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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 
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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). 
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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. 
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