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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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