, would have increased procoagulant 

activity and reduced fibrinolytic activity because they might be at the highest 

risk to develop venous thromboembolism. Therefore, this thesis will provide 

an overview of multiple hemostatic markers measured in plasma during stable 

conditions, after prednisone burst therapy and after corticosteroid withdrawal. 

Aims of the thesis

The aims of the current thesis are

1. To provide an overview of the current knowledge on coagulation and 

fibrinolysis in patients with asthma. 

2. To examine if coagulation and fibrinolysis parameters are higher in 

patients with mild, severe or severe prednisone-dependent asthma as 

compared to healthy control subjects.

3. To clarify if loss of asthma control leads to increased inflammation and 

hemostatic activity.

4. To investigate if oral corticosteroids (prednisolone burst therapy) 

increase coagulation and fibrinolysis in healthy control subjects and 

patients with asthma.

5. To asses if there is an association between inhaled and oral 

corticosteroid use and the risk of recurrent pulmonary embolism. 
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Outline of the thesis

Chapter 2 provides a review of the current literature on coagulation and 

fibrinolysis in patients with asthma. In chapter 3 we compare the coagulation 

and fibrinolysis parameters in healthy controls subjects and patients with asthma 

of different severity in a cross-sectional analysis. We continue in chapter 4 with 

examining if hemostatic parameters change when loss of asthma control is 

induced by complete inhaled corticosteroid withdrawal, compared to stable 

conditions. Next we assess, in a randomized double-blind placebo-controlled 

trial, if a 10-day oral prednisolone burst therapy has an effect on coagulation 

and fibrinolysis parameters in healthy control subjects (chapter 5) and patients 

with stable asthma (chapter 6). Next, we describe the results of a nested-case 

control study that found an increased risk of recurrent pulmonary embolism 

in patients who currently use inhaled and oral corticosteroids (chapter 7). 

Finally, chapter 8 summarizes the most important findings of this thesis and 

implications are discussed. 

36188 Sneeboer, Marlous.indd   13 27-06-16   16:22



Chapter 1

14

References

1.  Global Initiative for Asthma. Pocket guide for asthma management and prevention. 2015. http://
www.ginasthma.org/local/uploads/files/GINA_Pocket_2015.pdf

2.  Global Initiative for Asthma. Global burden of asthma. 2004. http://www.ginasthma.org/local/
uploads/files/GINABurdenReport_1.pdf

3.  D’Amato G, Baena-Cagnani CE, Cecchi L, et al. Climate change, air pollution and extreme events 
leading to increasing prevalence of allergic respiratory diseases. Multidiscip Respir Med. 2013;8(1):12.

4.  Holgate ST. Pathogenesis of asthma. Clin Exp Allergy. 6/2008 2008;38(6):872-897.

5.  Global Initiative for Asthma. Global strategy for asthma management and prevention. 2013. http://
www.ginasthma.org/local/uploads/files/GINA_Report_March13.pdf

6.  Holgate ST. Innate and adaptive immune responses in asthma. Nat Med 2012 2012;18(5):673-683.

7.  Agrawal DK, Shao Z. Pathogenesis of allergic airway inflammation. Curr Allergy Asthma Rep 1/2010 
2010;10(1):39-48.

8.  Chetta A, Foresi A, Del Donno M, Bertorelli G, Pesci A, Olivieri D. Airways remodeling is a distinctive 
feature of asthma and is related to severity of disease. Chest. Apr 1997;111(4):852-857.

9.  Bradding P, Walls AF, Holgate ST. The role of the mast cell in the pathophysiology of asthma. The 
Journal of allergy and clinical immunology. Jun 2006;117(6):1277-1284.

10.  Reed CE. The natural history of asthma in adults: the problem of irreversibility. The Journal of allergy 
and clinical immunology. 4/1999 1999;103(4):539-547.

11.  Ito K, Chung KF, Adcock IM. Update on glucocorticoid action and resistance. The Journal of allergy 
and clinical immunology. Mar 2006;117(3):522-543.

12.  Busse W, Elias J, Sheppard D, Banks-Schlegel S. Airway remodeling and repair. American journal of 
respiratory and critical care medicine. Sep 1999;160(3):1035-1042.

13.  Chung KF, Barnes PJ. Cytokines in asthma. Thorax. Sep 1999;54(9):825-857.

14.  Johnston SL, Pattemore PK, Sanderson G, et al. Community study of role of viral infections in 
exacerbations of asthma in 9-11 year old children. BMJ. 5/13/1995 1995;310(6989):1225-1229.

15.  Nicholson KG, Kent J, Ireland DC. Respiratory viruses and exacerbations of asthma in adults. BMJ. 
10/16/1993 1993;307(6910):982-986.

16.  Jackson DJ, Sykes A, Mallia P, Johnston SL. Asthma exacerbations: origin, effect, and prevention. 
The Journal of allergy and clinical immunology. Dec 2011;128(6):1165-1174.

17.  Jackson DJ, Johnston SL. The role of viruses in acute exacerbations of asthma. The Journal of allergy 
and clinical immunology. 6/2010 2010;125(6):1178-1187.

18.  Lillicrap DK, N; Markis, M; O’Shaughnessy, D. Practical hemostasis and thrombosis. 2nd ed: Wiley-
Blackwell; 2009.

19.  Dahlback B. Blood coagulation. Lancet. May 6 2000;355(9215):1627-1632.

20.  Chambers RC. Procoagulant signalling mechanisms in lung inflammation and fibrosis: novel 
opportunities for pharmacological intervention? Br J Pharmacol 3/2008 2008;153 Suppl 
1:S367-S378.

21.  Pallister CW, MS. Haematology. 2nd ed: Scion Publishing; 2010.

22.  Cesarman-Maus G, Hajjar KA. Molecular mechanisms of fibrinolysis. Br J Haematol. May 
2005;129(3):307-321.

23.  Esmon CT. The interactions between inflammation and coagulation. Br J Haematol 11/2005 
2005;131(4):417-430.

24.  Levi M, van der Poll T. Inflammation and coagulation. Crit Care Med 2/2010 2010;38(2 Suppl):S26-S34.

25.  Borensztajn KS, von der Thusen JH, Spek CA. The role of coagulation in chronic inflammatory 
disorders: a jack of all trades. Curr Pharm Des. 2011 2011;17(1):9-16.

26.  Levi M, van der Poll T, ten Cate H. Tissue factor in infection and severe inflammation. Semin Thromb 
Hemost. Feb 2006;32(1):33-39.

27.  Esmon CT. The impact of the inflammatory response on coagulation. Thromb Res. 2004;114(5-
6):321-327.

36188 Sneeboer, Marlous.indd   14 27-06-16   16:22



1

General introduction

15

28.  Ossovskaya VS, Bunnett NW. Protease-activated receptors: contribution to physiology and disease. 
Physiol Rev. Apr 2004;84(2):579-621.

29.  Page C, Pitchford S. Platelets and allergic inflammation. Clin Exp Allergy. Jul 2014;44(7):901-913.

30.  Majoor CJ, Kamphuisen PW, Zwinderman AH, et al. Risk of deep-vein thrombosis and pulmonary 
embolism in asthma. Eur Respir J 12/20/2012 2013;42:655-661.

31.  Chung WS, Lin CL, Ho FM, et al. Asthma increases pulmonary thromboembolism risk: a nationwide 
population cohort study. Eur Respir J 3/2014 2014;43(3):801-807.

32.  de Boer JD, Majoor CJ, van’t Veer C, Bel EH, van der Poll T. Asthma and coagulation. Blood. 4/5/2012 
2012;119(14):3236-3244.

36188 Sneeboer, Marlous.indd   15 27-06-16   16:22



36188 Sneeboer, Marlous.indd   16 27-06-16   16:22



Chapter 2 

Coagulation and fi brinolysis 
in asthma

Marlous M.S. Sneeboer1, Elisabeth H.D. Bel1

1 Department of Respiratory Medicine, Academic Medical Center, University of Amsterdam,  
The Netherlands

36188 Sneeboer, Marlous.indd   17 27-06-16   16:22



Chapter 2

18

Abstract

Inflammation and hemostasis are closely linked processes that influences 

each other. During chronic inflammatory diseases, such as asthma, an 

imbalance in the hemostasis occurs, which might cause an increased risk 

of coagulation disorders such as pulmonary embolism. In this review we 

describe the effect of asthma on the different aspects of the hemostasis. 

In patients with asthma, increased pro-coagulant activity is observed 

represented by increased levels of tissue factor and thrombin. Reduced 

fibrinolytic activity is also reported in asthma, with increased levels of 

plasminogen activator inhibitor type 1 causing increased inhibition of 

the fibrinolysis. Cytokines that are produced in asthma, and structural 

cells such as epithelial and endothelium cells, play an important role in 

these hemostatic processes. In addition, the inhibitory mechanisms of 

the hemostasis are impaired during chronic inflammation. Currently, 

there is no cure for asthma, only symptomatic treatment. But, treatment 

of asthma, in particular with oral corticosteroids, might further aggravate 

the hemostatic imbalance and causes an increased risk of coagulation 

disorders. Increased insight into the hemostatic mechanisms provide 

opportunities for new therapeutic targets for the treatment of asthma. 
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Introduction

In epidemiologic studies, asthma is associated with increased risk of pulmonary 

embolism (PE)1, in particular in patients with frequent asthma exacerbations2. It 

is likely that inflammation has an important contribution in the development 

of PE’s. Previous research demonstrated that inflammatory mechanisms can 

influence hemostasis3, 4. In patients with asthma, hemostasis is activated with 

increased pro-coagulant and reduced fibrinolytic activity5. This imbalance in 

the hemostasis might explain the increased risk of coagulation disorders in 

patients with asthma. 

Asthma is a chronic airway disease characterized by bronchial 

hyperreactivity, airway obstruction, microvascular leakage, and marked 

inflammatory cell infiltrate. The inflammation pattern in asthma involves 

increased numbers of activated eosinophils, neutrophils, mast cells and CD4+ 

lymphocytes which release mediators that contribute to asthma symptoms6. 

Activation of these inflammatory cells lead to IgE production and the release 

of many cytokines7, 8. Pro-inflammatory cytokines , such as TNF-α, interleukin 

(IL)-1 and IL-6, play a crucial mediatory role in the activation of coagulation 

and fibrinolysis9, 10. IL-6 is able to activate endothelial cells to increase tissue 

factor (TF) expression on the endothelium, to enhance platelet activation, 

and to stimulate the production of coagulation factors such as fibrinogen 

and factor VIII11. Eosinophils are also able to express coagulant factors12, 13 and 

neutrophils, upon activation, release neutrophil extracellular traps that not 

only capture bacteria but also induce pro-coagulant responses14. In addition, 

C-reactive protein, that is highly expressed during inflammation, can induce a 

pro-coagulant state by stimulating several hemostatic factors such as TF and 

plasminogen activator inhibitor type 1 (PAI-1)3, 15. Furthermore, after allergen 

challenge or during asthma exacerbation, leakage of plasma proteins, such 

as albumin, α2-macroglobulin and fibrin cause pro-inflammatory effects and 

are able to activate the coagulation and complement system16-18. The effects of 

inflammation in asthma on the hemostasis are shown in figure 1. Alternatively, 

coagulation also causes activation of inflammation. Activation of the 

coagulation cascade leads to a potent pro-inflammatory response since many 

hemostatic mediators, such as thrombin, fibrin, and factor Xa are capable of 

stimulating mononuclear and endothelial cells that induce pro-inflammatory 

cytokines such as IL-6 and IL-84. So in normal airways the hemostatic balance 
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is anti-coagulant and favors fibrinolysis19. But in chronic inflammatory diseases, 

such as asthma, an imbalance in the coagulation cascade occurs, with a shift 

towards a pro-coagulant state. 

In this review we will focus on the effect of asthma on coagulation and 

fibrinolysis and vice versa, since the imbalance of the hemostasis might 

cause an increased risk of coagulation disorders in patients with asthma. 

Furthermore, increased insight into the hemostatic mechanisms provide 

opportunities for new therapeutic targets for the treatment of asthma. First, we 

describe the effect of asthma airway inflammation on the coagulation cascade 

and vice versa, followed by the role of structural cells and the role of platelets 

in coagulation and asthma. Second, we discuss the effect of fibrinolysis and 

inhibitory mechanisms in asthma. Finally, we focus on the role of asthma 

treatment and hemostasis.

Figure 1 The effects of inflammation in asthma on hemostasis. 

In the epithelium of patients with asthma pro-inflammatory cytokines, such as interleukin (IL)-3, IL-4, IL-5, 
IL-6, IL-8, IL-9 and IL-13 and TNF-α, and C-reactive protein (CRP) are produced that influences activation of 
coagulation factors, such as von Willebrand factor (vWF) and tissue factor (TF). Other coagulation factors, 
such as thrombin, causes degradation of tight junctions which results in plasma leakage causing increased 
fibrin deposition. Furthermore, protease activated receptors (PARs) stimulate mast cells and B cell causing 
IgE production. 
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Coagulation cascade and asthma

Initiation of the coagulation cascade starts with the expression of tissue factor 

(TF), which plays an important role in airway diseases. TF is a transmembrane 

glycoprotein that binds and activates clotting factor VII, thereby generating 

VIIa to start the coagulation cascade. TF forms a complex with factor VIIa 

and together it catalyzes the conversion of factor X to Xa. Factor Xa converts 

prothrombin, with help of factor Va, to generate thrombin20, 21. TF becomes 

exposed on the surface of mononuclear cells and endothelial cells when they 

are stimulated by bacteria, allergens or pro-inflammatory cytokines or at sites 

of vascular injury or disruption of the endothelium. It is shown that blood 

eosinophils express TF, that becomes exposed upon cell-specific stimulation12. 

In patients with severe asthma, higher levels of soluble TF have been found 

in induced sputum compared to patients with moderate asthma and healthy 

controls. These increased TF levels correlated with the amount of eosinophils22. 

Furthermore, IL-6 and IL-8 are capable of surface expression of TF23. Another 

study showed that intrabronchial challenge with house dust mite allergen 

leads to increased levels of soluble TF in bronchoalveolar lavage (BAL) fluid 

in patients with mild allergic asthma24. TF are able to activate platelets, which 

form a plug at the site of injury causing a prothrombotic state. A potential 

source of the elevated levels of soluble TF comes from microparticles in the 

blood which can promote the thrombus formation25. Microparticles are cell-

derived membrane vesicles that can be released from the plasma membrane 

of almost all cells types via shedding14. They play an important role in cell-

cell communication during inflammation, antigen presentation, and transfer 

of signaling components26. Microparticles can also release pro-inflammatory 

mediators and chemokines and activate complement and leukocytes27. So far, 

the role of microparticles in asthma is unknown. 

The expression of TF activates the coagulation cascade which results in 

the formation of prothrombin into thrombin, which has also been shown to 

contribute to the inflammatory process and the pathogenesis of asthma28. 

Thrombin is a trypsin-like serine protease that plays an important role in the 

hemostasis where thrombin recruits platelets and generates fibrin. Thrombin 

can also activate the complement pathway by activating C3 and C529. Several 

studies have found that in asthmatic patients the amount of thrombin 

and thrombin-antithrombin complexes (TATc) are increased in sputum as 
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compared to healthy controls22, 30, 31. After allergen challenge thrombin activity 

levels are increased in BAL fluids32. Sputum TATc correlates with the percentage 

of eosinophils in sputum30. In addition, the concentrations of thrombin and 

TATc in the sputum correlates with the degree of bronchial responsiveness30. 

Terada et al. also showed an association between increased thrombin activity 

and allergic airway inflammation32. An schematic overview of the coagulation 

is given in figure 2. In summary, these results suggest that initiation of the 

coagulation plays a role in the pathophysiology of asthma. 

Figure 2 Systematic overview of the coagulation, fibrinolysis and inhibitory mechanisms in patients 
with asthma

Tissue factor (TF) becomes expressed when endothelial cells are stimulated by bacteria or pro-inflammatory 
cytokines, via microparticles, or by injury. Via the conversion of factor VII (FVII) and factor X  (FX), 
prothrombin is converted into thrombin. Thrombin causes the recruitment of platelets and activation of 
the complement pathway. Platelets form the blood clot which is further strengthened by von Willebrand 
factor (vWF). Thrombin also cleaves fibrinogen to generate fibrin. Fibrin is the end product of the coagulation 
cascade. During the fibrinolysis, fibrin is cleaved by plasmin into D-dimer and fibrin degradation products 
(FDP). Thrombin activatable fibrinolysis inhibitor (TAFI) is able to degrade fibrin. Plasmin is formed from 
plasminogen by urokinase-type plasminogen activator (uPA) and tissue-type plasminogen activator (tPA). 
Plasminogen activator inhibitor type 1 (PAI-1) is able to inhibit this formation. PAI-1 also inhibits the matrix 
metalloproteinase (MMP) system. Furthermore, antiplasmin causes inhibition of plasmin. There are three 
major anti-coagulant pathways. First, tissue factor pathway inhibitor (TFPI) inhibits FVIIa and FXa. Second, 
antithrombin neutralizes thrombin, FXa and FVIIa that is bound to TF. Third, protein C is activated when 
thrombin binds to thrombomodulin, which becomes more efficient when protein C is bound to endothelial 
cell protein receptor (EPCR). When activated protein C (APC) is bound to ECPR is has anti-inflammatory 
properties but when APC dissociates it functions as an anti-coagulant and together with protein S inactivates 
factor V and factor VIII.
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Structural cells in coagulation and asthma 

Structural cells of the airways contribute to the inflammation that influences 

hemostasis. Epithelial cells and endothelial cells produce inflammatory 

mediators and contribute to the persistence of inflammation in asthma6. It 

has been shown that alveolar epithelium can initiate coagulation through up-

regulation of TF in response of an inflammatory stimuli33. Furthermore, vascular 

endothelial cells play an important role in the inflammation induced activation 

of the coagulation. Endothelial cells are able to respond to cytokines that are 

expressed by activated leukocytes. Endothelial cells also release cytokines, 

express adhesion molecules and growth factors that further enhance the 

inflammation contributing to an imbalance of coagulation10. In addition, 

increased levels of thrombin in asthmatic patients causes abnormal production 

of mucin by bronchial epithelial cells28 and stimulates the proliferation of 

smooth muscle cells34.  Thrombin is also able to alter vascular permeability35. 

In patients with allergic asthma, allergens, such as house dust mites, are able 

to interrupt the airway epithelial and endothelial cell lining by degradation 

of tight junctions36. In this way contact between plasma and TF is facilitated. 

Allergens may also mimic toll-like receptors to enhance inflammatory signals37. 

Disruption of the tight junctions leads to tissue injury in the lungs. Upon lung 

injury epithelial cells together with protease activated receptors (PARs) are able 

to activate platelets, leukocytes and chemokines that contributes to the lung 

injury13. PARs belong to a family of G-protein coupled receptors that can be 

activated by serine proteases via proteolytic cleavage. There are four members: 

PAR-1, PAR-2, PAR-3 and PAR-4, which are widely expressed on almost all cells 

involved in asthma: epithelial cells, endothelial cells, mast cells, eosinophils, 

neutrophils, lymphocytes, smooth muscle cells, fibroblasts, and platelets38. PARs 

play an important role in the crosstalk between coagulation and inflammation. 

The TF pathway signals through activation of PAR-1 and -239, thrombin signals 

through PAR-1, -3 and -438, coagulation factors VIIa and Xa signals through 

PAR-1 and -240, while eosinophils express PAR-2 and -338, mast cells express 

PAR-238, airway smooth muscle express PAR-2, -3 and -441, 42, and airway 

epithelium expresses PAR-1, -2 and -443. Activation of PARs induces additional 

pro-inflammatory cytokines such as IL-6 and IL-835, and IgE production43 that 

contribute to the asthma pathogenesis. In asthma increased expression of 

PAR-2 has been found on airway epithelial cells41. A mice study has shown 
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that PAR-2 is activated in the airways upon allergen challenge and that PAR-2 

increased eosinophils and airway hyperresponsiveness44. Activation of PAR-2 in 

airway smooth muscle cells resulted in intracellular Ca++ response that causes 

bronchial contraction resulting in an increased response to methacholine and 

histamine42. Together, these results show that structural cells are essential in 

the interaction between airway inflammation and coagulation. 

Platelets

Platelets also play an important role in inflammatory responses. Platelets are 

small anucleated fragments of megakaryocyte precursors and form the cellular 

components of a blood clot. They are able to interact with several cells such as 

leukocytes and endothelial cells45. Platelets contribute to the recruitment and 

adhesion of eosinophils in patients with asthma via P-selectin46, 47. Increased 

activation of platelets has been observed in allergic diseases48. Platelets are 

able to express both high- and low-affinity receptors for human IgE. During 

an allergic reaction, platelets become activated and release pro-inflammatory 

and pro-coagulant mediators such as beta-thromboglobulin (b-TG) and 

platelet factor 4 (PF4) that contribute to the inflammation. Some of these 

components are associated with airway remodelling49. During coagulation 

platelets can be directly activated by thrombin, platelet activator factor (PAF) 

or pro-inflammatory mediators, such as IL-645, 50. In patients with asthma 

increased levels of b-TG and PF4 have been observed demonstrating increased 

platelet activity50-52. Moreover, increased platelet-leukocytes aggregates have 

been found after allergen challenge53, 54. While depletion of platelets has been 

associated with airway remodelling55. It has also been shown that thrombin 

is able to stimulate the expression of platelet derived growth factor (PDGF) 

via PAR-1 in alveolar and bronchial epithelial cells56. In addition, when the cell 

lining in the lung becomes damaged the underlying collagen gets exposed 

and platelets are then capable of binding to the collagen. This adhesion is 

further strengthened by von Willebrand factor (vWF)57. vWF is an acute phase 

glycoprotein that is released into the circulation upon injury and strengthens 

the blood clot. It also serves as carrier for factor VIII58. Several pro-inflammatory 

mediators, such as TNF-α and IL-6, causes the release of vWF from endothelium 

or platelets3. In children with asthma attack vWF levels were found to be 
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increased59. Overall, these results indicate that platelets play an important role 

in atopic asthma, airway hyperresponsiveness and airway inflammation.

Fibrinolysis

Several studies have shown that impaired functioning of the fibrinolysis is also 

associated with asthma. At the end of the coagulation cascade, fibrin is generated 

after cleavage of fibrinogen which is facilitated by thrombin. Fibrinogen is an 

acute phase reactant and increases during inflammatory situations60. Fibrin 

marks the start of the fibrinolysis, in which fibrin is cleaved by plasmin into fibrin 

degradation products (FDP) and D-dimer. Fibrin and fibrinogen can directly 

influence the production of pro-inflammatory cytokines and chemokines, such 

as IL-6 and IL-84. In the airways of patients with asthma increased levels of fibrin 

has been observed. Patients with severe asthma had increased levels of FDP 

in sputum22 and blood61 and FDP correlated with sputum eosinophils count22. 

Fibrin disposition in the airways has been associated with increased airway 

hyperresponsiveness62. Furthermore, fibrinogen in the airways stimulates 

cytokine expression by macrophages which enhances the recruitment of other 

immune cells contributing to inflammation63. D-dimer levels were also found 

to be higher in patients with asthma compared to controls64. These results 

shown that there is impaired fibrinolysis is patients with asthma. 

In addition, the plasminogen activator system has also been implicated in 

asthma pathophysiology. This system causes the formation of plasmin from 

plasminogen by tissue-type plasminogen activator (tPA), and urokinase-type 

plasminogen activator (uPA), which are both serine proteases. Antiplasmin 

causes inhibition of plasmin but the main inhibitor of the plasminogen activator 

system is plasminogen activator inhibitor type 1 (PAI-1) which is a member of 

the serine protease inhibitor family. When inflammation induces coagulation, 

high levels of PAI-1 has been found indicating impaired inhibition of the 

fibrinolysis65. Increased levels of PAI-1 promote extracellular matrix deposition 

(ECM) in the airways of a murine model of chronic asthma66. PAI-1 also causes 

inhibition of the matrix metalloproteinases (MMP) system67, 68. The MMP system 

contains enzymes that contribute to extracellular matrix modelling and 

degradation. Upon allergen challenge increased levels of MMP-2 and -9 has 

been observed and this is associated with infiltration of inflammatory cells and 
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airway remodelling8. Furthermore, several cells types that are present in the 

asthmatic airways, such as bronchial epithelial cells, macrophages, and mast 

cells have the ability to produce PAI-1, tPA, and uPA69, 70. Inflammatory cytokines 

such as IL-1, IL-6 and TNF-α are capable of altering the expression of plasmin 

system components such as PAI-1 gene transcription67, 71. In the sputum of 

patients with asthma increased levels of PAI-1 and uPA have been found22, 72, 

73 and increased levels of t-PA in blood61. Upon allergen challenge increased 

levels of PAI-1 were detected in blood of allergic asthmatics74 and increased 

PAI-1 levels were found in sputum of asthmatics during common colds70, 75. 

Increased PAI-1 levels in asthmatics have been associated with significantly 

lower lung function76. Further evidence of a role of PAI-1 in the pathogenesis 

of asthma comes from epidemiologic studies. The 4G/5G polymorphism in the 

PAI-1 promoter region is associated with the risk and severity of asthma77, 78. This 

polymorphism regulates the amount of PAI-1 that is released upon exposure to 

allergens. The 4G allele of the polymorphism is associated with lower baseline 

lung function and increased bronchial reactivity to histamine78. An schematic 

overview of the fibrinolysis is given in figure 2. Altogether, these data suggest 

that malfunctioning of the fibrinolysis contributes to asthma pathophysiology. 

Inhibitory mechanisms 

During inflammation, the natural anti-coagulant pathways are impaired by 

inflammatory cytokines and activated neutrophils79, 80. There are three major 

anti-coagulant pathways: tissue factor pathway inhibitor (TFPI), antithrombin 

and protein C (PC) system. TFPI is a serine protease inhibitor that is secreted 

by endothelial cells and inhibits coagulation by inactivating factor VIIa that 

is bound to TF, and prevents activation of factor X to Xa10, 81. Furthermore, 

antithrombin is a serine protease inhibitor that neutralises thrombin, factor 

IXa, factor Xa and factor VIIa that is bound to TF4. Besides the coagulation 

cascade, antithrombin also inhibits cellular signalling3 and has direct anti-

inflammatory activity81. The main inhibitor of the coagulation pathway is the 

PC system. Protein C is a vitamin-K dependent zymogen to an anti-coagulant 

protease82. This system is triggered when thrombin binds to thrombomodulin 

which is a membrane bound glycoprotein. The thrombin-thrombomodulin 

complex activates protein C directly or more efficiently when it is bound to 
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endothelial cell protein receptor (ECPR). When activated protein C (APC) is 

bound to ECPR it has anti-inflammatory effects but when APC dissociates 

from ECPR, it functions as anti-coagulant29. Several studies found that in 

patients with asthma the PC system is impaired. In sputum of asthmatic 

patients lower levels of protein C31, 83 and increased levels of thrombomodulin 

has been reported83. Under normal conditions, protein C and APC inhibit the 

migration of eosinophils towards chemo-attractants via ECPRs84. Inhalation 

of APC in a mouse model showed inhibition of eosinophilic inflammation, 

reduced Th2 cytokine expression,  inhibition of airway hyperresponsiveness 

and suppression of coagulation activity85. However, inhalation of recombinant 

human APC amplified both pro-coagulant and pro-inflammatory effects in 

LPS challenged lung segments in humans, as compared to the contralateral 

‘control’ lung segments with saline inhalation86. Moreover, it has been shown 

that pro-inflammatory cytokines such as TNF-α and IL-1 causes a significant 

down-regulation of thrombomodulin and protein C87, 88. Furthermore, APC is 

able to bind to protein S. Together, APC and protein S can degrade coagulation 

factors such as factor Va and VIIIa89. APC also plays a role in the protection of 

the endothelial barriers via PAR-190. The thrombin-thrombomodulin complex 

is also a potent activator of thrombin activatable fibrinolysis inhibitor (TAFI), 

that inhibits fibrinolysis by cleaving the lysine residues of degraded fibrin and 

leads to reduction of plasmin generation91. In addition, to its anti-fibrinolytic 

properties, TAFI is a very effective inhibitor of C3a and C5a of the complement 

cascade4. Increased levels of C3a and C5a has been found in asthma92. Activation 

of complement, mainly C5a, in neutrophils can up-regulate TF expression93. A 

mouse model of LPS induced acute lung injury showed that exogenous protein 

S can prevent the increase of pro-inflammatory cytokines94. Thrombomodulin 

has been shown to inhibit allergic bronchial asthma by the introduction of 

tolerogenic dendritic cells95. In addition, during inflammation protein S is 

expressed in lower levels. Decreased levels of protein S are caused by binding 

of protein S with complement regulatory protein C4b binding protein (C4bBP) 

that is released during the acute phase reaction in inflammatory diseases96. 

Moreover, after allergen challenge the APC/thrombin and APC/PC ratios were 

decreased in sputum of patients with asthma24, 83. An schematic overview of 

the inhibitory mechanisms is given in figure 2. In summary, impairment of the 

natural inhibitory mechanisms plays an important role in the pathogenesis of 

asthma. 
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Treatment of asthma 

Several studies have reported that the use of corticosteroids is associated 

with an increased risk of coagulation disorders. Currently, there is no cure 

for asthma, only symptomatic treatment. Corticosteroids, both inhaled 

and oral, are the mainstay of asthma treatment. But the use of, mainly oral, 

corticosteroids is likely to have an additional effect on hemostasis97 besides the 

already increased pro-coagulant and reduced fibrinolytic activity in patients 

with asthma. The use of corticosteroids has been linked with an increased 

risk of venous thromboembolism (VTE) and pulmonary embolism (PE). In a 

population-based case-control study the use of oral corticosteroids has been 

associated with a more than twofold increased risk for VTE, with a higher risk for 

new users. For the use of inhaled corticosteroids, only new use was associated 

with an increased risk of VTE98. In addition, a dose-response relationship was 

seen, with a twofold increased risk of PE for low dose of oral corticosteroids 

(prednisolone<5mg) and an almost 10-fold increased risk of PE for the 

highest dose (prednisolone>30mg)99. Several studies have shown effects of 

the use of corticosteroids on hemostatic factors. Corticosteroids are able to 

inhibit cytokines that play a role in chronic inflammation, and it also leads 

to reduced expression of adhesion molecules. Furthermore, corticosteroids 

have an inhibitory effect on plasma exudation and they reduce the survival of 

eosinophils100. High doses of dexamethasone caused an increase in vWF levels, 

suggesting increased endothelium activation101. The use of dexamethasone in 

healthy male volunteers lead to significant increases in factors VII, VIII, and XI 

and increased fibrinogen102. Patients with moderate asthma that were treated 

with inhaled corticosteroids tended to have increased TF and PAI-1 levels, 

and reduced fibrinogen and plasminogen, although these results were not 

significant22. Together, these results indicate that the use of corticosteroids have 

an effect on hemostatic factors, which potentially contributes to an increased 

risk of coagulation disorders. 
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Conclusion

To conclude, in patients with asthma structural cells of the airways contribute 

to persistence of airway inflammation, and together with plasma leakage, this 

leads to increased expression of coagulation factors such as TF and thrombin. 

Platelets also contribute to the asthma pathophysiology. Furthermore, 

malfunctioning of the fibrinolysis leads to increased PAI-1 levels, and impairment 

of the natural inhibitory mechanisms also enhances airway inflammation 

in asthma. So, in patients with asthma the hemostatic balance is disturbed 

towards increased pro-coagulant activity and reduced fibrinolytic activity. This 

imbalance might explain the increased risk of coagulation disorders such as PE. 

Moreover, the disturbed hemostatic balance may be further aggravated by the 

use of corticosteroids, in particular by oral corticosteroids. Increased insight 

into the interaction between hemostasis and asthma provide opportunities for 

the identification of new therapeutic targets for the treatment of asthma, in 

particular for patients with severe, refractory disease. 
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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-alpha2-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-alpha2-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 
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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) of at least 12% after 400μg salbutamol, or airway hyperresponsiveness 

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

baseline (PC
20 

<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. 
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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 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 
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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. 

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 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 
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Table 1 Characteristics of healthy controls, mild asthma, severe asthma and prednisolone-dependent 
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) (Juniper EF, O’Byrne PM, 
Guyatt GH, Ferrie PJ, King DR. Development and validation of a questionnaire to measure asthma control. 
Eur Respir J 10/1999 1999;14(4):902-907).

A trained lung function technician performed spirometry (Miller MR, Hankinson J, Brusasco V, et al. 
Standardisation of spirometry. Eur Respir J 8/2005 2005;26(2):319-338). 

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 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 
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(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). 

Table 2 Coagulation and fibrinolysis parameters for healthy controls, mild asthma, severe asthma 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-alpha2-antiplasmin 
complex, PAI-1 = plasminogen activator inhibitor type 1, ETP = endogenous thrombin potential

36188 Sneeboer, Marlous.indd   42 27-06-16   16:22



3

Prothrombotic state in patients with asthma

43

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. 

Figure 1 Endogenous thrombin potential (ETP) in plasma of healthy controls, mild asthma, severe 
asthma, and prednisolone-dependent asthma patients.

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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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 
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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 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, 

36188 Sneeboer, Marlous.indd   46 27-06-16   16:22



3

Prothrombotic state in patients with asthma

47

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 (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: Epidemiologic studies have shown that patients 

with severe asthma have increased risk of pulmonary embolism, in 

particular patients with frequent asthma exacerbations. Therefore, we 

hypothesized that asthma exacerbations are associated with increased 

hemostatic activity. 

Objective: To investigate if induced loss of asthma control is associated 

with changes in coagulation and fibrinolytic parameters in peripheral 

blood. 

Methods: We performed a prospective, inhaled steroid-withdrawal study 

in 23 patients with moderate to moderately severe asthma, consisting of 

a baseline visit and a visit after loss of asthma control. During the visits 

we measured asthma control questionnaire (ACQ), atopy, lung function, 

inflammatory markers (eosinophils and neutrophils), and hemostatic 

parameters in plasma. 

Results: Complete cessation of inhaled corticosteroids led to a loss of 

asthma control in 22 out of 23 patients. We found increased asthma 

symptoms (ACQ 0.9 vs. 2.9, p<0.01), significantly reduced lung function 

(forced expiratory volume in 1 second (FEV1
) 3.51L vs. 3.13L, p<0.01) and 

increased levels of eosinophils in plasma (0.26x10E9/L vs. 0.16x10E9/L, 

p=0.03) in patients after loss of asthma control. However, we observed 

no significant changes in the coagulation and fibrinolysis parameters. 

Conclusion: Loss of asthma control after cessation of inhaled 

corticosteroids does not lead to increased hemostatic activation in 

patients with moderate to moderately severe asthma. This suggests 

that more severe inflammation or additional risk factors are required for 

activation of coagulation or reduction of fibrinolysis in asthma. 
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Introduction 

Asthma is a chronic inflammatory disease of the airways. Despite adequate 

treatment, a large proportion of patients with asthma are difficult to control 

and have frequent exacerbations, with increased eosinophilic airway 

inflammation1. Inflammatory processes can influence hemostasis2, 3 and also in 

patients with asthma, hemostasis is activated4. Pro-coagulant factors such as 

tissue factor (TF), thrombin activity, thrombin-antithrombin complex (TATc)5-7, 

and fibrinolytic factors such as plasminogen activator inhibitor type-1 (PAI-1) 

have been shown to be increased8-10 in plasma or sputum of these patients. 

Some of these pro-coagulant factors have been shown to be associated with 

eosinophilic airway inflammation, airway hyperresponsiveness and asthma 

severity5, 7.  

Epidemiologic studies have shown that severe asthma is associated with 

increased risk of pulmonary embolism11, in particular in patients with frequent 

asthma exacerbations12. The mechanisms underlying the development of 

pulmonary embolisms in these patients are still unclear, but an important 

contribution of inflammation is likely. In the present study we hypothesized 

that an increase in airway inflammation due to loss of asthma control is 

associated with increased hemostatic activity.  The aim of our study was 

therefore to investigate whether induced loss of asthma control in patients 

with moderate to moderately severe asthma is associated with changes in 

coagulation and fibrinolytic parameters in peripheral blood, and whether 

these changes are associated with increases in eosinophils or neutrophils in 

peripheral blood. Loss of asthma control was induced by complete withdrawal 

of inhaled corticosteroids. 

Methods 

Subjects

Twenty-three adult patients with asthma from the pulmonary outpatient 

clinic of the Academic Medical Center Amsterdam were included in the 

study. The diagnosis of asthma was confirmed by at least 12% reversibility 

in forced expiratory volume in 1 second (FEV
1
) after 400μg salbutamol or 

airway hyperresponsiveness (PC
20

 methacholine <8mg/ml) during the past 
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5 years. All patients had moderate to moderately severe asthma according to 

the GINA criteria13 and used a daily dose of inhaled corticosteroids of at least 

500µg fluticasone or equivalent. Patients were excluded if they were smokers 

or had a smoking history of more than 5 pack years, had a change in inhaled 

corticosteroids dose, had oral corticosteroids or had experienced a respiratory 

infection within 4 weeks prior to screening. Also, patients who were pregnant 

or had any concomitant disease or inherited coagulation disorder, which could 

interfere with the conduct of the study were excluded. 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): NTR3316. 

Design 

The study was part of a clinical trial investigating the effect of loss of asthma 

controls on biomarkers of airway inflammation. This study had a prospective 

follow-up design, consisting of a baseline visit, and a “loss of asthma control” 

visit. At the baseline visit spirometry, measurement of fractional exhaled nitric 

oxide (FeNO), skin prick test, nasal swabs, and blood collection were performed 

in eligible patients. Following this baseline visit patients discontinued the 

use of inhaled corticosteroids and were closely monitored on a daily base by 

email or text message for symptoms and electronic peak expiratory flow (PEF) 

measurements for a maximum period of eight weeks14. As soon as the patients 

showed loss of asthma control according to predefined criteria outlined below, 

a second visit was scheduled at the lung function laboratory at which all 

measurements of the baseline visit were repeated, except for skin prick test. 

Loss of asthma control was defined by the subjects meeting two of the three 

following criteria: 1) a decrease in prebronchodilator morning PEF of more than 

20% compared to baseline on at least two consecutive days; 2) wakening due 

to asthma on two consecutive nights; 3) increase in the need of short-acting 

inhaled β2-agonist to more than eight puffs per day on two consecutive days14.  

Measurements 

Asthma control was assessed by the Juniper asthma control questionnaire 

(ACQ)15. A trained lung function technician performed spirometry, according 

to the European Respiratory Society (ERS) recommendations16. FeNO 

measurement was performed with a portable rapid-response chemiluminescent 
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analyzer (flow rate 50mL/s; NIOX system, Aerocrine, Sweden) according to 

the guidelines of the American Thoracic Society17. Allergy test was done by 

puncture skin testing for twelve common aeroallergens. Nasal swabs were 

assessed for the presence of common respiratory viruses by multiplex qPCR, as 

currently used for the diagnosis of respiratory infections in routine diagnostics 

at the Academic Medical Center Amsterdam. Venous blood was analyzed 

for C-reactive protein (CRP) and complete white blood cell count including 

differential cell count (to count the number of eosinophils and neutrophils). 

Measurements of TATc (Siemens healthcare diagnostics, Marburg, Germany), 

plasmin-antiplasmin complex (PAPc) (DRG, Marburg, Germany), and PAI-1 

(Hyphen BioMed, Andrésy, France) were determined by ELISA in plasma. Von 

Willebrand factor (vWF) was determined in plasma 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). D-dimer levels were measured in plasma with 

a particle-enhanced immunoturbidimetric assay (Innovance D-dimer, Siemens 

healthcare diagnostics, Marburg, Germany).

Statistical analysis

Paired t-tests or Wilcoxon signed rank tests were used for comparison of the 

data between the visits. Fold changes (ratio of baseline and loss of control 

scores) were computed for each variable. Linear regression analysis was 

used to correlate fold changes of inflammatory parameters with coagulation 

and fibrinolytic parameters. P-value <0.05 was considered significant. SPSS 

Statistics (Version 20.0. Armonk, NY: IBM Corp) was used for the data analysis. 

Sample size estimation was based on measurement of PAI-1 levels in peripheral 

blood. The results of Tutluoglu et al. showed an difference of 8.3 ng/ml in PAI-1 

levels in plasma of patients with asthma attacks and after 1 week of therapy 

(resp. 75.2 (27.2) ng/ml vs. 83.5 (29.6) ng/ml)10. Since this was an asthma attack 

instead of a loss of control we assumed a lower effect size (4.15 ng/ml for PAI-

1). By including six patients we would detect this expected difference with a 

power of 80%. Furthermore, it was estimated that 50% of included patients 

would develop loss of control14, 18, therefore we had to include at least twelve 

patients to ensure power for the PAI-1 levels. 
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Results 

Twenty-two out of 23 asthma patients reached the criteria for loss of asthma 

control (Figure 1) and were included in the analysis. Baseline characteristics of 

these patients are described in table 1. Gender was not equally distributed, 6 

males (27%) and 16 females (73%). The median time until loss of control was 22 

days (Interquartile range (IQR)=16.8–33.0).  4 out of 22 patients had a positive 

PCR for respiratory viruses at baseline or loss of control visit. 

Figure 1 Flow diagram of the study

Assessed for eligibility (n = 28)

Continued with study (n = 23)

Analysed (n = 22)

Excluded (n = 5)
• Not meet inclusion criteria (n = 2)
• Withdrawal consent (n = 3)

Did not reach exacerbation (n = 1)

Table 1 Baseline characteristics of patients with moderate to moderately severe asthma (N=22)

Gender (male/female) 27% / 73%

Age (years)* 28.3 (9.8)

BMI (kg/m2)* 25.2 (4.4)

Duration of asthma (years) ‡ 14.5 (6.8 – 23.0)

Inhaled corticosteroids average
(500/1000 µg fluticasone)

73% / 27%

Long acting beta agonists (LABAs) (yes/no) 77% / 23%

Atopy (yes/no) 95% / 5%

Median days until loss of control 
(days)‡

22.0 (16.0 – 33.0)

Viral infection (yes/no) 18% / 82%

*Mean (standard deviation) ‡ median (interquartile range)
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At the loss of control visit patients had increased ACQ scores (0.9 vs. 2.9, 

p<0.01), lower prebronchodilator FEV
1 

(3.51 L vs. 3.13 L, p<0.01), increased 

FeNO levels (18.8 ppb vs. 33.3 ppb, p<0.01), and higher eosinophil counts in 

plasma (0.16x10E9/L vs. 0.26x10E9/L, p=0.03) as compared to baseline (Table 

2). We observed no significant differences for neutrophils and CRP.  Despite 

evidence of eosinophilic airway inflammation there were no significant 

changes in vWF, TATc, PAPc, PAI-1, D-dimer in plasma between baseline and 

loss of asthma control (Table 2). 

Table 2 Clinical, inflammatory, coagulation and fibrinolytic parameters at baseline and loss of control in 
patients with moderate to moderately severe asthma (N=22)

Baseline Loss of control

Median IQR Median IQR p-value

ACQ 0.9 0.4 – 1.3 2.9 2.6 – 3.1 <0.01

Pre FEV1
 (L) 3.51 3.09 – 4.04 3.13 2.69 – 3.50 <0.01

FeNO (ppb) 18.8 9.5 – 40.5 33.3 17.8 – 71.3 <0.01

Eosinophils plasma (10E9/L) 0.16 0.10 – 0.35 0.26  0.15 – 0.46 0.03

Neutrophils plasma  (10E9/L) 3.66 2.83 – 5.31 3.53 2.96 – 5.12 0.74

CRP plasma (mg/L) 1.55 0.75 – 3.48 1.30 0.50 – 5.43 0.95

vWF plasma (%) 108 89 – 138 110 78 – 131 0.98

TATc plasma (µg/L) 2.8 2.3 – 3.4 2.9 2.4 – 4.0 0.28

PAPc plasma (µg/L) 514 416 – 630 459 306 – 732 0.92

PAI-1 plasma (ng/mL) 26.5 14.5 – 46.0 24.0 16.8 – 45.8 0.33

D-dimer plasma (mg/L) 0.19 0.10 – 0.25 0.21 0.10 – 0.37 0.12

IQR = interquartile range

In addition, there was no significant correlation between eosinophils or 

neutrophils and any of the coagulation or fibrinolytic parameters in plasma. 

However, we did observe a positive correlation between the fold changes (ratio 

of baseline and loss of control scores) of the two acute phase proteins CRP and 

vWF (R=0.81 p<0.01) in plasma (Figure 2). 
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Figure 2 Correlation of the fold changes (ratio of baseline and loss of control scores) of C-Reactive 
Protein (CRP) with von Willebrand Factor (vWF) in plasma of patients with moderate to moderately 
severe asthma (N=22)

Discussion 

This study shows that loss of asthma control with increased eosinophilic 

airway inflammation after cessation of inhaled corticosteroids in patients with 

moderate to moderately severe asthma is not associated with activation of 

coagulation or fibrinolysis. No correlation between eosinophil or neutrophil 

counts in blood with any of the coagulation and fibrinolytic parameters was 

observed. However, there was an expected correlation between CRP and 

vWF. These results suggest that a flare-up of eosinophilic inflammation of the 

airways during an induced loss of control in asthma is not accompanied with 

hemostatic changes. 

Our study is the first to investigate the effect of experimentally induced loss 

of asthma control on coagulation and fibrinolysis in patients with asthma. In a 

previous study hemostatic parameters were measured during a spontaneous 

asthma attack while patients were on inhaled corticosteroids treatment. That 

study showed increased plasma levels of PAI-1 in patients during an asthma 

attack as compared to healthy controls10. We did not observe a change in PAI- 1 

during loss of control, which might be due to the difference in the cause of 

loss of asthma control. Other study showed a significant increase of sputum 

plasminogen but no change of thrombin activity, PAI-1 and D-dimer levels in 
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sputum before and after tapering of inhaled corticosteroids without leading 

to a loss of asthma control5. Sputum may provide information about the local 

conditions in the lung, but systemic measurements provide better information 

about potential coagulation complications like thrombosis and therefore 

would be more clinically relevant.

How can we explain the lack of coagulation activation in patients with loss 

of asthma control? First, the extent and the severity of the airway inflammation 

during loss of asthma control might be of importance for the induction of 

hemostasis. In our study a relatively mild loss of asthma control was induced, 

which did not lead to increased hemostatic activity but when local airway 

inflammation is more severe, for example in patients with severe asthma, 

a severe loss of asthma control or exacerbation could potentially lead to 

increased hemostatic activity. 

Second, the type of trigger causing loss of asthma control may to be 

important in inducing hemostatic activity. Studies have found that atopic 

sensitization and allergic rhinitis are more common among patients with 

venous thromboembolism as compared to healthy control subjects19, 20. 

Increased levels of PAI-121 and activated platelets22-24 have been found in 

patients suffering from allergic disorders suggesting that allergen exposure 

might be an important factor contributing to activation of coagulation and 

fibrinolysis. 

In addition, previous studies showed that naturally occurring acute 

respiratory infections activate coagulation. Non-asthmatic, elderly subjects 

with influenza-like illness or flu-like symptoms showed increased levels 

of vWF, PAPc and D-dimer levels when compared to baseline25, 26. Another 

study showed that during severe influenza A virus infection in mice, platelet 

activation worsened the severity of lung injury27. Furthermore, common 

cold infections increases PAI-1 levels in both the upper and lower airways of 

patients with asthma28. Also, experimental rhinovirus infection in patients 

with mild asthma induced pro-coagulant changes, resulting in shortening of 

the fibrin generation test in bronchoalveolar lavage fluid and increased PAI-1 

levels in plasma. Moreover, activation of coagulation correlated with viral load 

in both upper and lower airways29. In our study, only 4 out of 22 patients had a 

positive viral PCR indicating that their loss of asthma control might have been 

caused by viral respiratory infection. Due to the small number of patients it 

was not possible to perform subgroup analysis although exclusion of these 
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patients did not change our results. So, patients with exposure to allergens 

and with viral respiratory infections who are non-compliant to therapy might 

be at the highest risk to develop venous thromboembolism due to increased 

coagulation activation. 

The strength of our study is the prospective and experimental design, 

in which a loss of asthma control was induced under controlled conditions. 

However, we cannot exclude the influence of some potential confounding 

factors. First, one can argue that this study had not enough power to 

demonstrate differences in coagulation and fibrinolytic parameters. However, 

based on our own data, we performed a posteriori power calculations. Results 

indicated that with 80% power and a difference of 2.44 (0.63) µg/L for TATc 

levels, 17.05 (4.65) µg/L for PAPc levels, and 7.14 (1.83) ng/mL for PAI-1 levels 

only a minimum of 3 subjects would be needed. 

Secondly, in this study we had an unequal male/female ratio, with more 

females. Since many women in our study (9 out of 16) used oral contraceptives, 

this might have influenced coagulation activity, towards a pro-thrombotic 

state30. However, we did not find differences between women with or without 

oral contraceptive use, so we did not consider this potential confounder to be 

important. 

Overall, the results of our study suggest that whilst steroid withdrawal 

induces a loss of asthma control, it does not lead to activation of coagulation 

and fibrinolysis despite evidence of a flare-up of eosinophilic airway 

inflammation. Whether activation of hemostasis occurs in other types of loss 

of asthma control, such as allergen or virus induced, or in patients with more 

severe disease cannot be excluded. Still, it is clinically reassuring that relatively 

mild losses of asthma control, which occur in the majority of patients with 

asthma, are not associated with increased hemostatic activity and risk of 

thromboembolic events. 
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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 haemostasis 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 complex (TATc), 

D-dimer, plasmin-alpha2-antiplasmin complex (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). 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 haemostasis5, 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 
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informed consent. The study was registered at the Netherlands trial registry, 

number NTR3101. 

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 pack years 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.
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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, 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 time 
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points 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 time point 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. 

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). 
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Figure 1 Flowchart of the study

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

Ex-smoker (n, %) 3 19% 4 27% 0.61

# pack years* 0 0-0 0 0-1 0.77

*Median with interquartile range
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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% 

(SD18), 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 haemostasis 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, (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.
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Figure 2 Absolute change from baseline at day 1 and day 10 for von Willebrand factor, Peak thrombin, 
and Velocity index. (** p<0.01)

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. 
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Figure 3 Absolute change from baseline at day 1 and day 10 for PAPc and PAI-1. 

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, and XI in healthy subjects11. In contrast, TAT-c 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 219. 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 
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observed the effect dexamethasone 10mg for 5 days on PAI-1 in 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 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 
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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: 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 complex 

(TATc)), fibrinolysis (D-dimer, plasminogen activator inhibitor type 1(PAI-

1), plasmin-alpha2-antiplasmin complex (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.
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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.
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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. 

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 FEV
1
 (PC

20
) <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 pack years 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 
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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) 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.
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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 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). 
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Figure 1 Flow diagram of the study

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. 

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) ‡ 34.1 (23.5) 32.5 (25.5) 0.79

*mean ± standard deviation or ‡ median with interquartile range 
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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 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.
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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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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). 

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 coagulation 8, 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 vWF 9, 

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 studies 25. Finally, our observation 
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of 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 disease 26, 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 lines 28-30. A reduction in fibrinolysis, in turn, has been shown to 

increase the venous thromboembolic risk 31. 

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 transcription 21, 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 embolism 1, 2, 

acute coronary syndrome3, 4 and stroke 5, but it also suggests that any patient 

receiving frequents bursts or chronic administration of oral corticosteroids is 

at increased risk to develop thromboembolic events 34, 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 se did 

not influence this risk. However, the presence of eosinophilic inflammation, as 

measured by FeNO and peripheral blood eosinophils, did show an increased 
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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, 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

Introduction: Chronic inflammatory diseases predispose for 

development of a first pulmonary embolism (PE). Previous studies 

showed that corticosteroids, which are the mainstay of treatment 

for inflammatory diseases, enhance the risk of a first venous 

thromboembolism. Yet, it is unknown whether corticosteroids also 

predispose for recurrent events. Therefore, we investigated the 

association between oral and/or inhaled corticosteroid use and the risk 

of recurrent PE. 

Methods: We performed a nested case-control study using the 

PHARMO Database. Adult patients who had suffered from a first PE for 

which vitamin K antagonists were prescribed, were eligible. Of these, 

384 patients with recurrent PE were matched to 1030 patients without 

recurrent PE. 

Results: We showed that oral or inhaled corticosteroids was ever used 

by 22.7% and 20.6% of patients with recurrent PE, and 23.5% and 21.5% 

of the patients without recurrent PE. There was an overall association 

between oral corticosteroid use and the risk of recurrent PE (p=0.02). 

Current use of oral corticosteroids increased the risk of recurrent PE (OR 

3.74; 95%CI 2.04–6.87), whereas past use reduced the risk (OR 0.46; 95%CI 

0.28–0.74). A similar pattern was observed for inhaled corticosteroids, 

although less strong (p=0.10). 

Conclusions: Current use of oral corticosteroids is associated with 

increased risk of recurrent PE. Whether this increased risk is caused by 

oral corticosteroids themselves, or by the underlying disease, or both, 

needs further investigation. Nevertheless, given the frequent use of 

corticosteroids in clinical practice, clinicians should be aware of this risk. 
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Introduction 

Acute pulmonary embolism (PE), is a major cause of morbidity and mortality1. 

Studies have shown that chronic inflammatory diseases such as asthma, 

chronic obstructive pulmonary disease (COPD), inflammatory bowel 

disease and rheumatoid arthritis predispose to the development of PE2- 5. 

A significant proportion of  patients suffer from recurrent PE, in particular 

after discontinuation of anticoagulant therapy6. Recurrent PE is even more 

threatening, since this is not only associated with higher annual mortality rate 

(9%) 7, but may also lead to chronic thromboembolic pulmonary hypertension 

(CTEPH), a fatal condition in up to two thirds of patients8, 9. In addition, current 

guidelines recommend lifelong anticoagulant treatment for patients with 

recurrent PE, which is important from a clinical and socioeconomic point of 

view10.

One of the potential risk factors of first PE in patients with chronic 

inflammatory diseases includes the use of corticosteroids4, 11, 12. Since most of 

these patients require treatment with inhaled or oral corticosteroids for control 

of their disease it is important to know whether the use of these drugs also 

predisposes for recurrent events. 

 Therefore, in the present study we investigated whether the use of oral 

and/or inhaled corticosteroid is associated with a recurrent PE in patients who 

already have experienced a first PE. In addition, we investigated whether the 

timing of corticosteroid use (current, recent or past) influenced the risk of 

recurrent PE. To that end, we performed a nested case-control study, using a 

large Dutch population-based disease registry.

Methods 

Study design, setting and population

For this nested case-control study we used the PHARMO Record Linkage 

System (PHARMO Institute, Utrecht, the Netherlands; http://www.pharmo.nl), a 

Dutch population-based registry. This system includes data of more than three 

million residents with demographic data and medication histories of patients 

visiting Dutch community pharmacies. The medication histories are linked to 

hospital admission records. For this study, drug prescription data and hospital 

36188 Sneeboer, Marlous.indd   105 27-06-16   16:22



Chapter 7

106

admission and discharge codes were used. Drugs were coded according to the 

Anatomical Therapeutic Chemical (ATC) Classification. The hospital admission 

and discharge codes were coded according to the International Classification 

of Diseases Ninth Revision (ICD-9) Clinical Modification. 

Patients aged 18 years and older with a primary diagnosis of PE (ICD-9 code: 

415.1) and a prescription for vitamin K antagonists registered in the PHARMO 

Database in the period from 1998 until 2008 were selected. Cases were defined 

as patients with a diagnosis of recurrent PE (based on ICD-9 code) and were 

matched to controls without a recurrent PE (1:3 ratio) based on gender, date of 

birth (+/- 3 years), and date of first PE (+/- 3 years). The index date was the date 

of the recurrent PE for the cases and an identical time point for the controls was 

selected. 

Medication use and hospitalization codes

All use of medication was based on drug prescription data and assessed prior 

to the index date. Medication use was categorized according to different time 

points before the recurrent event (index date): current use (<1 month prior to 

recurrent PE), recent use (1–6 months prior to recurrent PE) and past use (>6 

months prior to recurrent PE) (Figure 1). We identified all prescriptions for oral 

corticosteroids (ATC code: H02AB 01, 02, 04, 06–09), inhaled corticosteroids 

(R03BA 01–04, R03BA 06–08), heparin use (B01AB01, 04, 05, 06, 09, 10, 

B01AX05), vitamin K antagonist use (B01AA04, 07), and acetylsalicylic acid 

(B01AC06), clopidogrel (B01AC04), and carbasalate calcium (B01AC08). The 

group of oral corticosteroids was further categorized into two categories; 

low dose if treatment was < 30 mg of prednisolone or equivalent; and high 

dose if treatment was ≥ 30 mg of prednisolone or equivalent. Furthermore, we 

evaluated all patients for hospitalization of the following co-morbidities based 

on ICD codes: asthma (ICD-9 code: 4930 – 4939), COPD (496), sarcoidosis (135), 

emphysema (4920 – 4928), chronic bronchitis (490 – 4919), bronchiectasis (494), 

Crohn’s disease (5550 – 5559), ulcerative colitis (556), lupus erythematosus 

(6954, 7100), rheumatoid arthritis (714), fractures/trauma (800 – 869), and 

malignancies/cancer (140 – 209). 
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Figure 1 Duration of medication use prior to recurrent pulmonary embolism. 

The use of medication was categorized into non use, current use (<1 month prior to recurrent PE), recent use 
(1–6 months prior to recurrent PE) and past use (>6 months prior to recurrent PE). 

Statistical analysis

Continuous variables are expressed as mean ± standard deviation or median 

with interquartile range (IQR), depending on the distribution of the data and 

categorical variables are expressed as counts with percentages. Chi-square test 

was used to compare the groups of patients with and without recurrent PE for 

their use of corticosteroids. Conditional logistic regression analysis was used to 

estimate the risk of recurrent PE associated with current, recent or past use of 

corticosteroids with no use as the reference value. The risk was expressed as an 

odds ratio (OR) with a 95% confidence intervals (CI). We adjusted for potential 

confounding factors by means of multiple regression models. All statistical 

analyses were performed using SPSS (Version 20.0. Armonk, NY, USA: IBM 

Corp). A two-tailed p-value of <0.05 was considered significant. 

Results

Study population

Of the 1414 patients with a first PE in the PHARMO Database, 384 patients 

suffered from a recurrent PE. In the patients with recurrent PE, the median time 

from the first to the recurrent PE was 14 months (IQR 7.0 – 33.8 months). In all 

patients, the median duration of vitamin K antagonists treatment after the first 

PE episode was 9.6 months (IQR 6.5 – 24.8 months). Patients with recurrent 

PE were matched to 1030 patients without recurrent PE. Matching resulted in 

similar numbers of women (191 (49.7%) vs. 508 (49.3%)), and age (mean 64.8 

(16.2) vs. 65.3 (16.0) years) (Table 1). In the group of patients that had recurrent 

PE, 6 (1.6%) was ever hospitalized for asthma or COPD, 1 (0.3%) for Crohn’s 

disease or ulcerative colitis, 4 (1.0%) for systemic lupus erythematosus or 

rheumatoid arthritis, and 12 (3.1%) for cancer (Table 1). 
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Table 1 Characteristics of patients with and without recurrent pulmonary embolism.

Patients with recurrent PE
N=384

Patients without 
recurrent PE N=1030

Time between first and second PE 
(months)‡

14.0 (7.0 – 33.8) NA

Gender (women) 191 (49.7%) 508 (49.3%)

Age (years)* 64.8 (16.2) 65.3 (16.0)

Ever hospitalized for asthma or chronic 
obstructive pulmonary disease

6 (1.6%) 21 (2.0%)

Ever hospitalized for Crohn’s disease or 
ulcerative colitis

1 (0.3%) 2 (0.2%)

Ever hospitalized for systemic lupus 
erythematosus or rheumatoid arthritis

4 (1.0%) 3 (0.3%)

Ever hospitalized for cancer 12 (3.1%) 52 (5.0%)

‡median with interquartile range, * mean with standard deviation,  
PE = pulmonary embolism, NA = not applicable

Corticosteroid use in patients with or without recurrent PE

Chi-square test showed that overall, there was no difference in oral or inhaled 

corticosteroid use between patients with or without recurrent PE (oral 22.7% 

vs. 23.5% and inhaled 20.6% vs. 21.5%). However, we observed a significant 

time effect of corticosteroid use between patients with and without recurrent 

PE (Table 2). Compared to patients without recurrent PE, those with recurrent 

PE were more frequently current users of oral corticosteroids (9.6% vs. 2.5%) 

and less often past users (7.3% vs. 15.2%, overall p<0.01), while there was no 

difference in recent users (5.7% vs. 5.7%). Similar patterns were observed for 

the use of inhaled corticosteroids. Compared to patients without recurrent 

PE, those with recurrent PE were more frequently current users of inhaled 

corticosteroids (7.8% vs. 4.2%) and less often past users ( 5.2% vs. 9.7%, overall 

p<0.01) and for oral and inhaled corticosteroids combined (current 3.1% vs. 

0.7% and past 3.6% vs. 7.8%, overall p<0.01). 
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Table 2 Medication use for patients with and without recurrent pulmonary embolism.

Medication Patients with recurrent PE 
N=384

Patients without recurrent 
PE N=1030

Oral corticosteroids 

Non use 297 (77.3%) 788 (76.5%)

Current use 37 (9.6%) 26 (2.5%)

Recent use 22 (5.7%) 59 (5.7%)

Past use 28 (7.3%) 157 (15.2%)

Inhaled corticosteroids 

Non use 305 (79.4%) 809 (78.5%)

Current use 30 (7.8%) 43 (4.2%)

Recent use 29 (7.6%) 78 (7.6%)

Past use 20 (5.2%) 100 (9.7%)

Oral and inhaled corticosteroids ‡

Non use 344 (89.6%) 916 (88.9%)

Current use 12 (3.1%) 7 (0.7%)

Recent use 14 (3.6%) 27 (2.6%)

Past use 14 (3.6%) 80 (7.8%)

The use of corticosteroids was categorized into non use, current use (<1 month prior to recurrent PE), recent 
use (1–6 months prior to recurrent PE) and past use (>6 months prior to recurrent PE). 

‡ Patients had to use both inhaled and oral corticosteroids at the same time, so non users could still be using 
either oral corticosteroids or inhaled corticosteroids. 

Association between corticosteroids and recurrent PE

Conditional logistic regression analysis showed an overall association between 

oral corticosteroid use and the risk of recurrent PE (p=0.02). We also observed a 

time effect of corticosteroid use on the risk of recurrent PE (Figure 2). Patients with 

current use of oral corticosteroids had an increased risk (OR 3.74; 95% CI 2.04 – 

6.87) of recurrent PE compared to patients who did not use oral corticosteroids. 

This risk was not different for recent users of oral corticosteroids (OR 1.07; 95% 

CI 0.60 – 1.91). For past users the risk of recurrent PE was decreased (OR 0.46; 

95% CI 0.28 – 0.74) compared to patients who did not use oral corticosteroids. 

We did not observe a significant difference in the odds between low and high 

dose of oral corticosteroids for the risk of recurrent PE. 

The same pattern, although less strong, was shown for patients who used 

inhaled corticosteroids; current use (OR 1.55; 95% CI 0.90 – 2.67), recent use (OR 

1.01; 95% CI 0.61 – 1.68), and past use (OR 0.52; 95% CI 0.30 – 0.90) compared to 

non-users (p=0.10). When patients used both oral and inhaled corticosteroids, 

the risk of recurrent PE was increased for current use (OR 4.60; 95% CI 1.54 – 

13.76) compared to non-use. We adjusted all odds ratios for use of vitamin  K 
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antagonist in the last month prior to the event and adjusted for ever use of 

acetylsalicylic acid, clopidogrel, carbasalate calcium. Furthermore, we also 

corrected for inflammatory bowel disease, diabetes, inflammatory arthritis, 

fractures and cancer. 

Figure 2 Association between corticosteroid use and recurrent pulmonary embolism. 

Odds ratios are adjusted for use of vitamin K antagonist in the last month prior to the event and adjusted for 
ever use of acetylsalicylic acid, clopidogrel, carbasalate calcium.  

y-axes is log scale

Discussion 

This study shows that current use of oral corticosteroids is associated with 

an increased risk of a recurrent PE. Patients who had discontinued oral 

corticosteroids for more than 6 months showed a reduced risk of recurrent 

PE. A similar trend was observed for patients using inhaled corticosteroids. 

Whether this increased risk was caused by corticosteroids themselves or 

by the underlying inflammatory diseases, or both, could not be established. 

Nevertheless, given the frequent use of corticosteroids in clinical practice the 

population attributable risk of recurrent PE may be considerable. Therefore 

clinicians should be aware of this risk when prescribing corticosteroids to 

patients who have had a first PE, especially in those who are no longer using 

anticoagulant therapy. 
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The association between the use of corticosteroids and PE has been 

reported previously for a first event, but not for recurrent PE. One study, which 

was also derived from the PHARMO Database, already showed an increased risk 

of a first PE in current (within 30 days), but not past (> 90 days ago) users of oral 

corticosteroids12. Unfortunately, they did not investigate the effect of inhaled 

corticosteroid users. Another population based case-control study showed 

that current use (within 90 days) of oral corticosteroids was associated with 

an increased risk of a first PE11 . In this study, patients who were using inhaled 

corticosteroids did not have an increased risk of a first PE11. Interestingly, 

previous use of oral corticosteroids and discontinuation of this medication for 

more than 1 year decreased the risk of recurrent PE as compared to non-users, 

which fits in nicely with the findings of our study.

There are several biological mechanisms that could explain the association 

between corticosteroids and the development of PE. Several studies have 

provided evidence that oral corticosteroids lead to a procoagulant state 

in healthy volunteers. A study in which dexamethasone 3 mg twice daily 

or placebo was given for 5 days to healthy male volunteers showed that 

dexamethasone increased clotting factor levels VII, VIII, and XI and fibrinogen13. 

In addition, another randomized placebo-controlled cross-over study in healthy 

men found increased plasma levels of von Willebrand factor and sP-selectin 

48 hours after infusion of 1 mg/kg dexamethasone14. Corticosteroids are the 

mainstay of treatment of chronic inflammatory diseases, and are frequently 

given during acute disease exacerbations. There is now extensive evidence 

that inflammation and coagulation are interrelated and that inflammation is 

also able to alter the balance between pro-coagulant and fibrinolytic activity15. 

Inflammatory diseases indeed increase the risk of PE. Large cohort studies from 

Sweden and the United Kingdom have shown an association between several 

immune-mediated disorders and risk of a first venous thromboembolism16, 

17. Furthermore, increased risk of a first PE has been found for asthma, COPD, 

inflammatory bowel disease, and rheumatoid arthritis4, 5, 18-20. Although 

it remains difficult to separate the effect of inflammation and the use of 

corticosteroids, the combined effect of inflammation and corticosteroid use 

clearly increases the risk of recurrent PE.

How then to explain the decreased risk of recurrent PE in patients who 

discontinued corticosteroids for more than 6 months? These patients most 

likely have an inflammatory, corticosteroid responsive disease, which has 
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stabilized, and stayed well-controlled. Apparently, this  decreases the risk of a 

recurrent PE and even results in a lower risk than never users of corticosteroids, 

who may have other (ongoing) risk factors for recurrent PE. 

The strength of this study is the large sample (n=1414) of a population with 

precise documentation of drug prescriptions. However, this study has some 

limitations as well. First, the diagnosis of recurrent PE was derived from ICD-

9 codes and one could argue whether this diagnosis has enough accuracy. 

Diagnosis of (recurrent) PE was done with a CT pulmonary angiogram (CTPA) 

or a ventilation/perfusion scan (V/Q lung scan) according to the guidelines10, 

however, these data were not available in the PHARMO database. Therefore, we 

only included patients in whom vitamin K antagonist treatment had been started 

following the first PE, in order to reduce misclassification as much as possible. 

Furthermore, a study by Casez et al. showed that ICD discharge diagnosis codes 

have satisfactory sensitivity to identify objectively confirmed PE21. Second, 

using ICD discharge codes to identify underlying diseases and co-morbidities is 

likely to lead to underestimation because such conditions may not necessarily 

lead to hospital admissions. Since we do not have specific information about 

inflammatory diseases in most cases, we used medication use (ATC codes) as a 

proxy to identify underlying medical conditions and co-morbidities. However, 

it still remains difficult to separate the influence of the underlying disease or 

co-morbidity from the influence of the use of corticosteroids. Thirdly, the ATC 

codes provide precise information about prescribed corticosteroid medication, 

but not about adherence. However, there is no reason to believe that non-

adherence with corticosteroid treatment would differ between patients with 

and without recurrent PE. Lastly, oral conceptive use in women could also 

contribute to increased risk of recurrent venous thromboembolic event22. Yet, 

the mean age of women in this study was 65.2 years. Therefore, we consider 

this potential influence negligible. 

Conclusions

This study shows that current use of oral corticosteroids is associated with 

an increased risk of recurrent PE. Whether this increased risk is caused by 

corticosteroids, or by the underlying disease or both, needs further investigation. 

Given the frequent use of this type of medication in patients with chronic 
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inflammatory diseases, the clinical impact may be substantial. Prevention of 

recurrent PE is crucial, and therefore clinicians should be rather restrictive in 

prescribing corticosteroids to patients who already have experienced a first PE 

in the past. In particular for patients with frequent exacerbations novel anti-

inflammatory treatments with less adverse effects might be more appropriate.
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Background of the thesis

Inflammation and hemostasis are closely linked processes that influences 

each other. Furthermore, epidemiological studies have shown that chronic 

inflammatory diseases such as asthma1, 2, chronic obstructive pulmonary disease 

(COPD)3, inflammatory bowel disease4, and rheumatoid arthritis5 predispose to 

the development of venous thromboembolism (VTE). In patients with asthma, 

the increased risk of pulmonary embolism (PE) is associated with severe disease 

and frequent asthma exacerbations1, 2 which suggests that inflammation has an 

important contribution in the development of PE’s. In chapter 2 of this thesis, 

we reviewed the evidence that coagulation and fibrinolysis are altered in 

patients with asthma. In patients with asthma, increased procoagulant activity 

is observed and reduced fibrinolytic activity. Also, the inhibitory mechanisms of 

the hemostasis are impaired. In addition, cytokines which are produced during 

airway inflammation and structural cells such as epithelial and endothelium 

cells that are involved in asthma pathophysiology, further contribute to the 

imbalance of the hemostasis. So, the imbalance of the hemostasis might 

explain the increased risk of coagulation disorders in patients with asthma. In 

this thesis we investigated multiple hemostatic markers measured in plasma of 

patients with asthma during several conditions. The main results, conclusions 

and implications from the studies in this thesis are summarized below.

Conclusions of the studies

Coagulation and fibrinolysis in patients with stable asthma

In chapter 3 of this thesis we examined whether hemostatic activity is different 

in patients with asthma of different severity as compared to healthy controls. 

Plasma samples of healthy control subjects, patients with mild asthma, patients 

with severe asthma and patients with prednisolone-dependent asthma were 

analyzed for inflammation and hemostasis parameters. We observed that 

patients with asthma have a prothrombotic state, which was demonstrated 

by higher levels of endogenous thrombin potential (ETP), plasmin-alpha2-

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

and von Willebrand factor (vWF) in peripheral blood as compared to healthy 
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controls. This prothrombotic state increased with increasing asthma severity. 

Furthermore, vWF and ETP correlated with peripheral blood neutrophils but 

we found no associations between hemostatic parameters and eosinophils. 

This enhanced prothrombotic state may explain why patients with asthma, 

in particular patients with severe disease, are predisposed to develop venous 

thromboembolism. 

Coagulation and fibrinolysis in patients with loss of asthma control

In chapter 4 we investigated if loss of asthma control was associated with 

increased activation of hemostasis in patients with moderate to moderately 

severe asthma.  In all patients, except for one, complete cessation of inhaled 

corticosteroids led to a loss of asthma control and we found increased asthma 

symptoms, reduced lung function and increased levels of eosinophils in plasma 

as compared to baseline in these patients. However, we observed no significant 

changes in the coagulation and fibrinolysis markers between baseline and 

loss of control. To conclude, loss of asthma control after complete cessation 

of inhaled corticosteroids does not lead to increased activation of hemostasis. 

This suggests that a flare-up of eosinophilic inflammation of the airways during 

an induced loss of control in asthma is not accompanied with hemostatic 

changes and that another type of trigger or more severe inflammation might 

be required for activation of coagulation and fibrinolysis in asthma.

 

Influence of corticosteroids on coagulation and fibrinolysis 

In chapter 5 and 6 we determined whether a 10-day oral corticosteroid course 

could promote hemostasis and inflammation in healthy control subjects and 

in patients with stable mild-moderate and severe asthma. In a randomized, 

double-blind, placebo-controlled trial we randomly gave healthy subjects and 

patients with stable asthma either prednisolone 0.5mg/kg or placebo once 

daily for 10 days. In healthy subjects receiving oral prednisolone, we found 

increased peak thrombin, velocity index, vWF, and PAI-1 at day 10 as compared 

to healthy controls receiving placebo tablets. We observed no changes in TATc, 

ETP, PAPc and D-dimer. So, in healthy subjects, prednisolone burst therapy 

induces a procoagulant state by increasing in vitro coagulation. In patients 

with stable asthma, we found increased peak thrombin, velocity index, vWF, 

PAI-1 and decreased PAPc and lagtime. No changes were found for ETP, TATc 

and D-dimer. So, in patients with stable asthma, prednisolone burst therapy 
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results in a procoagulant state by increasing in vitro coagulation and reducing 

fibrinolysis. This results suggest that oral corticosteroids may attribute to 

the increased risk of venous thromboembolism and pulmonary embolism 

in patients with inflammatory diseases who are treated for exacerbations. 

Furthermore, in patients with asthma the increased hemostatic activation not 

only depends on disease activity, but also on the use of corticosteroids. 

Furthermore, we studied if use of oral and inhaled corticosteroids 

predispose for recurrent events of PE (chapter 7). In a nested case-control 

study we matched cases with recurrent PE to controls without recurrent PE 

and assessed prescription data of oral and inhaled corticosteroids in both 

groups. Compared to patients not using oral corticosteroids, current use of 

oral corticosteroids increased the risk of recurrent PE, whereas patients who 

stopped oral corticosteroids >6 months prior to recurrent PE seemed to have a 

lower risk. The same pattern was observed for inhaled corticosteroids, although 

less strong, and for the combination of inhaled and oral corticosteroids. Given 

the frequent use of corticosteroids in clinical practice, the impact of this 

medication on recurrent PE may be substantial, and therefore clinicians should 

be aware of this risk when prescribing corticosteroids to patients who have had 

a first PE, especially in those who are no longer using anticoagulant therapy.  

General discussion

Comparison of this thesis with literature

Previous studies have measured several coagulation and fibrinolysis parameters 

in patients with asthma under stable circumstances. One study has showed 

significantly higher concentrations of thrombin, TATc, and tissue factor (TF) in 

the sputum of patients with stable asthma as compared to healthy controls6. 

Another study also showed significantly higher levels of TF in sputum of 

patients with moderate and severe asthma7. Furthermore, TF was positively 

correlated with sputum eosinophil count7. In another study, significantly 

higher thrombin activity was found in induced sputum of stable asthmatic 

patients and this correlated with the vascular endothelial growth factor level 

suggesting a potential role in airway remodeling8. In our cross sectional 

study we did not observed differences in TATc levels between patients with 

asthma and healthy control subjects. However, we did find increased thrombin 
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generation in patients with asthma, as showed by increased peak thrombin, 

and higher levels of ETP. 

In addition, sputum plasminogen levels were significantly lower in patients 

with moderate asthma, while sputum levels of PAI-1 and fibrin degradation 

products were significantly higher in severe asthma patients as compared to 

healthy controls7. No significant difference in D-dimer was observed between 

patients with asthma and healthy controls7. One study found elevated levels 

of PAI-1 in plasma of patients with asthma and this was associated with poor 

lung function (lower forced vital capacity (FVC))9. Another study also found 

significantly greater PAI-1 concentration in the sputum of allergic asthmatics 

and sputum PAI-1 concentration correlated with baseline ( forced expiratory 

volume in 1 second ) FEV
1
 and with bronchial reactivity10. In our cross sectional 

study we also observed higher levels of PAPc, and PAI-1, but no difference for 

D-dimer. 

There has also been several studies measuring coagulation and fibrinolysis 

parameters in patients with asthma after allergen challenge or during asthma 

attack or respiratory infections. One study observed increased thrombin activity 

in bronchoalveolar lavage (BAL) fluid after segmental bronchoprovocation with 

antigen. The thrombin activity showed significant correlation with interleukin-5 

(IL-5)11. Another study found, already at baseline, higher sputum PAI-1 levels 

in patients with asthma as compared to non-asthmatics and during common 

cold infection sputum PAI-1 levels significantly increased on day 5 to 712. Also 

during asthma attack, PAI-1 levels in plasma were higher than levels in control 

subjects13. In our own study we induced loss of asthma control by complete 

withdrawal of corticosteroids which did not lead to changes in coagulation and 

fibrinolysis parameters despite an increase of blood eosinophils. The absence 

of coagulation activation might be due to the difference in the cause of loss 

of asthma control, for example, loss due to viral exacerbation might induce a 

procoagulant state in patients with asthma.

A recent systematic review provided evidence for effects of corticosteroid 

use on coagulation and fibrinolysis factors. They suggested that corticosteroids 

increases factor VII, VIII, and XI activity and PAI-1 levels, while corticosteroids 

decreases vWF and fibrinogen14. An randomized placebo-controlled cross-

over study in healthy men observed increased levels of vWF and increased 
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platelet counts in plasma 48 hours after infusing of 1 mg/kg dexamethasone15. 

Another randomized placebo-controlled study was performed in healthy 

male volunteers in which dexamethasone 3 mg or placebo was given twice 

daily. They showed that dexamethasone increased clotting factor levels VII, 

VIII, and XI and fibrinogen, while no significant change was observed for PAI-1 

and D-dimer16. Furthermore, one study in healthy women showed increased 

plasma concentrations of PAI-1 after infusion with hydrocortisone17. Another 

observational study showed that PAI-1 levels increased after 1 week of therapy 

with steroids after asthma attack13. In our study we investigated the effect of 

oral corticosteroids on coagulation and fibrinolysis  in healthy control subjects 

and patients with stable asthma. After 10 days of prednisolone increased 

thrombin generation was observed, showed by higher peak thrombin and 

increase of velocity index, and increased levels of PAI-1 and vWF were found as 

compared to placebo. The results were similar for both healthy control subjects 

and patients with asthma, however we did observed decreased PAPc only in 

patients with asthma.  This suggests that oral corticosteroids on itself induce a 

procoagulant state and may reduce fibrinolysis. 

Epidemiological studies have shown that corticosteroid use is associated 

with increased risk of first VTE. A case-control study showed an increased risk of 

a first PE in patients who used oral corticosteroids within the first 30 days before 

the event, while former use (>90 days) only moderately increased the risk of 

PE18. Another population based case-control study from Denmark also showed 

that current use (prescriptions within the last 3 months) of oral corticosteroids 

was associated with an increased risk of a first PE. Furthermore, they showed 

that previous use of oral corticosteroids and stopping this medication for more 

than 1 year decreased the risk of recurrent PE as compared to non-users. In this 

study inhaled corticosteroids did not increase the risk of a first PE19. In our study 

we examined the association between corticosteroid use and recurrent PE.  We 

found that current use of oral corticosteroids increased the risk of recurrent 

PE, whereas patients who stopped oral corticosteroids >6 months prior to 

recurrent PE seemed to have a lower risk. The same pattern was observed for 

inhaled corticosteroids, although not significant. 
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Interpretation of the results in terms of mechanisms

There are several underlying mechanisms that could explain the effect on 

coagulation and fibrinolysis in patients with asthma. First, there is extensive 

evidence that inflammatory diseases increase the risk of VTE. Large cohort 

studies performed in the United Kingdom and Sweden showed an association 

between several immune-mediated disorders and risk of VTE20, 21. An increased 

risk of PE has been observed in patients with asthma1, 2, COPD3, inflammatory 

bowel disease4, and rheumatoid arthritis5. There is evidence that inflammation 

causes an alteration in the balance between pro-coagulant and fibrinolytic 

activity22. It has been shown that eosinophils can express prothrombotic 

factors such as TF23. Basophils are able to secrete IL-5 when stimulated by 

thrombin24. Inflammatory cytokines such as IL-6 and IL-8 are capable of surface 

expression of TF25, IL-1, IL-6 and TNF-α alter the plasmin system for example 

PAI-1 gene transcription26, 27 and IL-1 and TNF-α causes down-regulation of 

thrombomodulin and protein C28, 29. Furthermore, leukocytes, eosinophils and 

endothelial cells are able to interact with platelets30-32. In addition, other cells 

that are present in the asthmatic airways, such as bronchial epithelial cells and 

mast cells, also play an important role in coagulation and fibrinolysis. Alveolar 

epithelium initiates coagulation through up-regulation of TF in response to 

inflammatory stimuli33 and bronchial epithelial cells and mast cells have the 

ability to produce PAI-134, 35. Altogether, it is likely that during chronic airway 

inflammation, there is continuous activation of coagulation. This disturbs the 

hemostatic balance towards a prothrombotic state which could explain the 

increased risk of VTE. 

Secondly, inhaled and oral corticosteroids are the mainstay of treatment 

in inflammatory disorders, also in asthma and COPD. However, corticosteroids 

on itself could make patients more prone to develop VTE. A population based 

case-control study in Denmark showed that current use of oral corticosteroids, 

but not inhaled corticosteroids, significantly increased the risk of VTE19. Another 

study also showed an increased risk of PE in the first 30 days of corticosteroid 

use. The risk was dose-dependent, low dose corticosteroid use had a twofold 

increased risk, while a 10-fold increased risk was observed for the highest 

dose of corticosteroids18. So, the amount of coagulation activation seems to 

dependent on the dose of (oral) corticosteroids which is given. Furthermore, 

a systematic review showed that use of oral corticosteroids causes an increase 
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of coagulant and a reduction of fibrinolytic factors14. In addition, randomized 

placebo-controlled studies in healthy subjects showed increased levels of vWF, 

clotting factor levels VII, VIII, XI and fibrinogen, but no difference in PAI-1 and 

D-dimer after treatment with dexamethasone15, 16. Together, this suggests that 

corticosteroids by itself also influence the hemostatic balance. 

A third explanation of the effect on coagulation and fibrinolysis could 

be related to hypoxia. Patients with asthma have unequal ventilation which 

may lead to hypoxia in particular parts of the lung. Hypoxia induces systemic 

inflammation and activation of coagulation36. A two hour hypoxic challenge 

in patients with COPD led to increased levels of TATc and a trend for vWF and 

D-dimer36. Thus, in patients with asthma, airway narrowing could locally lead to 

hypoxic areas in the lung where coagulation becomes activated. 

Fourthly, activation of coagulation might be triggered by allergen 

exposure. In an interventional study, patients with allergic asthma and healthy 

control subjects underwent intrabronchial challenge with house dust mite 

or grass pollen and BAL was collected to test for hemostatic parameters. 

They found that patients with asthma had a rise in TATc and increased levels 

of soluble TF after allergen challenge37. Another study performed bronchial 

challenge with Dermatophagoides pteronyssinus in allergic asthma patients 

and found significantly greater plasma PAI-1 concentration, elevated plasma 

levels of platelet activation markers and decreased platelet count than before 

challenge38, 39. Overall, it is likely that exposure to allergens contributes to the 

activation of coagulation.   

Lastly, respiratory infections play an important role in the activation of 

coagulation and fibrinolysis. One study in non-asthmatic, elderly subjects 

showed increased levels of vWF, PAPc and D-dimer levels during influenza-like 

illness or flu-like symptoms40, 41. Another study, in mice, showed that during 

severe influenza A virus infection, platelet activation worsened the severity of 

lung injury42. Furthermore, in patients with asthma common cold infections 

increases PAI-1 levels12 and experimentally induced rhinovirus infection 

induced a pro-coagulant state in which the activation of coagulation correlated 

with viral load43. So, viral respiratory infection seem to disturb the hemostatic 

equilibrium. 
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Strengths and limitations of this thesis

The strength of this thesis is that we measured multiple coagulation and 

fibrinolysis parameters in patients with asthma under several different 

conditions. Also, the severity of asthma was well defined in the studies and 

we specifically selected patients with stable disease to minimize the influence 

of acute inflammatory events. Furthermore, we tried to exclude patients with 

factors that could potentially influence hemostasis. Patients with anticoagulant 

therapy or inherited coagulation disorders were not allowed to participate. 

In our studies, except for the loss of asthma control study, women who were 

pregnant or used oral contraceptives were excluded since it has been described 

that oral contraceptives induce a procoagulant state44. 

Nevertheless, this thesis also has limitations. In our studies, we did observe 

outliers of the measured coagulation and fibrinolysis markers, in particular for 

TATc. The most likely explanation for these outliers of TATc is the sensitivity of 

TATc to blood withdrawal technique and workup that could cause artificial TATc 

generation. Furthermore, one could argue whether measurement of coagulation 

and fibrinolysis markers is reliable in patients with asthma. Therefore, we 

assessed the biological variation of the coagulation and fibrinolysis markers 

in the placebo group of asthma patients and healthy control subjects. In all 

patients, blood samples were collected at the same time and transported and 

processed in the same way to minimize diurnal and preanalytical variation. 

Results of the study showed that all measured hemostatic markers, except for 

TATc, had little biological variation. 

In this thesis we focussed on the coagulation and fibrinolysis in asthma, 

but despite the results of our studies, it still remains difficult to disentangle the 

precise contribution of the airway inflammation and the use of corticosteroids 

to the disbalance of the hemostasis. However, this thesis provides evidence 

towards a procoagulant state in patients with asthma which is further 

aggravated by use of oral corticosteroids. 
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Clinical implications of the thesis

Overall, the results of this thesis show that in patients with asthma, there is 

a procoagulant state, which increases with asthma severity and that oral 

corticosteroids also induce a procoagulant state both in patients with 

asthma as in healthy control subjects. This procoagulant state could explain 

the increased risk of patients with severe asthma to develop VTE and PE. 

The major implication of this thesis is that clinicians should be aware of the 

procoagulant nature of corticosteroids, not only in patients with asthma, but 

also in patients with other severe inflammatory diseases, since they already 

have a procoagulant state. In particular pulmonologists should be aware of 

the increased risk of VTE, because PE can mimic symptoms of asthma attack. 

Further studies should investigate the potential benefit of thromboprophylaxis 

in patients who are treated with corticosteroids for their disease exacerbation 

or in patients who receive chronic prednisolone therapy. 

Future research 

The results of the studies described in this thesis show that coagulation and 

fibrinolysis play an role in asthma pathophysiology. This provides opportunities 

for the identification of new therapeutic targets for the treatment of asthma, 

in particular for patients with severe disease.  A potential therapy is the use 

of heparin. Heparin is a glycosaminoglycan that results in the activation of 

antithrombin and the inactivation of thrombin and factor Xa. Heparin possesses 

a wide range of anti-inflammatory activities such as inhibition of eosinophil 

cation protein (ECP), neutrophil elastase and chemotaxis, smooth muscle 

growth, and the complement cascade45. Experiments with inhaled heparin 

demonstrated a reduction of bronchoconstrictive responses in patients with 

exercise-induced asthma46, 47. Treatment with nebulized heparin after allergen 

exposure attenuated the early allergic response and reduced the late allergic 

response in patients with asthma48. However, inhaled heparin is currently not 

used in clinical practice.

Furthermore, direct anticoagulants that target mediators of the coagulation 

cascade could be used as therapy. Recent developed anticoagulants are 

dabigatran, rivaroxaban and apixiban. Dabigatran is a direct thrombin inhibitor 
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which prevents the conversion of fibrinogen to fibrin. Dabigatran has been 

shown to exert anti-fibrotic effects on lung fibroblasts49. Other anticoagulants 

are rivaroxaban and apixiban which are both direct factor Xa inhibitors. Whether 

these new anticoagulants also have anti-inflammatory properties needs to be 

investigated. 

Several components of the coagulation and fibrinolysis pathway 

have been showed to have an effect on airway remodeling and airway 

hyperresponsiveness. For example, mice who were treated with a FXa inhibitor, 

fondaparinux, during 3 weeks after allergen challenge had attenuated airway 

hyperresponsiveness and decreased thickness of the mucosal layer and 

lung collagen deposition50. Furthermore, mice that were challenged with 

ovalbumin had significantly reduced inflammatory cell recruitment and lower 

numbers of eosinophils after administration of tiplaxtinin, which is a specific 

PAI-1 inhibitor. They also observed reduced methacholine induced airway 

hyperresponsiveness after tiplaxtinin administration51. Another study showed 

that nebulization of urokinase-type plasminogen activator (uPA) for one week 

in ovalbumin challenged mice also reduced  methacholine induced airway 

hyperresponsiveness52.

Recently, microparticles have emerged as a new potential therapy for 

asthma. Microparticles are small vesicles that should range in size between 1 – 

5 µm in order to achieve efficacious deposition in the lungs. Microparticles can 

be loaded with active pharmaceutical ingredients for pulmonary drug delivery 

and in this way absorption of the drug is very efficient and adverse events can be 

minimized53. One study, in which porous microparticles containing budesonide 

were delivered to asthmatic mice showed reduced numbers of inflammatory 

cells in BAL and reduced bronchial hyperresponsiveness54. Another study used 

chitin microparticles, which are potent T and B cells adjuvants and can shift 

Th2 immune response towards a Th1 response,  in a murine asthma model. 

They found that thickness of the basement membrane and epithelium smooth 

muscle layers were significantly lower after treatment with intranasal chitin 

microparticles suggesting that microparticles are effective in preventing and 

treating histopathological changes in the airways55. 

Future research should further explore the use of anticoagulants or 

components of the coagulation and fibrinolysis pathway as treatment 

possibilities for patients with asthma. Although, it might seem as an ideal 

strategy, it should be kept in mind that this therapy can be problematic due to 

severe bleeding complications. 
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Final remarks

The results of this thesis show that there is a procoagulant state in patients 

with asthma, which increases with asthma severity. Furthermore, oral 

corticosteroids treatment induces a procoagulant state both in patients with 

asthma as in healthy control subjects and oral corticosteroid use is associated 

with increased risk of recurrent pulmonary embolism. Therefore, clinicians, in 

particular pulmonologists, should be aware of this procoagulant nature and 

increased risk of venous thromboembolism. This thesis contributes to a better 

understanding on the coagulation and fibrinolysis in patients with asthma en 

thereby provide opportunities for the identification of new therapeutic targets 

for the treatment of asthma. However, more research is needed to examine 

the potential benefit of thromboprophylaxis in patients with asthma when 

treatment with corticosteroids is given. 
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Achtergrond 

Astma is een chronische ontsteking van de luchtwegen waarbij de 

luchtwegen zich kunnen vernauwen met het gevolg dat iemand last krijgt van 

kortademigheid. Astma is niet te genezen, maar wordt behandeld met pufjes 

die de luchtwegen verwijden en de ontsteking remt. Als mensen een astma 

aanval hebben wordt er vaak een prednison stootkuur voorgeschreven om de 

astma weer onder controle te krijgen.

Bloedstolling is een complex proces waardoor bij een verwonding weinig 

bloed verloren gaat en een korstje gevormd wordt. De bloedstolling kent een 

fijne balans die, indien verstoord, aan de ene kant bloedingen kan veroorzaken 

als het bloed te vloeibaar wordt en aan de andere kant voor trombose kan 

zorgen als de stolling verhoogd is. Hierdoor kunnen er bloedstolsels ontstaan 

die de doorstroming in een bloedvat kan belemmeren. 

Ontsteking en bloedstolling zijn twee processen die elkaar beïnvloeden. 

Epidemiologische studies hebben laten zien dat mensen met een chronische 

ontstekingsziekte, zoals:  

- Astma

- Chronisch obstructieve longziekten (COPD)

- Chronische darmontstekingen (ziekte van Crohn)

- Reuma

 een verhoogd risico lopen op een longembolie of een diepe veneuze trombose. 

Een diepe veneuze trombose wordt ook wel trombosebeen genoemd, hierbij 

ontstaan er spontaan en ongecontroleerd bloedstolsels in de diepere gelegen 

aderen van het been. Het verhoogde risico op een longembolie bij mensen 

met astma houdt verband met de ernst van de ziekte en de hoeveelheid astma 

aanvallen. Dit suggereert dat ontstekingsprocessen een bijdrage leveren aan 

het ontstaan van een longembolie of een trombosebeen. 

Uit eerder onderzoek is gebleken dat in het sputum van mensen met astma, 

de stofjes die de bloedstolling activeren verhoogd zijn. Dit zou kunnen duiden 

dat er een verhoogde stollingsneiging is wat het verhoogde risico op een 

trombosebeen of een longembolie zou kunnen verklaren. Maar of er ook een 

verhoogde stollingsneiging in het bloed is bij mensen met astma is onbekend. 
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Het doel van dit onderzoek was daarom om de bloedstolling te meten bij 

mensen met astma. We hebben dit gedaan tijdens verschillende condities, 

zowel in een stabiele situatie als tijdens een verlies van astma controle. Er is 

sprake van een verlies van astma controle als de klachten en symptomen van de 

astma toenemen en extra medicatie nodig is. De meetwaardes zijn vervolgens 

vergeleken met gezonde proefpersonen. Daarnaast hebben we ook het effect 

van de astma medicatie op de bloedstolling en het krijgen van een tweede 

longembolie onderzocht. De uitkomsten hebben geleid tot dit proefschrift en 

staan hieronder beschreven. 

Bloedstolling bij mensen met stabiel astma

In hoofdstuk 2 van dit proefschrift hebben we de huidige literatuur samengevat. 

Bij het bestuderen van de literatuur vonden we dat mensen met astma een 

verhoogde stollingsneiging hebben en het proces wat het bloedpropje weer 

opruimt geremd is. Tevens vonden we dat de natuurlijke remmers van het 

bloedstollingproces minder goed functioneerde. 

In hoofdstuk 3 hebben we onderzocht of de bloedstolling bij mensen met 

stabiel astma met verschillende ernst anders is ten opzichte van gezonde 

proefpersonen. Hiervoor werd bloed afgenomen bij gezonde mensen. Hiervoor 

werd er bloed afgenomen bij:

- Gezonde mensen

- Mensen met mild astma

- Mensen met ernstig astma 

- Mensen met prednison afhankelijk ernstig astma. 

In het bloed werd gekeken naar verschillende stofjes van de ontsteking en de 

bloedstolling. Uit dit onderzoek bleek dat het endogene trombine potentieel 

(dit zegt iets over de totale stollingscapaciteit) hoger is bij mensen met astma 

dan bij gezonde mensen. Ook zagen we bij mensen met astma een toename 

van plasminogen activator inhibitor type 1 (PAI-1) (deze stof zorgt voor 

remming van de bloedafbraak) ten opzichte van gezonde mensen. Hierdoor 

hebben mensen met astma een verhoogde stollingsneiging. Ook zagen we 

dat de bloedstollingneiging toenam naarmate de astma ernstiger werd. Deze 

hogere stollingsneiging zou mogelijk het verhoogde risico op een longembolie 

kunnen verklaren. 
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Bloedstolling bij mensen met verlies van astma controle

Naast stabiele condities hebben we ook de bloedstolling in een onstabiele 

situatie bekeken. Dit staat beschreven in hoofdstuk 4. Bij mensen met mild 

astma hebben we onderzocht of een verlies van astma controle geassocieerd 

was met een toename van de bloedstolling bij mensen met mild astma. Alle 

deelnemers in de studie stopten met hun astma medicatie na het eerste 

bezoek om zo een verlies van astma controle te krijgen. In de studie kregen 

op één na alle patiënten een verlies van hun astma controle. Dit leidde tot een 

toename van de astma klachten, een verlaagde longfunctie en een toename 

van eosinofielen, een ontstekingswaarde die specifiek is voor astma. Maar 

we vonden geen verandering in de bloedstollingsneiging tijdens het verlies 

van astma controle ten opzichte van een stabiele situatie. Mogelijk zou een 

andere ontlokkende factor (zoals een luchtweginfectie) of een ernstigere 

toename van de luchtwegontsteking wel kunnen leiden tot een toename 

van de bloedstolling. Echter viel dit buiten de scope van ons onderzoek en 

zou in een vervolg onderzoek uitgezocht moeten worden. Uit ons onderzoek 

kunnen we concluderen dat een verlies van astma controle onder relatief milde 

omstandigheden niet leidt tot een toename van de bloedstolling. 

Effect van astma medicatie op de bloedstolling

 In ons onderzoek hebben we ook onderzocht of een prednison stootkuur 

een toename geeft van de bloedstolling bij gezonde mensen en mensen 

met stabiel astma (respectievelijk hoofdstuk 5 en 6). In een gerandomiseerde, 

dubbel blinde, placebo gecontroleerde studie gaven we gedurende 10 dagen 

de helft van de mensen tabletten die prednison bevatte en de andere helft 

kreeg placebo tabletten (zonder werkzame stof ). Zowel bij gezonde mensen, 

als bij mensen met astma, die de prednison stootkuur kregen, zagen we een 

toename van de stollingsneiging door een verhoging van piek trombine 

en verhoogde remming van de bloedafbraak ten opzichte van mensen die 

de placebo tabletten kregen. Dus een prednison stootkuur zorgt voor een 

toename van de bloedstollingsneiging, zowel bij gezonde mensen als bij 

mensen met stabiel astma. Dit suggereert dat de astma medicatie die bij een 

astma aanval wordt gegeven bijdraagt aan het verhoogde risico op het krijgen 
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van een trombosebeen of een longembolie. Bovendien lijkt het er op dat de 

toegenomen bloedstollingsneiging bij mensen met astma dus niet alleen door 

de mate van de luchtwegontsteking bepaald wordt maar ook door het gebruik 

van astma medicatie. 

Effect van astma medicatie op het veroorzaken van een 
tweede longembolie

In een andere studie (hoofdstuk 7) hebben we gekeken of het gebruik van astma 

pufjes (inhalatie ontstekingsremmers) of tabletten (orale ontstekingsremmers) 

een verhoogd risico geven op het krijgen van een tweede longembolie. In deze 

studie hebben we mensen met een tweede longembolie “gematched” met 

mensen zonder een tweede longembolie en hebben we naar het gebruik van 

medicatie en het voorkomen van aandoeningen gekeken. Bij de mensen die 

orale ontstekingsremmers gebruikten zagen we een verhoogd risico op het 

krijgen van een tweede longembolie ten opzichte van mensen die helemaal 

geen orale ontstekingsremmers gebruiken. In de groep van mensen die langer 

dan zes maanden geleden een orale ontstekingsremmer hadden gebruikt 

zagen we een beschermend effect. Ditzelfde patroon zagen we bij het gebruik 

van inhalatie ontstekingsremmers, al was het effect minder groot. Omdat orale 

ontstekingsremmers in de praktijk vaak worden gebruikt kan de impact van 

dit verhoogde risico op een tweede longembolie groot zijn. Daarom moeten 

(long)artsen zich bewust zijn van dit risico als ze orale ontstekingsremmers 

voorschrijven aan mensen die al eens een longembolie hebben gehad. 

Conclusie en aanbevelingen 

De resultaten uit dit proefschrift laten zien dat er een verhoogde stollingsneiging 

is bij mensen met astma en dat deze toeneemt met de ernst van de astma. 

Daarnaast blijkt dat prednison zorgt voor een verhoogde bloedstollingneiging 

zowel bij mensen met astma als bij gezonde mensen. Het gebruik van orale 

ontstekingsremmers is tevens geassocieerd met een verhoogd risico op het 

krijgen van een tweede longembolie. 
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Dit proefschrift draagt bij aan het begrip en de kennis over de bloedstolling 

bij mensen met astma. Longartsen moeten zich bewust zijn van de verhoogde 

bloedstollingneiging bij mensen met astma en na het gebruik van prednison, 

omdat dit kan leiden tot een verhoogd risico op een longembolie of een 

trombosebeen. Tevens kan de klinische presentatie van een longembolie 

lijken op een benauwdheidsaanval van astma. De resultaten uit dit proefschrift 

kunnen nieuwe inzichten bieden bij de ontwikkeling van nieuwe medicijnen 

tegen astma. Mogelijk zouden componenten van de bloedstolling kunnen 

zorgen voor een verlaging van de (luchtweg)ontsteking en verbetering van de 

astma. Toekomstig onderzoek zou zich hierop kunnen richten en op de vraag 

of het geven van antistollingsmedicatie nodig is bij mensen met een astma 

aanval waarbij orale ontstekingsremmers worden gegeven. 
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Dankwoord 

De regen komt met bakken uit de lucht en slaat stevig tegen de ramen van ons 

nieuwe huis. Gelukkig zit ik lekker aan tafel in de erker, met een kopje thee, mijn 

dankwoord te schrijven. Nu dat mijn proefschrift af is, wil ik graag iedereen 

bedanken die de afgelopen jaren hebben bijgedragen. Dank jullie wel voor 

jullie tijd, energie, enthousiasme, hulp, commentaar en aanmoediging. 

Liesbeth, allereerst bedankt dat ik de kans heb gekregen om te promoveren. 

Ik ben erg dankbaar voor alle begeleiding die ik heb gekregen en die dit 

proefschrift tot een hoger niveau heeft gebracht. Ik heb heel veel geleerd, 

zowel over longziekten als over het doen van onderzoek, en ik hoop in de 

toekomst nog regelmatig langs te komen. 

PW, pas halverwege mijn traject ben je in beeld gekomen als mijn promoter. 

Ik wil je graag bedanken voor jouw enorme inzet bij de database studie en 

voor alle keren dat je de manuscripten van feedback kon voorzien, door jouw 

commentaar werd het steeds beter!

Peter, al bij mijn sollicitatie gesprek was ik gegrepen door jouw enthousiasme 

voor onderzoek. Ik heb de afgelopen jaren heel veel geleerd over longziekten 

maar ook over het doen van wetenschappelijk onderzoek in het algemeen. 

Bedankt voor alle journal clubs, research meetingen, feedback en aanvullingen 

op mijn werk. 

Christof, ik denk dat is gebleken dat we samen een heel goed team zijn. Ik 

ben erg blij dat het ons beide is gelukt om de promotie succesvol af te ronden 

en ik vind het een eer dat jij mijn paranimf wil zijn. Bedankt voor de fijne 

samenwerking. 

De leden van mijn promotiecommissie. Bedankt voor jullie inzet en tijd voor 

het beoordelen van mijn proefschrift. Ik vindt het een eer dat ik tegenover jullie 

mijn proefschrift mag verdedigen. 

Alle deelnemers van de ROCOCO en ARTDECO studie. Zonder jullie was er 

geen data geweest waaruit we onze resultaten konden concluderen. Dank 
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allemaal voor jullie tijd, inzet en bereidheid om kans te lopen op een prednison 

stootkuur ondanks dat het niet nodig was. Ik vond het bijzonder om jullie 

verhalen te horen. 

Longfonds, zonder jullie subsidie was dit project er niet geweest en had ik nooit 

de onderzoeken beschreven in dit proefschrift kunnen uitvoeren, bedankt. 

Alle stafartsen, longartsen en longartsen in opleiding, bedankt voor het 

reageren op de pop-ups in de elektronische patiënten dossiers tijdens de 

poli's. Het heeft bijgedragen aan de inclusie van alle patiënten en de afronding 

van de studie. 

Secretaresses van de afdeling Longziekten; Jacquelien, Maria, en Henny, 

bedankt voor alle lekkere dropjes en de afspraken die jullie voor mij konden 

maken. Jullie zijn de stille kracht van de afdeling en bij alle Lung Amsterdam 

congressen en Longdagen waren jullie ook aanwezig, bedankt! 

Gerrit-Jan, ik heb veel respect voor jouw kennis. Als er onduidelijkheden waren 

over dingen bij de medisch ethische commissie liep ik even naar je toe en jij 

had altijd wel een antwoord of een oplossing, bedankt. 

Pearl, jij hebt een hart van goud. Ik vond het erg fijn om samen te werken aan 

de mepo-studie en ik heb veel bewondering voor jouw manier van omgaan 

met de patiënten. 

Alle longfunctie analisten, allereerst bedankt voor het leren van spirometrie, 

boxmetingen, en methacholine provocatie testen. Met alle proefpersonen 

hebben we veelvuldig gebruikt gemaakt van jullie ruimte en indien er 

problemen waren kon ik altijd rekenen op een helpende hand. Bedankt ook 

voor de interesse in ons onderzoek en de gezellige praatjes. 

Rienk, Anita, Chi, Anita en Najad, wat heb ik veel bloed samples naar jullie 

lab gebracht voor de bepaling van micropartikels en jullie waren altijd vrolijk! 

Bedankt voor al het afdraaien. 
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Wil, bedankt voor jouw inzet en de snelle bepaling van al onze studie samples. 

Joost, bedankt voor de uitleg over de stollingsbepalingen en het nalezen van 

onze manuscripten op correctheid. Tom, bedankt voor jouw advies en bijdrage 

aan de overleggen over de voortgang van de studies en het bespreken van de 

studie resultaten. 

Barbara, Tamara, Marianne, Suzanne, Annemieke en Yanaika bedankt voor al 

jullie hulp bij het verwerken van de bloed en sputum samples als ik geen tijd 

had om het zelf te doen. Barbara en Tamara, ik wil jullie in het bijzonder ook 

bedankten voor jullie inzet en tijd bij het tellen van de sputa en de analyses van 

alle samples. Rene, bedankt voor jouw advies omtrent alle immunologische 

labbepalingen. 

Anne, als student geneeskunde heb je ons geholpen met het werven en 

uitvoeren van de studie visites bij de gezonde proefpersonen. Zonder jou 

bijdrage had de hele inclusie nog langer geduurd, bedankt voor al jouw hulp. 

Michaela en Lea, jullie hebben beide je literatuur thesis bij mij gedaan. Onwijs 

veel artikelen hebben jullie doorgelezen wat resulteerde in een mooi verslag 

zodat ik ook bijbleef met mijn literatuur, bedankt. 

Collega’s van F5-260; Marije, Paul, Pieter-Paul, Guus, Rianne, Simone, 

Hanneke, Lizzy, Julia, Marc, Niki, Patricia, Marijke, Marieke, David, Ariane, 

Selma, en Lieuwe, als ik aan jullie denk, dan denk ik aan gezelligheid, borrelen, 

ontsnappen uit de Escape Room, eNose, bronchothermoplastie, kerstontbijt, 

en veelal taart eten. Met z’n allen op de kamer werd er hard gewerkt maar 

er was ook tijd voor plezier en goede gesprekken. Dankzij jullie heb ik een 

heleboel mooie herinneringen aan mijn promotietijd. 

Payal en Brechje, sinds de introductiedag van het AMC zien we elkaar met 

enige regelmaat om nieuwtjes en frustraties omtrent onze promoties met 

elkaar te delen. Bedankt voor jullie belangstelling en luisterend oor!

Desiree, Esmeralda, Lianne en Ruth, tijdens onze stage hebben we veel lol 

gehad en ik ben blij dat we nog regelmatig contact hebben en leuke dingen 

gaan doen. Bedankt voor jullie interesse in mijn promotie de afgelopen jaren.
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Paul, Jordy en Lisanne, helaas zijn we geen Weespse stadgenoten meer, maar 

het is altijd gezellig met jullie. Bedankt voor de nodige afleiding naast mijn 

proefschrift. 

Lieve Karel, Evalina, Maaike, Menno en Kirsten, bedankt voor alle steun, 

liefde, vragen en interesse de afgelopen jaren en jullie geweldige ontvangst in 

de Holzmann-familie. 

Lieve Simone, wat ben ik trots op jouw dat je na een HBO studie nu ook nog 

een universitaire studie doet, ik weet zeker dat de toga van de rechter jouw 

super goed gaat staan! In het begin van mijn promotie periode woonden we 

nog samen maar als snel ging ik samen met Folkert wonen. Ik vind het een fijne 

gedachte om te weten dat ik altijd bij jou terecht kan (en andersom natuurlijk 

ook) voor even bijkletsen, ei kwijt kunnen of gezellig samen een lekker hapje 

te eten. Je bent een super zusje. 

Lieve papa, kleine meisjes worden groot en dan lopen ze opeens in een witte 

doktersjas door het AMC. Bedankt voor je onvoorwaardelijke steun en alle 

liefde die je mij sinds dat ik klein ben hebt gegeven. Nog regelmatig vraag ik 

jou om advies, niet alleen bij het klussen maar ook nu bij mijn nieuwe baan. 

2014 was een pittig jaar maar ik ben super trots op je en ik hoop dat we snel 

weer veel vader-dochter-dingen gaan doen. 

Lieve mama, twee handen op een buik, wij voelen en denken vaak hetzelfde. 

Bedankt voor je onvoorwaardelijke steun en liefde, en dat ik altijd bij je terecht 

kan. Ik heb super veel respect voor de manier waarop jij in “het leven” staat, 

super dikke kus. 

Liefste Folkert, first things first: DE BROEDER HEEFT ALTIJD GELIJK! Ook al wil ik 

dit niet altijd toegeven, vaak heb jij aan één blik al genoeg om te weten dat er 

mij iets dwars zit, soms nog voordat ik het zelf door heb. Aan het begin van mijn 

promotie zei jij tegen mij dat het soms ook zwaar en pittig zou zijn (wederom 

had je weer gelijk) maar ondanks alles blijf je mij onvoorwaardelijk steunen. 

Bedankt voor alles, ook wat woorden niet kunnen uitdrukken. Ik houd van je.
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Samen met haar ouders en zusje Simone groeide zij op in Vijfhuizen. In 2006 

slaagde zij voor haar gymnasium aan het Coornhert Lyceum te Haarlem. Hierna 
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te Amsterdam. In 2011 behaalde ze haar master diploma Biomedische 
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Na haar studie werd Marlous junior docent aan de Vrije Universiteit te 

Amsterdam, waar ze infectieziekten cursussen gaf aan de eerste en tweedejaars 

studenten. In maart 2012 begon ze haar promotieonderzoek op de afdeling 

Longziekten van het Academisch Medisch Centrum (AMC) te Amsterdam 

onder begeleiding van prof. dr. E.H.D. Bel en prof. dr. P.W. Kamphuisen. Op dit 

moment is Marlous werkzaam als clinical research associate (CRA) bij Quintiles 

te Hoofddorp.

Marlous heeft een relatie met Folkert en samen wonen zij in Almere. 
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Period: 01-03-2012 – 01-10-2015

1. PhD training
Year Workload 

(ECTS)

General courses 
-  Basic course regulations and organization for clinical 

investigators (BROK course) 
- Basic laboratory safety
- Oral presentation in English
- Practical biostatistics
- Venipuncture course
- AMC world of science
- Advanced topics in Biostatistics
- Scientific writing in English
- Clinical data management
Specific courses
- Clinical epidemiology
- Infectious diseases
- Open Clinica database
- Systematic reviews
- Career development course
- EndNote course
- Communication with patients
- Computing in R

2012

2012
2012
2012
2012
2013
2014
2014
2015

2013
2013
2013, 2014
2013
2014
2014
2015
2015

0.9

0.4
0.8
1.1
0.4
0.7
2.1
1.5
0.6

0.6
1.3
5.0
0.3
0.8
0.1
0.2
0.4

Seminars, workshops, and master classes
- LUNG Amsterdam evening symposium
- LUNG Amsterdam mini-symposium
- NRS Young Investigators symposium
- Zeister Longsymposium, GlaxoSmithKline

2012, 2013, 2014
2012, 2014, 2015
2013, 2014
2015

0.3
0.3
0.4
0.2
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Presentations and posters
-  Longdagen, Utrecht: “Exacerbation of moderate asthma 

during inhaled steroid withdrawal does not induce systemic 
activation of coagulation” (oral presentation)

-  American Thoracic Society (ATS) congress, San Diego: 
“Exacerbation of moderate asthma during inhaled steroid 
withdrawal does not induce systemic activation of coagulation” 
(poster discussion)

-  European Respiratory Society (ERS) congress, Munich: 
“Systemic coagulation increases with asthma severity” 
(oral presentation)

-  Longdagen, Utrecht: “Oral and inhaled corticosteroid use 
has a time-dependent association with recurrent pulmonary 
embolism” (oral presentation)

-  Longdagen, Utrecht: “Coagulation activity increases with 
disease severity in patients with asthma” (poster discussion)

-  ISTH congress, Toronto: “Oral and inhaled corticosteroid use 
has a time-dependent association with recurrent pulmonary 
embolism” (poster discussion)

-  ISTH congress, Toronto: “Coagulation activity increases with 
disease severity in patients with asthma” (poster discussion)  

-  ERS congress, Amsterdam: “Oral and inhaled corticosteroid use 
has a time-dependent association with recurrent pulmonary 
embolism” (poster discussion) 

-  ERS congress, Amsterdam: “Coagulation activity increases with 
disease severity in patients with asthma” (poster discussion)

-  ERS congress, Amsterdam: “The temporal stability of 
coagulation and fibrinolytic factors in patients with asthma 
and healthy subjects” (poster discussion)

2014

2014

2014

2015

2015

2015

2015

2015

2015

2015

2015

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

(Inter)national conferences
- American Thoracic Society (ATS) international conference
-  European Respiratory Society (ERS) international conference
-  International Society on Thrombosis and Haemostasis (ISTH) 

international conference
- Nederlandse Longdagen 

2012, 2014
2014, 2015
2013

2012, 2014, 2015

2.5
2.5
1.3

1.5

Other activities
- Journal Club
- Research meeting department of Respiratory Medicine
- Research meeting department of Haematology 

2012 – 2015
2012 – 2015
2012 – 2015  

6.0
6.0
3.0

2. Teaching
Year Workload 

(ECTS)

Student coaching and mentoring
- 2 medical students for “bachelor thesis” 2013, 2014 2.0

3. Parameters of Esteem
Year

Awards and Prizes Longfonds publieksprijs 
2015 
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