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General introduction 
Asthma is a condition characterized by symptoms of chronic cough, wheezing, chest tightness 
and production of sputum, caused by a chronic inflammation of the airways, with airway 
hyperresponsiveness and variable airway obstruction1. Although many forms of asthma exist, it 
is often considered a condition that starts in childhood, is related to an atopic constitution and is 
subject to genetic predisposition2. However, not all asthma starts in childhood. Although many 
patients experience the onset of symptoms in early childhood, a proportion of asthma patients 
develops asthma in adult life. These patients with adult-onset or late-onset asthma are important 
to identify, because this asthma phenotype is often more severe. It shows less remission than 
childhood onset asthma3, it has a faster decline in lung function4 and often persistent airflow 
limitation5. These signs of severity in adult onset asthma, underline the need for further research 
on this condition. This thesis aims to provide more insight into adult-onset asthma.

Besides the age of onset, other asthma characteristics may differ between asthma patients. 
Whereas typical childhood asthma is often associated with allergy or atopy, a considerable group 
of asthma patients shows no signs of allergy for specific allergens6. In these patients, asthma 
may be related to different triggers, like occupational asthma, exercise induced asthma, aspirin 
exacerbated asthma or asthma related to specific co-morbidity, like obesity or gastro-esophageal 
reflux disease7. The phenotype of adult-onset asthma shows less association with atopy as 
compared to childhood-onset asthma6, 8.
 
Phenotyping asthma
The recognition of different subtypes of asthma, other than childhood asthma, has led to the 
identification of specific (adult-onset) asthma phenotypes. These phenotypes can be based on 
specific characteristics, like levels of severity, frequency of exacerbations, presence of allergy or 
inflammatory subtypes. Several studies investigated these phenotypes by comparing groups 
of asthma patients with specific characteristics. Later, unbiased statistical methods were used 
like cluster analysis9. Several cluster analyses9-11 have provided us with reasonably stable asthma 
phenotypes that can be clinically identified and that have implications for prognosis and treatment. 
We believe phenotyping of asthma, with assessment of clinical, functional and inflammatory 
characteristics, is now mandatory, especially in difficult to treat asthma and it will become more 
important with further development of phenotype specific treatment options12-14. 

The definition of asthma1 not only includes symptoms and lung function, but also contains chronic 
airway inflammation. Airway inflammation is therefore an important feature in the pathogenesis 
of asthma, but unfortunately, it is not always addressed in the diagnostic and management phase. 
The vast majority of asthma patients has some degree of airway inflammation, but the type and 
intensity of inflammation can vary greatly between different asthma patients. Many inflammatory 
cells and cytokines can be involved. Important mediators that play a role in asthma include 
specific and total IgE, different interleukins (e.g. IL-4,  IL-5, IL-13) and different white blood cells 
including neutrophilic and eosinophilic granulocytes and mast cells. IgE can bind with known or 
unknown allergens and cause histamine release from mast cells with subsequent inflammation. 

1. Introduction
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Dendritic cells cause T-cells to differentiate into TH2-cells and to produce interleukins like IL-4, IL-5 
and IL-13, which in turn stimulate eosinophilia and further airway inflammation. More recently, 
innate lymphoid cells type 2 (ILC2) have also been identified as a driving factor in eosinophilic 
inflammation. ILC2s are also able to produce IL-5 and IL-13 and are thought to be mainly involved 
in non-allergic eosinophilic airway inflammation15. This last pathway might be especially important 
in patients with adult-onset eosinophilic asthma.

Although asthma has been regarded to be a heterogeneous disease, clinicopathological studies 
have been focusing on similarities between different asthma subtypes16, 17. Later, it has been 
recognized that different asthma patients exhibit different types of airway inflammation18, 19, 
which could sometimes be related to several clinical or functional characteristics. Especially 
distinguishing eosinophilic from non-eosinophilic asthma can be helpful in treating asthma. 
It has been shown that demonstrating eosinophilic airway inflammation can help to identify 
patients that are likely to respond to corticosteroid treatment20 and that a rise in eosinophilic 
inflammation can predict asthma instability21. Eosinophilic airway inflammation has also been 
successfully used to guide corticosteroid treatment22, 23. Distinction should be made between 
patients with mild-moderate asthma with involvement of eosinophils, which responds well to 
inhaled corticosteroids and patients who exhibit (severe) eosinophilia despite corticosteroid 
treatment. The latter represent a difficult to treat condition with often higher severity and more 
lung function abnormalities5, in which other treatment options are highly needed. This thesis 
aims to provide a clear profile of patients with eosinophilic adult-onset asthma, to enable the 
clinician to recognize this important phenotype and to provide the optimal treatment for each 
patient. 

Novel biologicals are being developed, that are directed at specific mediators in eosinophilic airway 
inflammation and that are promising especially in severe asthma. Several studies investigating the 
effect of monoclonal antibodies to IL-5, like mepolizumab, have been of specific interest. A first 
study with mepolizumab in patients with mild allergic asthma showed a reduction in eosinophils, 
but no relevant clinical effects in patients with asthma24. However, in following studies that were 
conducted in patients with severe eosinophilic asthma, a reduction in asthma exacerbations and 
an important steroid sparing effect was found25, 26. Thus, the selection of patients was important in 
the success of this new agent , showing the importance of phenotyping in asthma, especially for 
assessing the clinical profile and the type of airway inflammation. In the past years, several studies 
in severe eosinophilic asthma patients have confirmed the beneficial effects of treatment with 
mepolizumab in this condition12, 13. 

Currently, the most promising new medicines mainly aim at factors in the eosinophilic 
inflammatory cascade, and are less or not effective in non-eosinophilic airway inflammation. 
Agents directed at blocking IL-5 (mepolizumab, reslizumab and benralizumab) have been shown 
to be very effective in severe eosinophilic asthma. Further, biologicals targeting other cytokines 
in eosinophilic asthma are being investigated with some promising results, like inhibitors of  
IL-13 (lebrikizumab, tralokinumab) or IL-4 receptor alpha (dupilumab, pitrakinra).  Omalizumab, 
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a monoclonal antibody targeting the high-affinity receptor binding site on IgE needs to be 
mentioned here as well. Patients with severe IgE-mediated asthma with eosinophilia might 
benefit from this therapy, that has proven its worth in asthma treatment27. 

Asthma with non-eosinophilic airway inflammation is less responsive to corticosteroid  
treatment19, 20 and patients with this type of inflammation might benefit from other inflammation 
specific treatment options. Macrolide antibiotics28 are promising in this group of asthma patients. 
TNF-alpha-blockers could reduce inflammation and exacerbations29, but concern has been 
raised by serious adverse events in a large trial30. It has to be determined whether this group 
of medicines could be beneficial to specific groups of asthma patients. CXCR2 (IL-8-receptor) 
antagonists can suppress neutrophilic inflammation31, 32 and could thereby be promising in 
treating asthma with neutrophilic airway inflammation. One can imagine that specific treatment 
options for neutrophilic asthma will be further developed in the coming years.  
 
Focus on important yet underexposed asthma phenotypes
Inflammatory phenotyping and assessing the biomarkers involved in different asthma 
phenotypes will become increasingly important with the development of precision medicine33, 
which takes individual patient characteristics into account when starting a certain therapy. This 
will presumably lead to a change in asthma management, but also provides new challenges for 
clinicians and researchers. 

It will be important to determine which phenotypes are clinically relevant and which will represent 
the most severe groups. Also, it would be interesting to know whether these phenotypes are 
stable and represent the same patients over time. However, phenotyping of asthma patients 
starts with recognizing the asthma subtype of individual patients. 

The important next step will be to describe specific asthma phenotypes regarding clinical, 
functional and inflammatory characteristics, to help clinicians in the recognition of different 
asthma subtypes. This may help in optimizing precision medicine for the individual patient. The 
most important phenotypes should be analyzed in detail, to provide complete descriptions and 
possibly even diagnostic criteria that can be used in daily practice. Eventually diagnostic tests or 
easy to assess biomarkers could be used in diagnosing specific asthma phenotypes. 

Also, the therapeutic options in severe asthma should be expanded. At this time treatment 
targeting IgE is available and therapies directed at IL-4, IL-5 and IL-13 are being further developed. 
It could be expected that several therapies directed at Type 2 inflammation become more 
widely available in the upcoming years. Another option for patients with ongoing eosinophilic 
inflammation could be reducing inflammation by increasing steroid responsiveness34. Vitamin 
D might be a promising agent since it has been shown to improve steroid responsiveness by 
restoring IL-10 response34, 35. 
For patients with non-eosinophilic airway inflammation, aimed therapy with biologicals is being 
studied, but it is not expected to be available in regular clinical practice any time soon. Other 

1. Introduction
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approaches to asthma management need to be further addressed too, like treatment with 
macrolides and other antibiotics. Interestingly, vitamin D might also be beneficial in this subgroup 
of asthma patients, because of the suggested improvement of antimicrobial defense36, 37.   

The present thesis is mainly focused on the adult-onset eosinophilic asthma phenotype. This 
asthma phenotype represents a very important group of patients, because of the previously 
described higher level of severity and the upcoming new targeted treatment options. However, 
further research is needed to provide a more detailed description of this phenotype and its 
pathophysiology. This thesis aims to describe the current knowledge on this specific asthma 
subtype and to provide typical characteristics and signs of severity within this phenotype. Also 
the effects of treatment with vitamin D on airway inflammation in this phenotype is explored.
 
Aims and outline of this thesis
The aim of the research presented in this thesis is to gain better insight into specific asthma 
phenotypes, especially the adult-onset, eosinophilic asthma phenotype, thereby contributing to 
expansion of treatment options in this difficult to treat condition. 

In chapter 2, an overview of the literature on the adult-onset, eosinophilic asthma phenotype is 
given. The specific clinical characteristics and definitions are outlined and the current therapeutic 
possibilities are discussed. This summarizes the current knowledge on adult-onset, eosinophilic 
asthma and the remaining questions about this asthma phenotype.

Chapter 3 describes the phenotype of adult-onset, eosinophilic asthma in a large cohort of 
patients with adult-onset asthma. Adult-onset asthma patients with elevated levels of blood 
eosinophils are systematically compared to asthma patients with low blood eosinophils with 
regard to different clinical and functional characteristics and co-morbidity. The complete clinical 
and functional profile of the phenotype of adult-onset eosinophilic asthma is thus provided, 
which is important for the recognition and treatment of patients with this disease. 

In chapter 4, patients with severe adult-onset asthma are investigated. Not all patients with 
adult-onset asthma show signs of severity and it is important to recognize the ones that do, to 
anticipate a worse prognosis and maybe intensify treatment. In a cohort of adult-onset asthma 
patients, patients with severe disease are compared to non-severe asthma patients regarding 
specific clinical, functional and inflammatory characteristics, to identify signs or predictors of 
more severe disease.  

In chapter 5, risk factors for frequent severe asthma exacerbations are discussed. Within a cohort of 
adult-onset eosinophilic asthma patients, patients with a high exacerbation rate in the previous 
year were compared to patients who experienced few exacerbations in the previous year. This 
provides an insight into which patients with eosinophilic asthma, a phenotype known for a higher 
exacerbation rate, are especially prone for frequent exacerbations. Risk factors and odds ratios for 
developing exacerbations are provided. 
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Chapter 6 describes a randomized controlled trial that evaluates the effect of high dose vitamin 
D supplementation on neutrophilic and eosinophilic airway inflammation in patients with non-
atopic asthma. Since vitamin D is associated with many asthma-related factors, it might be a 
promising new therapy for asthma. We evaluate whether vitamin D is able to reduce neutrophilic 
and/or eosinophilic airway inflammation and the effect on lung function and asthma control is 
investigated. 

A summary and general discussion concerning adult-onset eosinophilic asthma and the results 
of our studies are presented in chapter 7. We compare our results with the previous literature 
concerning adult-onset eosinophilic asthma. Further, the clinical implications of our results are 
discussed and new research questions about this subject are assessed.
 
 
 
 
 
 
 

1. Introduction
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Summary 
Now that it is generally accepted that asthma is a heterogeneous condition, phenotyping of 
asthma patients has become a mandatory part of the diagnostic workup of all patients who 
do not respond satisfactorily to standard therapy with inhaled corticosteroids. Late onset, 
eosinophilic asthma is currently one of the most well-defined asthma phenotypes and seems to 
have a different underlying pathobiology than classical childhood onset, allergic asthma. Patients 
with this phenotype can be identified in the clinic by typical symptoms (few allergies, dyspnea 
on exertion),  typical lung function abnormalities (‘fixed’ airflow obstruction, reduced FVC and 
increased residual volume), typical co-morbidities (nasal polyposis) and good response to 
systemic corticosteroids. The definitive diagnosis is based on evidence of eosinophilia in bronchial 
biopsies or induced sputum, which can be estimated with reasonable accuracy by eosinophilia 
in peripheral blood. Until recently, patients with eosinophilic asthma had a very poor quality of 
life and many suffered from frequent severe exacerbations or were oral corticosteroid dependent. 
Now, novel biologicals targeting the eosinophil have become available that have shown, for the 
first time, to be able to provide full control of this type of refractory asthma and to become a safe 
and efficacious substitute for oral corticosteroids.
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2. Management of the patient with eosinophilic asthma: a new era begins

Introduction
Over the last decades, asthma has no longer been considered a single disease but a collection of 
different conditions with overlapping symptomatology yet diverse etiologies.1 The importance 
of defining subtypes has been increasingly recognized, and multiple subphenotypes of asthma 
have been identified based on clinical, functional or inflammatory parameters.2-5 Probably the 
most consistent and clinically relevant phenotype is late-onset, eosinophilic asthma.6, 7 Patients 
with this phenotype show persistent eosinophilic airway inflammation despite treatment with 
inhaled corticosteroids, which is associated  with more severe disease and a poorer prognosis.8-12 
Recognition of this relatively rare phenotype in the clinic has now become even more important, 
since targeted therapies, like monoclonal antibodies against interleukin-5, have been developed 
and will soon become available.13, 14 These novel treatment options are very promising and could 
for the first time eliminate the unmet need in patients with severe, late-onset, eosinophilic 
asthma and become a safe and effective substitute for systemic corticosteroids.15 In this review 
we describe the clinical, pathophysiological and management aspects of this specific asthma 
phenotype, to provide the clinician with tools for early recognition targeted treatment of these 
patients. 
 
Asthma phenotypes and the role of the eosinophil
Phenotyping of asthma is not new. Already in 1947 Rackemann pointed out that different 
subtypes of asthma existed.16 Around that time, asthma was considered an illness characterized 
by ‘spasmodic afflictions of the bronchial tubes’ with a good response to the bronchodilating 
agent isoprenalin.17 The most common assumption was that an allergic trigger was responsible 
for airway obstruction and symptoms of asthma. Rackemann challenged this theory by stating 
“Even the ‘allergists’ now recognize that ‘all is not allergy that wheezes’ “. In his paper ‘Intrinsic 
Asthma’ he described patients with adult onset asthma, without any sign of allergy, but with a 
more severe course of the disease, including several fatalities.16 In an animated discussion he and 
his colleagues wondered what the initiating trigger of ‘intrinsic asthma’might be: Is it allergy at all? 
Allergy to drugs, such as aspirin? Allergy to bacteria, yet to be identified? Related to a nerve reflex 
from the nose or sinuses? Or was it due to an infection? This latter option was considered less 
likely, since high levels of blood eosinophils were observed instead of neutrophils. Rackemann 
made a plea for further research in this non-allergic asthma subtype: “Surely it is hard to believe 
that the wheeze which comes to the young school girl in the middle of the ragweed season is the 
same disease as that which develops suddenly in the tired business man and pushes him down 
to the depths of despair.”16  
Despite this visionary plea for asthma phenotyping, asthma continued to be regarded as a 
single disease that was strongly associated with allergy, in particular in children.18 From 1963 an 
increasing number of papers was published on the increases in the prevalence of allergies and 
asthma in children and young adults.19, 20 This ‘epidemic’ of allergy and asthma was thought to be 
related to increased exposure to sensitizing allergens and reduced stimulation of the immune 
system during critical periods of development.21 Risk factors with the best potential for primary 
prevention included parental smoking, breast-feeding, dietary factors and, most importantly, 
indoor allergens.22
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In the meantime significant progress was made in the development of new asthma treatments. 
Following on from the success in rheumatoid arthritis, the first small trial of adrenocorticotropic 
hormone (ACTH) in  asthma was reported in 1949.23 Since then several studies confirmed the 
beneficial effects of glucocorticoids in asthma and by the 1970s systemic corticosteroids were 
accepted as the standard therapy to treat and prevent asthma exacerbations.24 Because of the 
serious side effects of this therapy, inhaled corticosteroids weredeveloped and introduced in 1973 
with a much better risk-benefit profile.25 Up till today, inhaled corticosteroids are the mainstay of 
asthma treatment. 
The concept of asthma as one single condition with one uniform therapy began to falter by 
the observation that a small subset of asthma patients were not controlled  on even high doses 
of inhaled corticosteroids; so-called ‘difficult asthma’patients.26 In addition, it became clear 
that specific subgroups of asthma patients could be identified, either on the basis of clinical 
characteristics (with and without frequent exacerbations)27, age of asthma onset (childhood 
onset vsadult onset)28, lung function abnormalities (with and without persistent airflow limitation) 
11, trigger factors (allergic, non-allergic, aspirin-induced)29 or type of airway inflammation 
(eosinophilic vs non-eosinophilic).30 Wenzel et al were the first in 1999 to describe a specific 
phenotype of severe asthma characterized by persistent eosinophils in bronchial biopsies despite 
high dose inhaled and/or oral corticosteroid treatment, which they called “eo+ severe asthma”.30 
Almost 10 years later, a breakthrough in clinical asthma phenotyping came from studies that 
used cluster analysis to identify different subphenotypes of asthma in a more objective way.31-34 
These clusters varied with respect to severity of symptoms, age of asthma onset, degree of airflow 
limitation or type of airway inflammation, but most analyses suggest that adult patients are likely 
to fall into one of five clusters.1, 35, 36 Remarkably, some cluster analyses identified a phenotype of 
patients with late onset, eosinophilic asthma that was clearly distinct from the classical “allergic 
asthma” phenotype.32, 33 In the following we will discuss in more detail the clinical profile, the 
pathophysiological mechanisms, the management and the novel therapeutic options for this 
eosinophilic asthma phenotype.  
 
Molecular pathways of eosinophilic inflammation
Eosinophils are bone marrow derived granulocytes that have long been recognized as the major 
inflammatory cells involved in the pathobiology of both childhood-onset allergic asthma and 
adult-onset non-allergic asthma.37 In patients with childhood onset allergic asthma, eosinophils 
increase after exposure to specific allergens.38 This allergic response is often manifested as a dual 
reaction, consisting of an early phase response that involves mainly mast cell degranulation39, 
followed by a late phase response in which a secondary infiltration of cells occurs in the airways.40 
Eosinophils co-migrate with inflammatory cells and frequently undergo degranulation, releasing a 
range of cytotoxic products including major basic protein, eosinophil cationic protein, eosinophil-
derived neurotoxin, and eosinophil peroxidase.41 They also produce a variety of cytokines and 
chemokines, that further contribute to airway epithelial damage, edema, mucus overproduction 
from goblet cells and bronchial hyperresponsiveness.42

In childhood-onset allergic asthma, T-helper-2 (Th2) cells are believed to drive the immune 
response, since greater expression of Th2 cytokines including interleukin (IL)-4, IL5  and IL-13 is 
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seen in allergen challenged individuals, along with down regulation of Th1 cytokines (IL-2, IFN-
gamma)42. IL-4 promotes TH2 cell development and B cell isotype switching, and it affects the 
production of chemokines by the airway epithelium.43 IL-5 plays an important role in the migration, 
maturation and survival of eosinophils and IL-13 has been shown to cause airway inflammation, 
increased mucous secretion, subepithelial fibrosis and eotaxin production.44 Furthermore, IL-13 
has also been shown to increase airway hyperresponsiveness.45

However, the cytokine network associated with asthma in humans is complex and eosinophilia is 
not always associated with allergic inflammation or the atopic asthma phenotype.46 For example, 
several studies suggest that although IL-4 triggers the polarization of T cells to a Th2 phenotype, 
it is not necessary for the manifestation of eosinophilic inflammation in asthma.47

Adult-onset eosinophilic astma frequently develops in the absence of allergen-dependent 
activation of Th2 lymphocytes, which suggests  a distinct underlying mechanism of eosinophilic 
inflammation apart from allergy. Recent evidence suggests that innate lymphoid cells (ILC)-2 have 
a central role in driving this type of eosinophilic asthma.48-50 High numbers of ILC2s have been 
detected in airways and blood from patients with asthma51 as well as in eosinophilic nasal polyps52, 
a frequently observed co-morbidity in late onset,eosinophilic asthma.53 ILC’s can be activated 
in an allergen-independent manner by IL-25, IL-33, and thymic stromal lymphopoietin (TSLP)54, 
which are released from bronchial epithelial cells upon stimulation with viruses, fungal allergens 
and air pollutants. Production of cytokines by these cells is also stimulated by prostaglandin D2 
via activation of its chemo-attractant receptor-homologous molecule (CRTH2) receptor.55 Like 
Th2 cells, activated ILC’s produce high amounts of IL-5, and IL13 , and are capable of inducing 
airway eosinophilic inflammation independent of T cells.50 In addition, ILC2s have been shown 
to be essential for the persistence of asthma.56 Thus, in asthma, two different pathways driven by 
either allergen-specific TH2 cells or allergen-independent ILC2s may lead to production of IL-5, 
which induces eosinophilic airway inflammation. 
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Figure 1: Two different pathways lead to eosinophilic airway inflammation in asthma. 
In allergic asthma, dendritic cells present allergens to CD4+ T cells, inducing TH2 cells, which produce IL-4, 
IL-5 and IL-13, and leading to IgE switching in B cells, airway eosinophilia and mucous hypersecretion. In 
nonallergic eosinophilic asthma, air pollutants, microbes and glycolipids induce the release of epithelium-
derived cytokines, including IL-33, IL-25 and TSLP, which activate ILC2s in an antigen-independent manner 
via their respective receptors (IL-17RB, ST2 and TSLPR). Activated ILC2s produce high amounts of IL-5 and 
IL-13, leading to eosinophilia, mucous hypersecretion and airway hyperreactivity. CRTH2, chemoattractant 
receptor-homologous molecule expressed on TH2 cells. ALX/FPR2, receptor for lipoxin A4; FcεRI, high-affinity 
receptor for IgE; GATA3, GATA-binding protein 3;PGD2, prostaglandin D2; RORα, retinoic acid receptor–related 
orphan receptor α. 

Reprinted by permission from Macmillan Publishers Ltd: [Nature Medicine] (Brusselle GG, Maes T, Bracke KR. 
Eosinophils in the spotlight: Eosinophilic airway inflammation in nonallergic asthma. Nat Med 2013: 19(8): 977- 
979.), copyright (2013) 
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Table 1: Characteristics and associations of patients with late-onset, 
eosinophilic asthma 

Characteristics of late-onset eosinophilic asthma 
Adult onset of disease 

Less female predominance 
Less specific allergy, but raised IgE 

Frequent exacerbations 
Lower FEV1 and more persistent airflow limitation 

Involvement of peripheral airways 
Signs of systemic eosinophilia 

Nasal polyposis 
Involvement of nasal sinuses and/or middle ear 

Aspirin sensitivity 
IgE = immunoglobulin E, FEV1 = Forced expiratory volume in 1 minute 

 

2. Management of the patient with eosinophilic asthma: a new era begins

Clinical profile of the patient with eosinophilic asthma 
The term “eosinophilic asthma” describes a subphenotype of asthma that is characterized by 
elevated levels of eosinophils in bronchial biopsies or sputum despite chronic and correct use 
of adequate doses of inhaled corticosteroids.57-60 The exact prevalence of eosinophilic asthma 
is not known, but one study in patients with ‘difficult asthma’ on high dose inhaled and/or oral 
corticosteroids showed that of 44 patients, 14 (32%) exhibited sputum eosinophilia ≥2% on two 
occasions with a 5 year interval61. By extrapolating these figures to the entire asthma population62, 
one could estimate that about 5% of all adult asthma patients would fulfill the criteria of the 
‘eosinophilic asthma’ phenotype. 
Apart from eosinophilic airway inflammation that is relatively steroid resistant, the eosinophilic 
asthma phenotype is  characterized by specific clinical,  functional and inflammatory characteristics 
and co-morbidities.6 (Table 1)

Table 1: Characteristics and associations of patients with late-onset, eosinophilic asthma 

IgE = immunoglobulin E, FEV = Forced expiratory volume in 1 minute

First, the eosinophilic asthma phenotype appears to be more common in patients with adult 
onset asthma, than in those with childhood-onset asthma.28 The average age of onset is 25-35 
years of age32, 60, 61 and, while adult asthma generally shows a female preponderance 63, eosinophilic 
asthma appears to be more equally distributed between males and females.32, 61  
Patients with late onset eosinophilic asthma are less often typical allergic than other adults with 
asthma.28, 61, 64 However, although not sensitized to common inhaled allergens32, many patients 
have elevated levels of total IgE, which may be linked to hidden allergens, such as superantigens 
against staphylococcus aureus.65, 66 In addition, late-onset eosinophilic asthma is often associated 
with sensitivity to non-steroidal anti-inflammatory medications (aspirin).28, 29

Several studies have shown that late onset eosinophilic asthma is associated with more severe 
disease than non-eosinophilic asthma.8, 30 High levels of eosinophils in sputum67 as well as in 
bronchial biopsies68 are associated with poor asthma control, more severe asthma69 and (near)-
fatal asthma attacks.70 In a biopsy-study in patients with severe asthma, it appeared that the 
patients who had eosinophilic inflammation despite systemic corticosteroids had an almost 20 
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times higher odds for being intubated as compared to those without eosinophilic inflammation. 30 

In patients who died from asthma,significantly more eosinophils were found in large as well as 
small airways as compared to biopsies from patients with milder exacerbations.71

Late onset eosinophilic asthma is also associated with lower FEV1 and airflow limitation that is 
not fully reversible with bronchodilators.11, 28, 31, 72, 73 In addition, peripheral airways are more 
involved in the inflammatory process than in other adults with asthma, as was shown by a lower 
FVC/SVC and higher levels of alveolar NO in patients with eosinophilic asthma.30, 74

Another characteristic feature of late-onset eosinophilic asthma is chronic rhinosinusitis with nasal 
polyposis.75 The association between peripheral blood eosinophilia, nasal polyposis and asthma 
has been recognized for many decades, in particular in combination with aspirin sensitivity.29, 76-80 

This association has been confirmed in a study in adults with difficult-to-control asthma, showing 
that severe sinus disease was a strong independent predictor of persistent eosinophilia in blood 
or sputum.53 Mucosal inflammation in these patients might extend even to the middle ears. 
In 2011 a newly recognised middle ear disease, eosinophilic otitis media, has been described, 
characterized by a highly viscous eosinophil predominant middle ear effusion causing progressive 
deterioration of hearing. This otitis is associated with asthma and nasal polyps and responds to 
prednisone, whereas other treatments for otitis media failed.81, 82

Thus, late-onset eosinophilic asthma is characterised by systemic inflammation and involves 
the whole respiratory tract,  from the paranasal sinuses to the very distal airways. Treatment 
with inhaled steroids, even in very high doses is often not sufficient to obtain control of the 
disease, probably because peripheral airways and paranasal sinuses cannot be reached 
adequately with inhaled or topical corticosteroids.83, 84 It has been demonstrated repeatedly that 
systemic corticosteroids can blunt the eosinophilic inflammatory process and improve asthma 
symptoms85, 86 and that the apparent resistance to corticosteroids in this asthma phenotype is only  
relative. 
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Figure 2: Effect of high dose triamcinolone  on sputum eosinophils 

Effect of treatment with intramuscular triamcinolone (circles) or placebo (squares) on sputum 
eosinophil percentages in 22 patients with severe asthma. (Open symbols) Patients using oral 
corticosteroids on a daily basis. (Closed symbols) Patients not using oral corticosteroids on a daily 
basis. Lines represent median values. 
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Figure 2: Effect of high dose triamcinolone  on sputum eosinophils 
Effect of treatment with intramuscular triamcinolone (circles) or placebo (squares) on sputum eosinophil 
percentages in 22 patients with severe asthma. (Open symbols) Patients using oral corticosteroids on a daily 
basis. (Closed symbols) Patients not using oral corticosteroids on a daily basis. Lines represent median values. 

Management of the patient with eosinophilic asthma 
Early identification of patients with eosinophilic asthma in clinical practice is important because 
these patients are at risk of poor asthma outcome11, 87, 88, which has implications for asthma 
management. However, identifying these patients in day to day practice may not be easy.  First, 
the typical patient with “eosinophilic asthma” is relatively uncommon89 and has few symptoms 
despite active airway inflammation32. This  is probably explained by a blunted perception of 
dyspnea, as has been shown in severe asthma patients with high levels of sputum eosinophils 90. 
These symptoms are also atypical, with more pronounced dyspnea on exertion instead of 
wheezy attacks, which is related to dynamic hyperinflation due to distal airway inflammation.30, 74  
Thirdly, most patients with eosinophilic asthma have an adult onset of their disease, are non-
atopic, and have fixed airflow limitation.11, 28 Taken together, these symptoms and signs differ 
greatly from those of classical childhood onset allergic asthma and may be indistinguishable 
from those of COPD.91 In line with this, a recent study evaluating the effect of a new biological 
in severe prednisone-dependent asthma patients15, showed greater improvement in the St. 
George’s respiratory questionnaire (SGRQ) score, a questionnaire that is primarily designed for 
COPD patients, than in the asthma control questionnaire (ACQ) score. The treating physician 
may therefore easily misdiagnose the patient with eosinophilic asthma and, more importantly, 
prescribe inadequate treatment.  Indeed, treating a patient with persistent eosinophilia with 
bronchodilators alone without corticosteroids is undesirable and may even be associated with 
increased morbidity and mortality.70, 71, 92
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In order to make the correct diagnosis, a few items in the history and physical examination may 
be of help. If a patient has a negative or limited smoking history (<15 years) and no history of 
occupational exposures, a diagnosis other than (classical) COPD should be considered. Also, 
the presence of nasal polyps on examination or a history of recurrent surgery for nasal polyps 
may hint  towards  eosinophilic asthma.93 Lastly, exacerbations that recur again and again after 
discontinuation of systemic corticosteroid courses are often a sign of corticosteroid dependency, 
which is a common feature of eosinophilic asthma.14, 15, 60 Because the risk of misdiagnosis 
and inadequate treatment is highest amongst practitioners who are not familiar with the 
clinical presentation of a patient with eosinophilic asthma, like GPs or nurse practitioners,  it 
is recommended that the type of airway inflammation should be assessed in all patients with 
COPD who have a limited smoking history, nasal polyps and/or recurrent exacerbations. More 
importantly, these patients should be referred to an asthma specialist for further assessment and 
targeted treatment.94

Diagnosing the patient with eosinophilic asthma should ideally be done by analyzing sputum 
samples. 5 However, sputum induction is not easy to perform in routine clinical practice and 
requires access to specific laboratories with trained personnel.95, 96 Therefore, the use of several 
alternatives to sputum cell counts, including peripheral blood eosinophils, fractional exhaled 
nitric oxide (FeNO), and serum IgE have recently been evaluated in a systematic review.97 The 
results show that overall, blood eosinophils, FeNO and IgE have only moderate accuracy to 
distinguish between patients with and without airway eosinophilia. Another recent study showed 
that in smoking and nonsmoking patients with adult onset asthma the diagnostic accuracies 
of  FeNO and blood eosinophils were superior to that of total IgE, whilst combining FeNO and 
blood eosinophils into one model further improved the overall diagnostic accuracy.98 A cut-off 
value of eosinophils <0.09*10^9/L was associated with absence of airway eosinophilia in 92% of 
patients, whereas a value of ≥0.41*10^9/L was associated with sputum eosinophils ≥3% in 95% 
of patients.98 Blood eosinophilia, therefore, seems to be the most feasible surrogate marker to 
detect airway eosinophilia in patients with adult onset airway disease in routine practice.14, 99, 100  
Patients with adult onset eosinophilic asthma should also be checked for chronic rhinosinusitis 
with nasal polyposis. Typically, patients with chronic rhinosinusitis and nasal polyps have impaired 
sense of smell, which can be used as a tool to identify nasal polyposis in patients with eosinophilic 
asthma.101 Diagnosis and management of chronic rhinosinusitis with nasal polyposis requires 
expertise from a specialist.102 Therefore, a patient with eosinophilic asthma should preferably be 
referred to an ENT clinic soon after a diagnosis of a patients with newly diagnosed eosinophilic 
asthma.  
Distal airway inflammation with air trapping and dynamic hyperinflation are also common in 
eosinophilic asthma and should be addressed and treated if necessary. In a recent pilot study, 
fine particle formulations were added to standard ICS treatment in patients with eosinophilic 
asthma to specifically target the distal airways.85 The results showed that adding fine formula ICS 
suppressed airway eosinophilia more than placebo, confirming earlier reports that eosinophilia in 
these patients is not entirely steroid resistant.86

Finally, patients with eosinophilic asthma often depend on systemic corticosteroids for control 
of their disease.15 It is without saying that patients receiving this treatment chronically should 
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receive preventive therapies for osteoporosis, peptic ulcer, and that they have to be checked 
regularly for weight gain, hypercholesterolemia, hypertension and diabetes.103

 
New treatment options for the patient with eosinophilic asthma
For patients with eosinophilic asthma, inhaled corticosteroids, even in very high doses, are not 
sufficient to control the disease. It is for these often oral steroid-dependent patients that specific 
therapeutics targeting components of the inflammatory response have been developed or are 
currently under investigation. 
 
Omalizumab
Omalizumab is a monoclonal antibody that binds IgE and is, to date, the only biologic therapy 
approved for asthma. IgE has a central role in the pathophysiology of allergic responses and 
omalizumab attenuates both the early-phase and late-phase responses to inhaled allergens 
in patients with asthma.104 Although total serum IgE levels do not correlate with the degree of 
tissue eosinophilia, treatment with anti-IgE therapy has been shown to reduce airway and blood 
eosinophils and to be efficacious in reducing exacerbations in children, adolescents and adults 
with asthma.105-107 However, there are patients with uncontrolled asthma that do not respond 
to anti IgE therapy and show persistent eosinophilic inflammation. That is why therapeutics 
targeting Th2 cytokines including IL-4, IL-5, IL13 have been developed and tested in clinical trials 
in patients with eosinophilic asthma. 
 
Anti IL-4 and anti-IL-13
IL-4 and IL13 play a key role in the pathogenesis of asthma, and several compounds aiming to 
target these cytokines are now being evaluated of which the most promising will be discussed 
here.108  
Lebrikizumab and tralokinumab, are both humanized monoclonal IgG4 antibodies to IL-13 and 
potent inhibitors of its function. Corren evaluated the efficacy of lebrikizumab in a large trial in 
patients with moderate to severe asthma not controlled on inhaled glucocorticoids, and showed 
a significant improvement in FEV1 in the subgroup with elevated periostin levels at baseline.109 
Unfortunately, two more recent phase II trials in mild asthmatics were less promising, and did 
not show an improvements in FEV1 or reduction in the late asthmatic response to allergen.110, 111 
The failure of these last two trials suggests that patients with mild asthma whose asthma can be 
controlled on inhaled corticosteroids are less likely to benefit from lebrikizumab. 
Tralokinumab was evaluated in a large group of patients with moderate to severe asthma and 
although there was no change in the primary endpoint (asthma control),  there was a statistically 
significant reduction in beta-2-agonist use and increase in FEV1 in particular in the subgroup of 
patients with elevated IL-13 levels in sputum.112

These trials suggested that both tralokinumab and lebrikizumab may have beneficial effects on 
lung function in selected patients.
Therapies that inhibit both IL-4 and IL-13, including pitrakinra, a recombinant form of IL-4 and 
dupilumab, a monoclonal antibody to IL-4 receptor-a have shown more promising results.
A phase II-b study of pitrakinra in moderate to severe asthmatics demonstrated a reduction of 
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exacerbation frequency among subgroups of patients with eosinophilic asthma, elevated exhaled 
nitric oxide levels and a specific IL-4 receptor polymorphisms during withdrawal of inhaled 
corticosteroids.113 Wenzel et al. evaluated the effect of  dupilumab in patients with moderate to 
severe eosinophilic asthma during tapering of  inhaled glucocorticoids and showed significant 
reduction in asthma exacerbations and improvements in lung function and asthma control.58 

This latter proof of concept study suggests a potential role for dupilumab in a specific subset of 
patients with poorly controlled eosinophilic asthma.
 
Anti-IL-5
IL-5 plays a critical role in eosinophil differentiation, maturation, recruitment, and activation in 
tissues.114 This cytokine is extremely specific to eosinophils and has been an important therapeutic 
target in clinical asthma trials.115 Several studies have investigated the effects of anti-IL-5 therapy in 
asthma. In 2000, Leckie et al. published a randomized, placebo-controlled proof-of-principle study 
in 24 patients with mild allergic asthma in which they showed that treatment with mepolizumab, a 
humanized monoclonal antibody to IL-5, resulted in a significant reduction in both circulating and 
sputum eosinophils.116 To the surprise of the investigators, IL-5 had no effect on the late asthmatic 
response to allergen challenge nor on the associated increase in airway hyperresponsiveness. Two 
other studies, one relatively small dose finding study and a large multicenter trial of 362 patients 
with mild allergic asthma117 confirmed that mepolizumab was associated with a significant and 
sustained reduction in sputum and blood eosinophils, however, without any effect on clinical 
asthma indices or measures of lung function. This lack of clinical effect of anti-IL-5 therapy was 
disappointing and questioned the role of eosinophils in asthma. 116

However, in 2009, by selecting patients with severe asthma and persistent blood and sputum 
eosinophilia, two independent studies were able to show a significant decrease in exacerbations 
and an improvement in asthma control with mepolizumab, in addition to a prednisone-sparing 
effect.59, 60 Both of these trials provided evidence that in a select group of asthma patients with 
severe ‘eosinophilic asthma’, inhibition of IL-5 could result in clinically important benefits and set 
the stage for large multicenter trials. A few years later, two large multicenter trials evaluated the 
efficacy of mepolizumab in patients with evidence of eosinophilic airway inflammation and a 
history of recurrent, severe asthma exacerbations, and again showed around 50% reduction in 
exacerbation frequencies with corresponding decrease in peripheral blood eosinophils.13, 14 In 
another large study among patients requiring oral glucocorticoids for asthma control, treatment 
with subcutaneous mepolizumab at 4 week intervals over 20 weeks allowed for significant 
reduction in steroid dose and a reduced exacerbation rate.15

Besides mepolizumab, two other anti-IL-5 therapies have been developed and are also being 
studied in patients with poorly controlled eosinophilic asthma; reslizumab and benralizumab. 
Two large phase III trials with reslizumab, an IgG4 humanized monoclonal antibody against IL-5, 
showed significant reductions in asthma exacerbations (50% and 60%, respectively) as well as 
improved lung function and asthma control symptoms.118, 119

Benralizumab is a humanized monoclonal antibody against IL-5Rα on eosinophils and is currently 
in phase II trials. Laviolette et al examined the effect of a single 1 mg/kg dose of benralizumab given 
intravenously and demonstrated that the drug was  safe and resulted in significant reductions in 
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airway, bone marrow, and peripheral blood eosinophilia for up to 28 days.120 Larger trials will 
determine if benralizumab has the same clinical benefits as mepolizumab and reslizumab.
 
 
Conclusions
Late onset eosinophilic asthma is a relatively rare, but one of the best defined asthma phenotypes. 
Apart from elevated numbers of eosinophils in sputum and peripheral blood, adults with this 
phenotype can be clinically identified by typical symptoms (few allergies, dyspnea on exertion),  
typical lung function abnormalities (“fixed” airflow obstruction, reduced FVC and increased 
residual volume), typical co-morbidities (chronic rhinosinusitis with nasal polyposis) and a good 
response to systemic corticosteroids. Patients with eosinophilic asthma have a poor quality of 
life and many suffer from frequent severe exacerbations or are oral corticosteroid dependent. 
Fortunately, novel biologicals targeting the eosinophil have now become available and are, for 
the first time, able to control this type of refractory asthma and to become a safe and efficacious 
substitute for oral corticosteroids. With these drugs one of the greatest unmet needs in asthma 
will be eliminated, and a new era of asthma treatment will begin.
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Abstract
Rationale: Adult onset, eosinophilic asthma is increasingly recognized as a severe and difficult-to-
treat subtype of asthma. In clinical practice, early recognition of patients with this asthma subtype 
is important, because this may have treatment implications. Therefore, physicians need to know 
the distinct characteristics of this asthma phenotype.
Objective: To determine the characteristic profile of patients with adult onset, eosinophilic 
asthma.
Measurements and methods: 130 patients with adult (>18 yr) onset asthma and high blood 
eosinophils (≥0.3*109/l) were compared with 361 adult onset asthma patients with low (<0.3*109/l) 
blood eosinophils. Measurements included a series of clinical, functional and imaging parameters.
Main results: Patients with high blood eosinophils were more often male, had less controlled 
asthma and higher exacerbation rates, despite the use of higher doses of inhaled corticosteroids. 
They had higher levels of total IgE without more sensitization to common inhaled allergens. In 
addition, these patients had worse lung function, and more often showed fixed airflow limitation, 
air trapping, nasal polyposis and abnormalities on sinus CT scanning. Chronic rhinosinusitis, 
air trapping and male gender were 3 independent factors associated with blood eosinophilia 
(adjusted OR 3.8 (CI 1.7-8.1), 3.0 (1.1-8.1) and 2.4 (1.3-4.4), respectively. 
Conclusion: Patients with adult onset asthma with elevated blood eosinophils exhibit a distinct 
profile, which can readily be recognized in clinical practice.
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Introduction
Asthma is no longer considered a single disease and different phenotypes with potential underlying 
endotypes have been described over the last two decades1-3. Adult-onset, eosinophilic asthma 
is increasingly recognized as one of the most severe and difficult-to-treat asthma subtypes4-6. 
This asthma subtype is associated with the development of persistent airflow limitation7 and 
risk of severe exacerbations, yet symptoms are relatively mild and atypical8. Therefore, it is 
extremely important to recognize this relatively rare asthma subtype at an early phase of the 
disease. However, at asthma onset, these patients are older than classical atopic asthmatics, with 
relatively mild and atypical respiratory symptoms, and may therefore be easily misdiagnosed as 
having COPD, which requires specific treatment that differs substantially from that of eosinophilic 
asthma.

It is important to examine whether these patients have distinct characteristics that could help the 
treating physician in making the correct diagnosis in clinical practice. This is even more important, 
since novel and very effective treatment options for this specific asthma subtype have recently 
become available9-13. By treating patients at an early stage, prevention of severe exacerbations 
and loss of lung function may then be achieved.

The present study was designed to investigate whether patients with adult onset, eosinophilic 
asthma have a different profile than those with non-eosinophilic asthma, in particular with respect 
to demographics, respiratory allergies, aspirin intolerance, smoking history, co-morbidity (obesity, 
GERD, sino-nasal disease), disease severity and lung function (spirometry, fixed airflow limitation 
and air trapping).

 
Methods
Patients
Four hundred and ninety one patients with adult onset (age ≥ 18 years at diagnosis) asthma 
were consecutively included in the present study, which was part of a comprehensive research 
program aimed at phenotyping and investigating mechanisms of patients with adult onset 
asthma. Patients were recruited between June 2009 and February 2012 from 1 academic and 4 
non-academic pulmonary outpatient clinics in the Netherlands. Patients underwent an extensive 
screening at entry into the study and were divided in those with high (≥ 0.3*109/L) or low (< 0.3*109/
L) levels of blood eosinophils9, 11. All patients were on regular treatment with medium-high dose 
inhaled corticosteroids, with or without oral corticosteroids. Asthma diagnosis was confirmed by 
a documented reversible airway obstruction (improvement in FEV1 ≥ 12% predicted and ≥ 200 
ml after administration of 400 µg salbutamol) or by airway hyperresponsiveness to methacholine 
(reduction of 20%predicted in FEV1 after inhalation of up to 8 mg/ml methacholine). Patients had 
not experienced asthma exacerbations or respiratory tract infections in the four weeks before 
enrolment. Smokers and ex-smokers were allowed to participate in the study if they had distinct 
asthma symptoms, ≥12% reversibility in FEV1 and a normal diffusion capacity of CO (TLco ≥ 80% 
of predicted) at inclusion. Patients with pulmonary diseases other than asthma were excluded. 

3. Clinical profile of patient with adult-onset eosinophilic asthma



Processed on: 30-11-2016Processed on: 30-11-2016Processed on: 30-11-2016Processed on: 30-11-2016

506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot

   

The study was approved by the local medical ethical boards and written informed consent was 
obtained from every patientbefore enrolment. Netherlands Trial Register numbers: NTR1846, 
NTR1838, NTR2217.

Methods and design
All patients underwent one extensive clinical, functional and laboratory assessment during 
one or two visits within one week. Data on demographics, medical history, smoking history, 
BMI and medication use were collected and patients completed the Asthma Quality of Life 
Questionnaire(AQLQ14), the Asthma Control Questionnaire (ACQ15) and the SinoNasal Outcome 
Test (SNOT16). 

Peripheral blood cell counts were measured and expressed as absolute numbers. Atopic status 
was assessed by total and specific IgE to a panel of common aero- and food allergens and fungi. 
Atopy was defined as a score of >0.35 kU/l for at least one of the specific IgE tested. 

Lung function testing included spirometry before and after 400µg inhaled salbutamol17, body 
plethysmography and single breath carbon monoxide diffusion18. Residual volume (RV)/ total 
lung capacity (TLC) (% of predicted) was used as a parameter of air trapping. Airtrapping was 
defined as RV/TLC ≥ 120%predicted. Persistent airway obstruction was defined as forced 
expiratory volume in one second (FEV1)/ forced vital capacity (FVC) <70% after administration of 
400µg salbutamol.   

Airway inflammation was assessed by the level of exhaled nitric oxide (FeNO
19) and cell differentials 

in induced sputum20. A sputum eosinophil count of 3% or more was considered elevated7, 21, 22. 

Sinonasal involvement was assessed by CT-scanning and nasal endoscopy. CT-sinus was analyzed 
and scored by an independent investigator using a validated scoring system23. Scores of 12 and 
higher were considered diagnostic for chronic rhinosinusitis24. Nasal endoscopy was performed 
by an experienced ENT-specialist according to a standard scoring system25 to identify nasal polyps 
and signs of rhinosinusitis. 

Statistical analysis
Non-normally distributed data were log-transformed before initial analysis. Patients with high 
(≥0.3*109/l) and low (<0.3*109/l) blood eosinophils were compared using two-sample t-tests, chi-
square analyses and non-parametric tests, whenever appropriate. Logistic regression analyses 
were performed and odds ratios (OR) for patients with high blood eosinophils versus those 
with low blood eosinophils as a reference group were obtained with one of the clinical factors 
potentially associated with blood eosinophilia as independent at a time in the model. In addition, 
a full multiple logistic regression analysis was applied with all significant factors forced into the 
model. A p-value < 0.05 was considered asstatistically significant. All analyses were performed 
using SPSS software, version 21.
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Table 1: Clinical and inflammatory characteristics of asthma patients with low 
(<0.3*109/L) versus high (≥0.3*109/L) blood eosinophil counts 

 Total group 
n=491 

Blood eo <0.3 
n=361 

Blood eo ≥0.3 
n=130 

p-value 

Male sex, % 39.3 34.9 51.5 0.001 
Age, years* 51.8 ± 13.0 50.9 ± 13.5 54.2 ± 11.4 0.012 
BMI* 28.2 ± 5.1 28.2 ± 5.2 28.3 ± 4.9 0.736 
Age of onset, years* 44.2 ± 14.3 43.7 ± 14.3 45.7 ± 14.1 0.176 
Total packyears# 1 (0-12) 1 (0-13) 2 (0-9) 0.880 
     
Leukocytes, 109/L# 6.9 (5.8-8.5) 6.6 (5.6-8.0) 7.9 (6.3-9.1) <0.001 
Blood neutrophils, 109/L# 4.0 (3.1-5.2) 4.0 (3.0-5.1) 4.1 (3.3-5.4) 0.115 
Blood eosinophils, 109/L# 0.2 (0.1-0.3) 0.1 (0.1-0.2) 0.5 (0.3-0.6) <0.001 
     
FeNO, ppb# 22 (13-41) 18 (12-33) 40 (23-74) <0.001 
Sputum neutrophils, %# 65.9 (43.9-82.4) 70.7 (47.9-84.6) 56.3 (33.3-77.8) 0.002 
Sputum eosinophils, %# 0.8 (0.1-7.3) 0.4 (0-2.0) 11.7 (2.6-37.9) <0.001 
*mean ± SD, #median (interquartile range).  
BMI = body mass index, FeNO = exhaled fraction of nitric oxide, ppb = parts per billion. 
 

3. Clinical profile of patient with adult-onset eosinophilic asthma

Results
One hundred and thirty patients with adult onset asthma hadelevated levels of blood eosinophils. 
Characteristics are shown in Table 1. Seventy five percent of the patients with high blood 
eosinophils, also had elevated sputum eosinophils (≥3%). 

Comparison of patients with high and low blood eosinophils
Differences in clinical and inflammatory characteristics between patients with high versus 
low blood eosinophils are shown in Table 1. Patients with high blood eosinophils, had higher 
percentages of sputum eosinophils, higher levels of FeNO and higher levels of total IgE. Patients 
with low eosinophils were more often female.  

Table 1: Clinical and inflammatory characteristics of asthma patients with low (<0.3*109/L) versus high 
(≥0.3*109/L) blood eosinophil counts 

*mean ± SD, #median (interquartile range).  
*BMI = body mass index, FeNO = exhaled fraction of nitric oxide, ppb = parts per billion.

Features of asthma severity are represented in Table 2. Patients with high blood eosinophils 
had more severe disease, with higher ACQ-scores and higher exacerbation rates, and required 
higher doses of anti-inflammatory medication. Overall, lung function in this group showed 
more abnormalities with lower levels of FEV1, more often fixed airway obstruction and more air 
trapping. 
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Table 3: Co-morbidity in asthma patients with low (<0.3*109/L) versus high (≥0.3*109/L) 
blood eosinophil counts 

 Total group 
n=491 

Blood eo <0.3 
n=361 

Blood eo ≥0.3 
n=130 

p-value 

IgE, kU/L# 59 (19-206) 41 (12-122) 149 (56-289) <0.001 
Atopy, % 30.5 30.2 31.5 0.775 
Fungal sens., % 5.5 5.3% 6.2 0.707 
NSAID intolerance, % 8.8 8.3 10.0 0.559 
GERD, %   36.9 36.8 36.9 0.987 
SNOT score# 28 (0-80) 27 (0-80) 32 (2-75) 0.043 
Nasal endoscopy 
score# 

4 (1-8) 4 (1-8) 5 (1-9) 0.124 

Nasal polyps, % 19.3 14.5 33.8 <0.001 
CT-sinus score 2 (0-7) 1 (0-5) 8 (4-12) <0.001 
 #median (interquartile range), n = number of patients.  
IgE = Immunoglobulin E, Atopy = patients with positive specific IgE to at least one allergen, Fungal 
sens. = patients with specific IgE to fungi, NSAID = non steroidal anti-inflammatory drugs, GERD = 
gastroesophageal reflux disease, SNOT = SinoNasal Outcome Test, Nasal polyps = patients with 
nasal polyps at present nasal endoscopy. 
 

Table 2: Features of asthma severity in patients with low (<0.3*109/L) versus high 
(≥0.3*109/L) blood eosinophil counts 

 Total group 
n=491 

Blood eo <0.3 
n=361 

Blood eo ≥0.3 
n=130 

p-value 

ICS dose, µg flut.eq. 500 (250-750) 500 (250-500) 500 (250-1000) 0.001 
OCS maintenance, %   12.0 8.9 20.8 <0.001 
     
AQLQ# 5.59 (4.88-6.17) 5.66 (4.94-6.22) 5.47 (4.81-5.98) 0.119 
ACQ# 1.3 (0.6-2.0) 1.1 (0.6-1.9) 1.4 (0.8-2.3) 0.020 
Exacerbations, %    <0.001 

0 61.3 66.9 45.7  
1 13.1 11.1 18.6  
2 11.7 10.6 14.7  
≥3 13.9 11.4 20.9  

     
pbFEV1, %pred* 96.6 ± 18.2 98.9 ± 17.3 90.1 ± 19.2 <0.001 
pbFVC, %pred* 108.3 ± 17.2 109.2 ± 17.0 105.7 ± 17.8 0.048 
pbFEV1/FVC, %pred* 92.1 ± 12.7 93.8 ± 12.0 87.2 ± 13.5 <0.001 
Fixed obstruction, % 34.1 28.8 48.8 <0.001 
RV/TLC, %pred* 91.3 ± 19.0 89.4 ± 18.2 96.5 ± 20.4 <0.001 
*mean ± SD, #median (interquartile range).  
ICS = inhaled corticosteroid, µg flut.eq. = µg fluticasone equivalent, OCS = oral corticosteroid,  AQLQ 
= asthma quality of life questionnaire, ACQ = asthma control questionnaire, Exacerbations = number 
of exacerbations in previous year, pb = post bronchodilator, FEV1 = forced expiratory volume in one 
second, %pred = percentage of predicted value, FVC = forced vital capacity, Fixed obstruction = 
patients with FEV1/FVC after salbutamol <70%, RV = residual volume,  TLC = total lung capacity. 
 

Table 2: Features of asthma severity in patients with low (<0.3*109/L) versus high 
(≥0.3*109/L) blood eosinophil counts 

*mean ± SD, #median (interquartile range).  
ICS = inhaled corticosteroid, µg flut.eq. = µg fluticasone equivalent, OCS = oral corticosteroid, AQLQ 
= asthma quality of life questionnaire, ACQ = asthma control questionnaire, Exacerbations = number of 
exacerbations in previous year, pb = post bronchodilator, FEV1 = forced expiratory volume in one second, 
%pred = percentage of predicted value, FVC = forced vital capacity, Fixed obstruction = patients with FEV1/
FVC after salbutamol <70%, RV = residual volume,  TLC = total lung capacity.

Data on co-morbidity are shown in Table 3. In the total group, only 30.5% of the patients was atopic, 
with no difference between the patients with and without eosinophilia. CT-sinus scores were 
higher in the group with high blood eosinophils, representing more evidence of rhinosinusitis. In 
this group 19 patients (27.9%) had an CT-sinus score ≥ 12, as compared to 18 patients (8.2%) in 
the non-eosinophilic group (p<0.001). Nasal polyps were observed twice as often in the patients 
with high blood eosinophil levels. 

Table 3: Co-morbidity in asthma patients with low (<0.3*109/L) versus high (≥0.3*109/L) blood eosinophil counts  

#median (interquartile range), n = number of patients.  
IgE = Immunoglobulin E, Atopy = patients with positive specific IgE to at least one allergen, Fungal sens. = patients 
with specific IgE to fungi, NSAID = non steroidal anti-inflammatory drugs, GERD = gastroesophageal reflux 
disease, SNOT = SinoNasal Outcome Test, Nasal polyps = patients with nasal polyps at present nasal endoscopy. 
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Table 4: Odds ratios for factors potentially associated with high (≥0.3*109/L) blood 
eosinophils. 

 OR 95% CI 
CT sinus score ≥ 12 4.3 2.1-8.9 
RV/TLC ≥ 120%pred 3.1  1.6-6.0 
Nasal polyps 3.0 1.7-5.5 
pb FEV1/FVC <70% 2.4 1.6-3.6 
≥ 2 exacerbations/year 2.0 1.3-3.1 
Male sex 2.0 1.3-3.0 
Age ≥ 50 years 1.4 0.9-2.1 
BMI ≥ 30 1.3 0.8-2.0 
Atopy 1.1  0.7-1.6 
Ex- or current smoker 0.9 0.6-1.4 
CT sinus score according to Lund-Mackay scoring system, RV = residual volume, TLC = total lung 
capacity, %pred = percentage of predicted value, pb = postbronchodilator,FEV1= forced expiratory 
volume in one second, FVC = forced vital capacity,  BMI = body mass index, Atopy = positive specific 
IgE for at least one inhaled allergen. 

 

3. Clinical profile of patient with adult-onset eosinophilic asthma

Factors associated with high blood eosinophils 
The results of the analysis regarding factors possibly associated with high levels of blood 
eosinophils are summarized in Table 4 and Figure 1. Elevated CT sinus score, RV/TLC, nasal polyps, 
fixed airflow obstruction, frequent exacerbations and male gender were all significantly associated 
with blood eosinophilia. For the other factors, no significant increased odds ratios were found. 
When analyzing the 6 significant factors in 1 model, chronic rhinosinusitis (adjusted OR 3.8 (CI 
1.7-8.1)), air trapping (adjusted OR 3.0 (CI 1.1-8.1)) and male gender (adjusted OR 2.4 (CI 1.3-4.4)) 
were the 3 independent factors associated with high blood eosinophils.

Table 4: Odds ratios for factors potentially associated with high (≥0.3*109/L) blood eosinophils. 

CT sinus score according to Lund-Mackay scoring system, RV = residual volume, TLC = total lung capacity, 
%pred = percentage of predicted value, pb = postbronchodilator,FEV1= forced expiratory volume in one 
second, FVC = forced vital capacity,  BMI = body mass index, Atopy = positive specific IgE for at least one 
inhaled allergen. 

Discussion
The present study shows that patients with adult onset eosinophilic asthma exhibit a distinct  
profile that can be recognized in clinical practice: male patients with frequent exacerbations, 
chronic rhinosinusitis with nasal polyposis, persistent airflow limitation and air trapping. (Figure 
1) They also show worse asthma control with higher exacerbation rates and they are more often 
dependent on oral corticosteroids. Patients with persistent eosinophilia are not different from 
those without eosinophilia with respect to age of asthma onset, smoking history, respiratory 
allergies, aspirin intolerance, BMI and GERD.
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Figure 1: The characteristic profile of adult onset eosinophilic asthma 
Prevalence of distinct characteristics are shown for eosinophilic and non-eosinophilic, adult onset 
asthma patients.   
Frequent exacerbations = ≥2 exacerbations/year; Fixed obstruction = FEV1/FVC<70% after 
salbutamol; Air trapping = RV/TLV ≥ 120%predicted;  CT score = Lund-Mackay CT-score. 
 

Figure 1: The characteristic profile of adult onset eosinophilic asthma 
Prevalence of distinct characteristics are shown for eosinophilic and non-eosinophilic, adult onset 
asthma patients.   
Frequent exacerbations = ≥2 exacerbations/year; Fixed obstruction = FEV1/FVC<70% after salbutamol; Air 
trapping = RV/TLV ≥ 120%predicted;  CT score = Lund-Mackay CT-score. 

Our study shows the distinct profile of patients with adult onset, eosinophilic asthma, which differs 
greatly from that of the general adult asthma population, that consists mainly of patients with 
early onset asthma. Most adults with asthma have asthma since childhood, are atopic with typical 
symptoms, are more often female, and have fully reversible airflow limitation. This difference in 
patient characteristics is striking, and it is therefore not surprising that patients with adult onset 
eosinophilic asthma are often not recognized as asthma patients. However, the differentiation 
between patients with eosinophilic asthma and other airway diseases is essential, because they 
need more aggressive or targeted anti-inflammatory treatments. With the distinct profile of 
eosinophilic asthma in mind, it becomes much easier to recognize the asthma subtype and to 
provide the patients with the appropriate therapy.

Hypersensitivity to aspirin was not a characteristic of patients with eosinophilic asthma, as has 
been suggested previously26. In fact, the prevalence of adverse respiratory effects to aspirin was 
very low (less than 10%) and was similar between eosinophilic and non-eosinophilic adult onset 
asthma. However, aspirin sensitivity was not tested with challenge tests, and so it cannot be 
excluded that there might have been a bias as a result of underreporting.
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3. Clinical profile of patient with adult-onset eosinophilic asthma

One could argue that high levels of eosinophils are an expression of non-adherence to inhaled 
corticosteroid therapy. Although this cannot be excluded, it would not explain why patients with 
high blood eosinophil levels have more sinonasal disease, nasal polyposis, fixed airflow limitation 
and air trapping. These differences strongly suggest that  the adult onset eosinophilic asthma is 
indeed a distinct asthma phenotype with probably different underlying mechanisms. Still, poor 
adherence should always be considered before labeling a patient with eosinophilic asthma.

Table 5: Comparison of patients with and without sputum eosinophilia

*mean ± SD, #median (interquartile range).  
BMI = body mass index, IgE = Immunoglobulin E, FeNO = exhaled fraction of nitric oxide, ppb = parts per 
billion, ICS = inhaled corticosteroid, OCS = oral corticosteroid,  AQLQ = asthma quality of life questionnaire, 
ACQ = asthma control questionnaire, Exacerbations = number of exacerbations in previous year, pb = post 
bronchodilator, FEV1 = forced expiratory volume in one second, %pred = percentage of predicted value, FVC 
= forced vital capacity, Persist.obstr. = patients with FEV1/FVC after salbutamol <70%, RV = residual volume,  
TLC = total lung capacity, Atopy = patients with positive specific IgE to at least one allergen, Fungal sens. = 
patients with specific IgE to fungi, NSAID = non steroidal anti-inflammatory drugs, GERD = gastroesophageal 
reflux disease, SNOT = SinoNasal Outcome Test, Nasal polyps = patients with nasal polyps at present nasal 
endoscopy. 

Table 5: Comparison of patients with and without sputum eosinophilia 

 Total 
n=303 

Sputum < 3.0% 
n=195 

Sputum Eo ≥ 3.0% 
n=108 

p 

Male sex, % 43.9 37.4 55.6 0.002 
Age, years* 53.2 ± 12.7 51.6 ± 12.8 56.1 ± 12.0 0.003 
BMI* 28.1 ± 5.0 28.4 ± 5.1 27.4 ± 4.9 0.086 
Total packyears# 1 (1-13) 1 (1-13) 2 (0-13) 0.672 
Leukocytes, 109/L# 7.0 (5.9-8.6) 6.8 (5.6-8.3) 7.3 (6.1-8.9) 0.026 
Blood eosinophils, 109/L# 0.2 (0.1-0.3) 0.1 (0.1-0.2) 0.3 (0.2-0.6) <0.001 
Blood neutrophils, 109/L# 4.1 (3.1-5.3) 4.1 (3.1-5.2) 4.0 (3.1-5.6) 0.426 
IgE, kU/L# 62 (19-226) 41 (11-120) 155 (44-300) <0.001 
FeNO, ppb# 23 (13-47) 17 (12-29) 48 (30-80) <0.001 
Sputum neutrophils, %# 65.9 (43.9-82.4) 72.6 (51.8-86.4) 48.7 (31.8-72.2) <0.001 
Sputum eosinophils, %# 0.8 (0.1-7.3) 0.2 (0-0.7) 12.9 (6.7-39.4) <0.001 
ICS dose, µg flut.eq. 500 (250-750) 500 (250-500) 500 (250-1000) <0.001 
OCS maintenance, % 12.5 5.1 25.9 <0.001 
AQLQ# 5.6 (4.9-6.1) 5.6 (4.8-6.1) 5.6 (5.0-6.2) 0.324 
ACQ# 1.3 (0.7-1.9) 1.3 (0.7-1.8) 1.3 (0.6-2.1) 0.355 
Exacerbations, %    0.001 

0 62.9 71.1 48.1  
1 11.9 8.8 17.6  
2 12.3 10.3 15.7  
≥3 12.9 9.8 18.5  

pbFVC, %pred* 108.2 ± 17.4 107.2 ± 18.1 110.0 ± 16.1 0.181 
pbFEV1, %pred* 96.6 ± 18.0 98.7 ± 16.1 92.7 ± 20.3 0.008 
pbFEV1/FVC, %pred* 91.9 ± 12.6 95.4 ± 10.6 85.5 ± 13.6 <0.001 
Persist. obstr, % 36.6 24.6 58.3 <0.001 
RV/TLC, %pred* 91.2 ± 18.2 89.0 ± 16.3 95.4 ± 20.7 0.007  
Atopy, % 31.4 30.8 32.4 0.768 
Fungal sens., % 6.3 3.1 12.0 0.002 
NSAID intolerance,%  8.3 10.3 4.6 0.088 
GERD, % 38.9 44.6 28.7 0.007 
SNOT score# 28 (16-40) 30 (17-42) 25 (14-39) 0.146 
Nasal endoscopy score# 4 (1-8) 4 (1-7) 6 (1-9) 0.043 
Nasal polyps, % 19.5 11.1 35.4 <0.001 
CT-sinus score 3 (1-7) 2 (0-5) 9 (3-12) <0.001 
*mean ± SD, #median (interquartile range).  
BMI = body mass index, IgE = Immunoglobulin E, FeNO = exhaled fraction of nitric oxide, ppb = parts per billion, 
ICS = inhaled corticosteroid, OCS = oral corticosteroid,  AQLQ = asthma quality of life questionnaire, ACQ = 
asthma control questionnaire, Exacerbations = number of exacerbations in previous year, pb = post 
bronchodilator, FEV1 = forced expiratory volume in one second, %pred = percentage of predicted value, FVC = 
forced vital capacity, Persist.obstr. = patients with FEV1/FVC after salbutamol <70%, RV = residual volume,  TLC 
= total lung capacity, Atopy = patients with positive specific IgE to at least one allergen, Fungal sens. = patients 
with specific IgE to fungi, NSAID = non steroidal anti-inflammatory drugs, GERD = gastroesophageal reflux 
disease, SNOT = SinoNasal Outcome Test, Nasal polyps = patients with nasal polyps at present nasal 
endoscopy. 
 

http://flut.eq/
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We based our phenotypic profile on blood eosinophils rather than sputum eosinophils for two 
reasons. First, sputum induction facilities are not available in most clinics and second, sputum 
induction is unsuccessful in a large proportion of patients. In our study, 62% of the patients had an 
adequate sputum sample. Remarkably, 25% of patients with elevated levels of blood eosinophils 
had normal levels of sputum eosinophils, whilst 20% of patients with normal levels of blood 
eosinophils, had raised levels of sputum eosinophils. Apparently, discrepancies exist between 
blood and sputum eosinophilia within the same patients. The reason for this discrepancy is unclear, 
but might reflect a difference in eosinophil kinetics27 or might result from topical treatment. For 
example, in some patients inhaled corticosteroids might not reach distal airways or nasal sinuses, 
which might contribute to relatively high percentages of eosinophils in sputum. In other patients 
topical corticosteroids might effectively reduce inflammation in the airways, without having any 
effect on systemic inflammation. Despite this discrepancy, the profile of patients in our cohort 
with persistent eosinophilia in blood or sputum were identical (Table 5), indicating that both 
parameters can be used to identify the eosinophilic phenotype.

The cut-off value of 0.3*109/l for blood eosinophils was based on previous studies describing 
patients with eosinophilic asthma11, 28. However, in clinical practice it would be more useful to 
have a ‘safety zone’ of limit values between which the profile is most pronounced. Therefore we 
performed a sensitivity analysis and found similar profiles when using cut-off values between 
0.2*109/l and 0.4*109/l, but below 0.2*109/l the profile became much weaker and lost the 
characteristics of asthma severity. A table comparing 5 categories of increasing eosinophil values 
is provided in the online repository (supplementary table E1).

Our study shows that eosinophilic asthma exhibits many characteristics of a systemic disease, with 
involvement of the entire airway from the nose to the smallest peripheral airways as well as the 
bone marrow. The association between blood-eosinophilia and peripheral airways obstruction 
has not been reported before, but might explain why patients with eosinophilic asthma have 
relatively low asthma symptom scores8. Obstruction of the small airways (“silent zone”) is indeed 
not associated with characteristic asthma attacks with wheezing, but rather with air trapping 
and dynamic hyper inflation. Involvement of peripheral airways makes that this type of asthma 
is difficult to control with local anti-inflammatory agents and that it often requires systemic anti-
inflammatory medication. This might explain why these patients are often oral corticosteroid 
dependent and may also explain the added beneficial effect of the new injectable biologicals in 
patients who already using high doses of inhaled corticosteroids9, 22.

In our patients with eosinophilic asthma, only one third of patients was sensitized to common 
inhaled allergens, a proportion similar to that observed in patients with low blood eosinophils. 
However, most of the non-sensitized patients with eosinophilic asthma had elevated levels of 
total IgE, which might point to hidden allergens, for example sensitizing substances that occur in 
polluted air29 or superantigens against staphylococcus aureus, which have been implicated in the 
pathophysiology of chronic rhinosinusitis with nasal polyposis30, 31. This fits in with our observation 
that patients with high IgE levels (≥100 kU/l) had 6 times higher CT-sinus scores and more than 
twice as often nasal polyps as compared to patients with low IgE levels.  
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3. Clinical profile of patient with adult-onset eosinophilic asthma

How can we put our findings into perspective with respect to the current understanding of 
asthma phenotypes and endotypes? Recent evidence suggests that this phenotype has a distinct 
molecular mechanism apart from allergy, in which the newly identified innate lymphoid cells type 
2 (ILC2) might have a central role in driving eosinophilic inflammation32. ILC2 can be activated in 
an allergen independent way upon stimulation by viruses, fungal allergens and air pollutants33, 
producing high amounts of Type 2 cytokines like IL-5 and IL-13. Thus, a distinct endotypes might 
be driving eosinophilia in this adult onset asthma phenotype.

Our findings are particularly relevant for practicing physicians. On the one hand, physicians 
should be alerted by the combination of frequent exacerbations, chronic sinus symptoms and 
persistent airflow limitation in adults with new-onset respiratory symptoms, in particular in 
patients with no or only limited cigarette exposure, because this might be a manifestation of 
adult onset eosinophilic asthma and should not be diagnosed and treated as COPD. According 
to recent asthma guidelines, these patients might be diagnosed with so called ‘asthma-COPD 
overlap syndrome’ (ACOS). Our data underscore the importance of measuring blood eosinophils 
in these patients. Early recognition of eosinophilic asthma in adults with new onset airway disease 
is important because this asthma phenotype is more difficult to control, requires higher levels of 
anti-inflammatory treatment and is associated with more frequent exacerbations and a poorer 
quality of life than other asthma subtypes. It is important to evaluate for sino-nasal disease and 
peripheral airways involvement in these patients. Polypous sinus disease might require referral to 
an ENT-specialist and sinus surgery, if necessary. Peripheral airways involvement, as reflected by 
increased residual volume and air trapping, is often accompanied by dynamic hyperinflation and 
reduced exercise intolerance. Treatment with extra fine inhaled corticosteroids or systemic anti-
inflammatory agents might be helpful in this case34. 

In conclusion, we have shown that patients with adult onset, eosinophilic asthma exhibit a distinct 
profile of male patients with frequent exacerbations, chronic rhinosinusitis with nasal polyposis, 
persistent airflow limitation and air trapping, which is strikingly different from the characteristics 
of the general adult asthma population. For the clinician, it is important to identify patients with 
this adult asthma phenotype at an early stage, because these patients may require targeted 
treatment to prevent exacerbations and poor asthma outcome.
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3. Clinical profile of patient with adult-onset eosinophilic asthma
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Severe adult-onset asthma: 
a distinct phenotype

4
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Summary
Background: Some patients with adult-onset asthma have severe disease, whereas others have 
mild transient disease. It is currently unknown whether patients with severe adult-onset asthma 
represent a distinct clinical phenotype.
Objective: We sought to investigate whether disease severity in patients with adult-onset asthma 
is associated with specific phenotypic characteristics.
Methods: One hundred seventy-six patients with adult-onset asthma were recruited from 1 
academic and 3 nonacademic outpatient clinics. Severe refractory asthma was defined according 
to international Innovative Medicines Initiative criteria, and mild-to-moderate persistent asthma 
was defined according to Global Initiative for Asthma criteria. Patients were characterized with 
respect to clinical, functional, and inflammatory parameters. Unpaired t tests and χ2 tests were 
used for group comparisons; both univariate and multivariate logistic regression were used to 
determine factors associated with disease severity.
Results: Apart from the expected high symptom scores, poor quality of life, need for high-
intensity treatment, low lung function, and high exacerbation rate, patients with severe adult-
onset asthma were more often nonatopic (52% vs 34%, P = .02) and had more nasal symptoms 
and nasal polyposis (54% vs 27%, P ≤ .001), higher exhaled nitric oxide levels (38 vs 27 ppb, P = 
.02) and blood neutrophil counts (5.3 vs 4.0 109/L, P ≤ .001) and sputum eosinophilia (11.8% vs 
0.8%, P ≤ .001). Multiple logistic regression analysis showed that increased blood neutrophil (odds 
ratio, 10.9; P = .002) and sputum eosinophil (odds ratio, 1.5; P = .005) counts were independently 
associated with severe adult-onset disease.
Conclusion: The majority of patients with severe adult-onset asthma are nonatopic and have 
persistent eosinophilic airway inflammation. This suggests that severe adult-onset asthma has a 
distinct underlying mechanism compared with milder disease.
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4. Severe adult-onset asthma: a distinct phenotype

Introduction
It is now well recognized that asthma is a heterogeneous condition with many different 
subphenotypes 1. Supervised and unsupervised cluster analyses in various asthma populations 
have defined several asthma subphenotypes, and have revealed that age of asthma onset is an 
important characteristic to distinguish these subphenotypes2-4. 

Asthma that starts in childhood has extensively been studied and has been shown to be a 
relatively homogeneous subphenotype, characterized by fully reversible airflow obstruction, Th2-
type airway inflammation and responsiveness to inhaled corticosteroids5, 6. Asthma that starts 
in adulthood has received less attention, but appears to differ from childhood onset asthma in 
many respects. Apart from a large variety in trigger factors associated with asthma onset including 
respiratory infections 7, moulds 8, cigarette smoke9, occupational exposure 10 and environmental 
pollutants 11, there is also a large variability in type of airway inflammation 5, natural course of 
the disease 12 and disease severity 12. Many patients with late onset asthma have mild, transient 
disease 12, whereas others exhibit a progressive course with frequent severe exacerbations and 
rapid loss of lung function 13,14. 

To our knowledge, so far, the clinical and inflammatory characteristics that distinguish patients 
with severe, late onset asthma from those with milder forms have not been studied. This 
distinction is important since it might give new clues for the pathophysiology and early detection 
of the severe late asthma phenotype, which may improve disease outcome by early and targeted 
intervention.  

The aim of the present study was to investigate whether disease severity in patients with late 
onset asthma is associated with specific phenotypic (clinical, functional and inflammatory) 
characteristics. To that end, we first selected patients with severe late onset asthma diagnosed 
according to stringent international criteria 15 and compared their characteristics with those of 
patients with non-severe late onset asthma. Secondly, we identified factors that were significantly 
associated with disease severity.

Methods
Subjects
Subjects with mild to moderate persistent or severe late onset asthma were recruited from 1 
academic and 3 non-academic pulmonary outpatient clinics in the Netherlands. Patients were 
eligible to enter the study if they had a physician’s diagnosis of asthma onset after the age 
of 18, and were stable on asthma medication for at least 4 weeks. Asthma was defined as a 
history of episodic dyspnea and wheezing, with a documented reversibility in FEV1 of at least 
12% of the predicted value or hyperresponsiveness to inhaled methacholine (PC20 < 8.0 mg/
ml) (16), documented in the past 5 years. Severe asthma was defined according to international 
IMI-consensus criteria 15, whereas mild-moderate persistent asthma was defined according to 
GINA guidelines 16. Thus, all patients with severe asthma were symptomatic (ACQ>1.5) or had 
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experienced at least 2 exacerbations in the past 12 months, despite regular treatment with high 
dose inhaled corticosteroids (>1000 ug/dag fluticasone equivalent), and a second controller 
medicine. All patients with mild-moderate persistent asthma were well controlled with a pre-
bronchodilator FEV1 >80% when treated with inhaled corticosteroids (ICS), or had mild persistent 
symptoms (ACQ>1.5) with a pre-bronchodilator FEV1 >60% when treated with a maximal 
500ug fluticasone equivalent per day. Patients were excluded if they had any other pulmonary 
diseases (including COPD), a childhood diagnosis of asthma, chronic bronchitis, dyspnea attacks 
(spontaneous or during exercise) or use of pulmonary medication during childhood. Current and 
ex-smoking (>10 packyears) was allowed provided that the patient had at least 12% improvement 
in FEV1%predicted after inhalation of 400 mcg of salbutamol and a normal diffusion capacity at 
the time of inclusion. The present study was approved by the hospital Medical Ethics Board (MEC 
08/358; NTR number 1838) and all patients provided written informed consent. 

Study Design
In this cross-sectional multicenter study all patients were fully assessed during one visit. With the 
exception of a methacholine challenge test, which was performed during a second visit within 
30 days. However, this could not be measured in 80% of the patients with severe disease, either 
because of safety reasons, or because international standards could not be met 17. Therefore 
methacholine challenge tests were not interpreted in the present study.

Patients fulfilled questionnaires that assessed demographic data, medical history and medication 
use, as well as the Asthma Control Questionnaire (ACQ) 18, the Asthma Quality of Life Questionnaire 
(AQLQ) 19 and the Sino-Nasal Outcome Test-22 (SNOT-22) 20. Physiologic testing of lung function 
included pre- and postbronchodilator spirometry, carbon monoxide diffusion capacity, body 
plethysmography and, if possible, bronchial hyperresponsiveness to methacholine 17;21-23. Atopic 
status was assessed by specific and total IgE using a panel of common aero- and food allergens 
(house dust mite, grass and birch pollen, herbs, molds and cat and dog dander, milk, soy, cod, 
peanut, ovalbumin and wheat) by ImmunoCAP. Atopy was defined as a score of > 0.35 kU/L 
for at least one of the specific IgE. Inflammatory status was assessed by exhaled nitric oxide 24, 
assessment of blood neutrophils, blood eosinophils and induced sputum cell differentials 25.26. 

Variables
Age of asthma onset was defined as the age at which a physician had diagnosed asthma for the 
first time and asthma duration was calculated as the number of years since diagnosis. One pack 
year of cigarette smoking was defined as smoking 20 cigarettes a day for a one year. Patients 
had a positive history of nasal polyposis if it was diagnosed by an ENT-specialist and treated 
accordingly. Chronic use of oral corticosteroids (OCS) was defined as the daily use of OCS in the 
previous 3 months. The number of exacerbations was defined as the amount of prednisone 
bursts needed to control increased asthma symptoms in the past 12 months. Lastly, to allow 
inclusion of (ex)smoking asthmatics as well as asthmatics with “fixed’ airflow limitation, we only 
excluded patient with “pure” COPD,  defined as patients with a smoking history of >10 packyears 
with persistent airflow obstruction (FEV1/FVC <0.7) and less than 12% improvement in FEV1 after 
400 mcg of inhaled salbutamol .
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Table 1: Patient Characteristics 
 Mild-moderate persistent 

n=98 
Severe  
n=78 

p-value 

Age (yr)* 53.6 (11.4) 54.4 (9.8) 0.6 
Gender (% female) 59.2 61.5 0.7 
Age of onset* 41.8 (13.8) 40.2 (11.9) 0.4 
Asthma duration† 9 (3-18.5) 10 (5-21) 0.07 
Race caucasian (%) 82.7 87.2 0.4 
(ex)smoker (%) 33.7 47.4 0.08 
Packyears† 0 (0-4.5) 0 (0-7.6) 0.3 
Total IgE Ku/L† 77.5 (26.3-277) 112 (51.7-325) 0.1 
Atopy (positve RAST) (%) 52 34.6 0.02 
IgE against Aspergillus spp (%) 10 9 0.7 
Family history of atopy (%) 36.6 27.6 0.2 
Family history of asthma (%) 34.4 38.2 0.6 
BMI (kg/m2)† 27.3 (24.5-29.9) 28.6 (24.8-31.6) 0.2 
Nasal polyposis (%) 26.5 53.8 <0.001 
History of NSAID sensitivity(%)  11.2 16.7 0.4 
SNOT-score* 1.15 (0.76) 1.4 (0.86) 0.02 
Use of nasal corticosteroids (%) 45 74.4 <0.001 
† Median (interquartile range) * Mean (SD) 

 

4. Severe adult-onset asthma: a distinct phenotype

Statistical analysis
Non-normally distributed data were log transformed before initial analysis. For comparison 
between groups X2-tests were used for proportions and unpaired t-tests for normally distributed 
variables. Factors associated with severe asthma were assessed by univariate and multivariate 
logistic regression analyses, with age, gender and asthma duration as co-variate. All analyses were 
performed using SPSS version 20.0 (SPSS, Inc., Chicago, IL) or GraphPad Prism 5.0. P-values <0.05 
were considered statistically significant.

 
Results
A total of 200 patients with late onset asthma were selected of which 78 patients had severe 
asthma according to the international consensus criteria 15 and 98 had mild-moderate persistent 
asthma according to the GINA guidelines (table 1). Therefore a total 176 participated in the study.  
More than half of the patients with severe asthma (59%) used oral corticosteroids on a daily basis, 
and 11.5% were on anti-IgE treatment.

Differences between patients with severe and mild-moderate asthma 
As expected, patients with severe asthma consulted their treating physician more often, paid 
more visits to the ER, were more often hospitalized, and more often admitted to ICU than patients 
with mild-moderate asthma (Table 2). 

Table 1: Patient Characteristics 

†Median (interquartile range) *Mean (SD) 
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Table 2: Symptoms, medication use and health care utilisation 

 Mild-moderate persistent 
n=98 

Severe  
n=78 

p-value 

ACQ-score* 1.17 (0.94) 1.91 (0.98) <0.001 
AQLQ-score* 5.4 (1.28) 4.8 (1.15) 0.002 
Dose ICS, (fluticason eq.) † 500 (250-500) 1000 (1000-1500) <0.001 
OCS (%) 0 59 <0.001 
Anti-IgE (%) 0 11.5 0.001 
Exacerbations (%) 

0 
1-2 
>3 

 
70 
18 
12 

 
17 
32 
51 

<0.001 

Doctors visits (%) 
0 
1-2 
>3 

 
14 
65 
21 

 
0 
22 
78 

<0.001 

ED-visits (%) 
0 
1-2 
>3 

 
90 
8 
2 

 
75 
17 
8 

0.04 

Hospitalisations (%) 
0 
1-2 
>3 

 
93 
5 
2 

 
74 
22 
4 

0.003 

ICU-admissions (%) 
0 
1-2 
>3 

 
99 
1 
0 

 
86 
10 
1 

0.01 

† Median (interquartile range) * Mean (SD) 
ACQ, asthma control questionnaire; AQLQ, asthma quality of life questionnaire; ICS, inhaled 
corticosteroids; OCS, oral corticosteroids; ED, emergency department; ICU, intensive care unit. 

Exacerbations, doctors visits, ED-visits, hospitalisations are defined as the number of events in the 
past 12 months. ICU-admission are the number of admissions ever on the ICU. 

 

Demographic characteristics, smoking, atopy and co-morbidities
As compared to the patients with milder disease, patients with severe late onset asthma did not 
differ with respect to age, age of asthma onset, or asthma duration. Also the female/male ratio 
was not different between patients with severe and mild-moderate asthma. However, patients 
with severe late onset asthma were less often sensitized to common allergens (52 vs. 34%), had 
more nasal symptoms (higher SNOT score) and had more often a history of nasal polyposis (54 vs. 
27%), (Table 1; fig. 1). 

Table 2: Symptoms, medication use and health care utilisation

†Median (interquartile range) *Mean (SD) 
ACQ, asthma control questionnaire; AQLQ, asthma quality of life questionnaire; ICS, inhaled corticosteroids; 
OCS, oral corticosteroids; ED, emergency department; ICU, intensive care unit. Exacerbations, doctors visits, 
ED-visits, hospitalisations are defined as the number of events in the past 12 months. ICU-admission are the 
number of admissions ever on the ICU. 
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Figure 1. Age, gender, asthma duration, prevalence of nasal polyposis and atopy in patients 
with severe adult-onset asthma and mild-moderate persistent adult-onset asthma.  

*: p<0.05 

 

Table 4: Inflammatory markers 
 Mild-moderate persistent 

n=98 
Severe  
n=78 

p-value 

Blood eosinophils,109/l† 0.18 (0.09-0.31) 0.25 (0.14-0.5) 0.05 
Blood neutrophils,109/l† 4 (3.1-4.9) 5.3 (3.9-6.8) <0.001 
FeNO (ppb)† 27 (16-50) 38 (19-73) 0.02 
Sputum eosinophils %† (n=110) 0.8 (0.1-7.1) 11.6 (1.5-33.4) <0.001 
Sputum neutrophils %† (n=110) 73.5 (46.7-84.9) 67.2 (37.9-83.2) 0.9 

† Median (interquartile range) 
FeNO, Fractional exhaled Nitric Oxide 

 

4. Severe adult-onset asthma: a distinct phenotype

Figure 1. Age, gender, asthma duration, prevalence of nasal polyposis and atopy in patients with severe 
adult-onset asthma and mild-moderate persistent adult-onset asthma.  
*: p<0.05 

Pulmonary function  
Postbronchodilator (pb) FEV1 and pbFEV1/FVC ratio were lower in patients with severe late onset 
asthma than in mild-moderate asthma (82.4% vs. 97.3% and 80.4% vs. 93.5%, respectively). 
Postbronchodilator RV/TLC ratio was higher in patients with severe asthma (98.6% vs 88.1%), 
suggestive of relatively more air trapping (Table 3). 

Table 3: Lung function parameters 

* Mean (SD) 
pb, postbronchodilator; FVC, Forced Vital Capacity; FEV1, Forced Expiratory Volume in one second; RV, Rest 
Volume; TLC, total Lung Capacity; KCO,  Transfer coefficient expressing carbon monoxide diffusing capacity 

Table 4: Inflammatory markers 

†Median (interquartile range). FeNO, Fractional exhaled Nitric Oxide

Table 3: Lung function parameters 

 Mild-moderate persistent 
n=98 

Severe  
n=78 

p-value 

pbFVC,% pred* 107.2 (15.9) 104.2 (19.2) 0.3 
pbFEV1,% pred* 97.3 (18) 82.4 (20.6) <0.001 
pbFEV1/FVC ratio %pred* 93.5 (13.1) 80.4 (16) <0.001 
pbRV/TLC, ratio %pred* 88.1 (15.8) 98.6 (21.8) 0.001 
KCO, %pred* 99.6 (15.1) 102.4 (15.8) 0.3 

* Mean (SD) 
pb, postbronchodilator; FVC, Forced Vital Capacity; FEV1, Forced Expiratory Volume in one second; 
RV, Rest Volume; TLC, total Lung Capacity; KCO,  Transfer coefficient expressing carbon monoxide 
diffusing capacity 
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Figure 2. Percentage of sputum eosinophils and neutrophils in patients with severe and mild-
moderate persistent adult-onset asthma.  

*: p<0.05 

 

Patients with severe asthma showed more evidence of systemic inflammation, given the higher 
levels of blood eosinophils as compared to patients with milder disease (table 4). With respect 
to markers of airway inflammation patients with severe asthma had higher levels of sputum 
eosinophilia (median 11.6% vs. 0.8% resp. p<0.001) as compared to patients with mild to moderate 
asthma (fig. 2). With respect to sputum neutrophils, no significant differences were found (73.5% 
vs. 67.2% respectively, p=0.9).   

Figure 2. Percentage of sputum eosinophils and neutrophils in patients with severe and mild- moderate 
persistent adult-onset asthma.  
*: p<0.05 

Factors associated with asthma severity
When looking for factors associated with severe asthma, univariate logistic regression analyses 
showed significant associations between severe asthma and absence of atopy (OR=2.0, p=0.02), 
nasal polyposis (OR=3.2, p<0.001), blood neutrophils (OR=7.6, p<0.001), exhaled nitric oxide 
(OR=1.5, p=0.02) and sputum eosinophils (OR=1.4, p<0.001) (Table 5). 

When forcing all significantly associated variables into one model with age, gender and asthma 
duration as co-variates, multiple logistic regression analysis showed blood neutrophils (B=2.4, 
p=0.002, OR=10.9, 95%CI 2.4-51.0) and sputum eosinophils (B=0.4, p=0.005, OR=1.5 95%CI 1.12-
1.9) to be independently associated with severe late onset asthma and an almost significant trend 
was found for nasal polyposis (B=1.12, p=0.05, OR=3.0, 95%CI 0.98-9.6). 

 
 



Processed on: 30-11-2016Processed on: 30-11-2016Processed on: 30-11-2016Processed on: 30-11-2016

506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot

1  

Table 5: Odds ratio’s for factors potentially associated with severe late onset asthma.  
 OR 95%-CI p-value 
  Lower Upper  
Blood neutrophils 7.6 2.9 19.8 <0.01  
Nasal polyposis 3.2 1.7 6.1 <0.01 
Absence of atopy 2.0 1.1 3.8 0.02 
FeNO (ppb) 1.5 1.1 2.2 0.02 
Sputum eosinophils 1.4 1.2 1.7 <0.01 
Blood eosinophils 1.3 0.98 1.8 0.06 
Positive smoking history 1.8 0.96 3.3 0.07 
Asthma duration 1.3 0.97 1.8 0.08 
Familial asthma 1.2 0.62 2.2 0.6 
Gender 1.1 0.6 2.0 0.8 
Age of asthma onset 1.0 0.98 1.0 0.4 
Age 1.0 0.98 1.0 0.6 
BMI 1.0 0.98 1.1 0.3 
Sputum neutrophils 1.0 0.62 1.6 0.9 
IgE against food 0.9 0.27 2.9 0.8 
Aspergillus 0.9 0.31 2.4 0.8 
Race 0.7 0.3 1.6 0.4 
Familial atopy 0.6 0.34 1.3 0.2 
Odds ratio’s from the univariate regression analyses.  
OR, Odds Ratio; CI, Confidence Interval; FeNO, Fractional exhaled Nitric Oxide; BMI, Body mass 
index. 
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Table 5: Odds ratio’s for factors potentially associated with severe late onset asthma.

Odds ratio’s from the univariate regression analyses.  
OR, Odds Ratio; CI, Confidence Interval; FeNO, Fractional exhaled Nitric Oxide; BMI, Body mass index. 

Discussion
This study shows that adults with severe asthma that started in adulthood are mostly non-atopic, 
have persistent eosinophilic airway inflammation and higher blood neutrophils. As compared to 
patients with mild late onset asthma they had more nasal symptoms and nasal polyposis, increased 
exhaled nitric oxide levels, higher blood neutrophils and sputum eosinophilia despite treatment. 
Gender, age of asthma onset, asthma duration, body mass index and sputum neutrophil counts 
were similar in patients with severe and non-severe disease. These results suggest that severe late 
onset asthma has a different underlying pathophysiological mechanism as compared to milder 
forms of late onset asthma, and may require a different therapeutic strategy.

The present study focused exclusively on patients with late onset asthma and showed that severe 
disease in these patients is associated with active airway inflammation that extends from the 
nose and sinuses to the peripheral airways. Moreover, elevated eosinophil counts in peripheral 
blood point towards a systemic component of the inflammatory process. This contrasts with 
patients with mild late onset asthma, and extends a previous study showing that, compared 
to patients with early onset asthma, those with severe late onset asthma had higher numbers 
of airway eosinophils and were less often sensitized to aeroallergens 28. Our data fit in with the 
observation that amongst patients with difficult-to-control asthma persistent sputum eosinophilia 
was associated with late onset disease, absence of atopy, extensive sinus disease, and persistent 
airflow limitation 29. Similarly, a cluster analysis in asthma patients referred to secondary care, 
revealed a cluster of severe eosinophilic asthmatics who had more often late onset of their 
disease 2. Together, these data point towards a distinct adult late onset severe asthma phenotype, 
characterized by absence of allergic sensitization, presence of nasal polyposis and high eosinophil 
counts in blood and sputum. 
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In the present study we found more females than males with late onset asthma, however female 
gender was not related to disease severity. This is in contrast with other studies comparing mild 
and severe asthma in general, showing more severe disease in females 30,31. Perhaps, hormonal 
factors are involved in the susceptibility of developing asthma in adulthood, but not in developing 
more severe disease 32.

We did not observe a difference in sputum neutrophils between mild-moderate and severe late 
onset asthma. This also contrasts with severe asthma in general, in which sputum neutrophilia 
is often associated with more severe disease 30,33. This implies that sputum neutrophilia might 
be a characteristic of all late onset asthma, related to the trigger that initiated asthma in the first 
place, such as occupational sensitizers 34, viruses 7, atypical bacteria 35 or fungi 36. Neutrophilia in 
peripheral blood did show an association with more severe late onset asthma, which, together 
with blood eosinophilia reflects the systemic nature of the disease. 

Patients with severe late onset asthma were not different from those with non-severe asthma 
with respect to body mass index (BMI). This is surprising, since a high BMI is increasingly associated 
with onset of asthma in adulthood and also with more severe asthma 3,37,38. One explanation 
might be that non-asthmatic obese adults might gradually develop (mild) asthma due to the 
pro-inflammatory effects of adipose tissue 39, whereas patients with severe disease might become 
obese as a consequence of the use of oral corticosteroids. Thus, a high BMI might be associated 
with mild as well as severe asthma, via different mechanisms.

The strength of our study lies in the criteria we used to define severe asthma. This definition 
was based on international consensus that was obtained amongst experts in severe asthma 
from tertiary referral centres, academia, patient organisations and pharmaceutical industry 15. The 
definition was based on symptoms of uncontrolled asthma despite the correct and regular use of 
high doses of inhaled or chronic oral corticosteroids combined with long-acting bronchodilators 
and other controllers. By using these stringent criteria of asthma severity in patients with late 
onset disease, we identified a rather homogeneous phenotype of patients with persistent 
eosinophilic upper and lower airways inflammation. This illustrates that using a strict definition 
of severe asthma helps in identifying the category of patients that is resistant to current asthma 
therapy and requires novel anti-inflammatory biologicals.

In conclusion, we showed that patients with severe late onset asthma have predominately non-
atopic eosinophilic airway inflammation with nasal polyposis as compared to patients with mild-
moderate persistent disease. In addition, increased sputum eosinophils and blood neutrophils 
are independently associated with more severe disease, irrespective of age, gender and asthma 
duration. These results suggest that severe late onset asthma represents a specific phenotype 
with different underlying pathophysiology as compared to milder disease, but also as compared 
to severe asthma in general. The next step in research should include prospective follow-up 
studies with a focus on causative mechanisms and early predictors of severe late onset disease in 
order to, eventually, prevent the development of severe asthma in adulthood. 
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Abstract
Rationale: Asthma with persistent eosinophilic airway inflammation despite anti-inflammatory 
therapy is a well recognized asthma subphenotype. Eosinophilic asthma is associated with 
recurrent exacerbations, but the underlying mechanism is not known. Objectives: To identify 
clinical, functional or inflammatory markers associated with frequent severe exacerbations in 
patients with late onset, eosinophilic asthma.
Methods: Patients with late onset (≥18years) asthma with sputum eosinophilia (≥3%) despite 
inhaled or oral corticosteroids underwent complete clinical, functional and inflammatory 
assessment. Patients with high (≥2/year) and low (<2/year) exacerbation rates were compared 
and the association between exacerbation rate and several indicators of inflammation (blood 
eosinophils, sputum eosinophils, exhaled nitric oxide (FeNO)), central and peripheral airway ab
normalities(spirometry, body plethysmography) and sinonasal involvement (sinonasal outcome 
test, CT-sinus, nasal endoscopy) was assessed. 
Measurements and Main Results: A total of 110 patients was enrolled. Patients with high 
exacerbation rates had more airway obstruction, more air trapping and more abnormalities at 
nasal endoscopy, despite higher doses of inhaled and oral corticosteroids. Multiple regression 
analysis showed that RV/TLC (B=0.280, p=0.048) and CT-sinus-score (B=0.295, p=0.050) were 
independently associated with exacerbation frequency. Logistic regression analyses revealed an 
increased risk of frequent exacerbations for FeNO  ≥50ppb (OR 4.7, 95% confidence interval (CI) 
1.9-11.6)  and RV/TLC ≥120%predicted (OR 5.4, 95% CI 1.7-17.0). 
Conclusions: Sinonasal disease and air trapping are independently associated with frequent 
exacerbations in late onset, eosinophilic asthma patients. This suggests that upper and distal 
airways disease are important in the development of exacerbations in these patients, which may 
have implications for treatment. 
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5. Risk factors for frequent severe exacerbations in late-onset eosinophilic asthma

Introduction
It is now widely recognized that asthma is a heterogeneous disease, consisting of several subtypes 
with more or less well defined clinical, physiological and inflammatory characteristics. The most 
prominent subtype that has emerged in recent years is the eosinophilic phenotype, characterized 
by eosinophilic airway inflammation despite extensive treatment 1, 2. Eosinophilic asthma is 
associated with late onset of disease 1, 3, sinonasal involvement4 and reduced lung function 3, 5. 

A proportion of patients with eosinophilic asthma suffers from frequent exacerbations 1. Recurrent 
asthma exacerbations are a serious problem and responsible for considerable morbidity and a 
substantial proportion of the costs of asthma care 6. Currently, it is not known which patients 
with eosinophilic asthma are prone to experiencing frequent exacerbations and whether these 
patients have identifiable risk factors requiring specific management strategies or treatment. 
Therefore, the aim of the present study was to identify clinical, functional or inflammatory markers 
associated with frequent severe exacerbations in patients with late onset, eosinophilic asthma.

 
Methods
Patients
Patients with late onset asthma (age at diagnosis ≥ 18 years) consecutively included in three 
separate observational clinical trials (Netherlands Trial Register numbers: NTR1846, NTR1838, 
NTR2217) 7, 8, were combined into one cohort. These prospective trials aimed at phenotyping 
patients with late onset  and/or non-atopic asthma, based on an extensive set of clinical, 
functional and inflammatory parameters. In the present study, patients with late onset asthma 
and sputum eosinophilia (≥3%9) despite the use of standard asthma medication according to 
international guidelines 10 were included. The patients were recruited from 1 academic and 4 non-
academic pulmonary outpatient clinics in the Netherlands. Asthma diagnosis was confirmed by 
a documented reversible airway obstruction (improvement in FEV1 ≥ 12% predicted and ≥ 200 
ml after administration of 400 µg salbutamol) or by airway hyperresponsiveness to methacholine 
(reduction of 20% predicted in FEV1 after inhalation of up to 8 mg/ml methacholine). Patients 
had not experienced exacerbations or acute respiratory tract infections in the four weeks before 
enrolment. Smokers and ex-smokers were allowed to participate in the study, provided that 
they had at least 12% reversibility in FEV1 and a normal diffusion capacity of CO (TLco ≥ 80% 
of predicted) at time of inclusion. Patients were not allowed to participate if they had known 
pulmonary co-morbidities. The study was approved by the local medical ethical boards and 
written informed consent was obtained from every patient.

Methods and design
Patients underwent a complete clinical, functional and laboratory assessment during one or two 
visits within one week. They completed questionnaires collecting data on demographics, medical 
history and medication use, as well as the Asthma Quality of Life Questionnaire (AQLQ, range 
1-711), Asthma Control Questionnaire (ACQ, range 0-612) andSino-Nasal Outcome Test (SNOT, 
range 0-11013). 
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Atopic status was assessed by total and specific IgE to a panel of common aero- and food allergens 
and fungi. Atopy was defined as a score of >0.35 kU/l for at least one of the specific IgE tested. 

Pulmonary function testing included pre- and postbronchodilator spirometry FEV1 and FVC 14 
and Body Plethysmography. RV/TLC (% of predicted) was used as a parameter of air trapping. 
Persistent airway obstruction was defined as FEV1/FVC<70% of predicted, after administration of 
400µg salbutamol.  

Inflammatory status was assessed by exhaled nitric oxide (FeNO) (Niox Mino, Accuramed, 
Nossegem, The Netherlands) 15, assessment of blood eosinophils and induced sputum 16.

The paranasal sinuses were assessed by standardized CT-scanning and analyzed and scored by 
an independent physician according to a validated scoring system 17. Lund-Mackay-scores of 6 
and higher were considered abnormal 18. Nasal endoscopy was performed by an experienced 
ENT-specialist according to a standard scoring system 19 to identify nasal polyps and signs of 
rhinosinusitis. 

Statistical analysis
Non-normally distributed data were log-transformed before initial analysis. The number of 
exacerbations was defined as the amount of prednisone bursts or episodes with doubling OCS 
maintenance dose needed to control increased asthma symptoms in the past 12 months. First, 
patients with high(≥2/year) and low (0-1/year) exacerbation rates were compared using two-
sample t-tests, Chi-square analyses and non-parametric tests, whenever appropriate. Factors 
potentially associated with the number of exacerbations were first assessed by Spearman rank 
correlation coefficients and significant factors were further explored in a multivariate linear 
regression analysis, with age and gender as co-variate. As potentially associated factors we 
included parameters of eosinophilic inflammation (blood eosinophils, sputum eosinophils and 
FeNO), lung function (pbFVC, pbFEV1/FVC, RV/TLC) and sinonasal involvement (CTsinus score and 
nasal endoscopy score). Finally, Odds ratios (OR) for patients with ≥2 exacerbations versus those 
with exacerbations <2 as a reference group were obtained by logistic regression analyses with 
one of the following factors as independent at a time in the model, corrected for age and gender: 
peripheral blood eosinophil count ≥0.3*10 9/l vs <0.3.10 9/l20, Fe≥50 ppb vs<50 ppb 21, RV/TLC 
≥120% vs <120% of predicted value, presence vs absence of nasal polyps and CTsinus score ≥6 
vs<6 18. A p-value < 0.05 was considered as statisticallysignificant. All analyses were performed 
using SPSS software, version 21.

 
Results
Five hundred and two patients with late onset asthma using medium-high doses of ICS were 
analyzed. Three hundred and six patients had a successful sputum induction and of these patients 
110 subjects had sputum eosinophils ≥3% and were thus eligible for analysis. The characteristics 
of these patients are represented in Table 1. Of these 110 patients with sputum eosinophilia, 38 
patients had frequent (≥2/year) exacerbations.
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Table 1: Characteristics of patients with low (<2/year) and high (≥2/year) exacerbation rate. 

  Total Group 
n=110 

Low 
exacerbation-

rate (≤1/yr) 
n=72 

High 
exacerbation-

rate (≥2/yr) 
n=38 

P-value 

Demographic     
 Male sex, n (%) 61 (55.2) 41 (56.9) 20 (52.6) 0.665 
 Age, years* 56.1 ± 12.0 56.3 ± 12.1 55.6 ± 11.9 0.772 
 Asthma duration, years# 5.0 (1-14) 5.0 (1-14) 7.0 (2-14) 0.321 
 BMI* 27.4 ± 5.0 27.0 ± 4.9 28.3 ± 5.0 0.175 
 Smoking history (packyears)# 1.0 (0-12) 2.0 (0-15) 0.5 (0-8) 0.222 
 Atopy, n (%) 35 (31.8) 22 (30.6) 13 (34.2) 0.696 
Asthma medication and control     
 ICSdose, µg# 500 (250-

1000) 
500 (250-750) 750 (500-1000) 0.001 

 OCSdose, mg/day# 0 (0-2.5) 0 (0-0) 0 (0-7.5) 0.001 
 AQLQ score# 5.6 (5.0-6.2) 5.8 (5.3-6.3) 5.3 (4.3-5.9) <0.001 
 ACQ6 score# 1.1 (0.7-1.8) 1.0 (0.4-1.5) 1.7 (1.0-2.3) <0.001 
Inflammation     
 Blood eosinophils, *109/L# 0.3 (0.2-0.6) 0.3 (0.2-0.5) 0.4 (0.2-0.7) 0.079 
 IgE, kU/L# 147 (41-299) 124 (32-297) 183 (63-332) 0.285 
 FeNO, ppb# 48 (29-79) 39 (26-70) 69 (35-94) 0.015 
 Sputum Neutrophils, %# 50.0 (32.8-

73.9) 
47.4 (26.4-69.5) 58.9 (36.8-79.5) 0.100 

 Sputum Eosinophils, %# 12.9 (6.6-
37.5) 

11.8 (6.3-36.3) 18.1 (8.7-39.6) 0.288 

Airway obstruction and airtrapping     
 pbFEV1, %pred* 92.2 ± 20.6 97.9 ± 18.5 81.3 ± 20.2 <0.001 
 pbFEV1/FVC, %pred* 85.2 ± 14.0 88.6 ± 12.8 78.7 ± 14.2 <0.001 
 pbFVC, %pred* 109.7 ± 16.1 113.5 ± 14.8 102.7 ± 16.3 0.001 
 RV/TLC, %pred* 95.5 ± 20.5 91.4 ± 18.6 103.2 ± 21.8 0.004 
Nasal sinus     
 SNOT score# 25 (14-39) 25 (14-36) 28 (12-42) 0.440 
 CTscore# 9 (3-12) 8 (2-12) 10 (7-14) 0.190 
 Endoscopy score# 6 (1-9) 5 (0-8) 7 (4-12) 0.035 
 Nasal polyps, n (%) 23 (35.4) 16 (36.4) 7 (33.3) 0.811 
*mean ± SD, #median (interquartile range), n = number of patients. Sputum cells expressed as 
percentage of non-squamous cells. 
 ICS = inhaled corticosteroid, OCS = oral corticosteroid,  AQLQ = asthma quality of life questionnaire, 
ACQ6 = 6-item  asthma control questionnaire, IgE = Immunoglobulin E, FeNO = exhaled fraction of 
nitric oxide, ppb = parts per billion, pb = post bronchodilator, FVC = forced vital capacity, %pred = 
percentage of predicted value, FEV1 = forced expiratory volume in one second, RV = residual volume, 
TLC = total lung capacity, SNOT = sinonasal outcome test. 

5. Risk factors for frequent severe exacerbations in late-onset eosinophilic asthma

Table 1: Characteristics of patients with low (<2/year) and high (≥2/year) exacerbation rate. 

*mean ± SD, #median (interquartile range), n = number of patients. Sputum cells expressed as 
percentage of non-squamous cells. 
 ICS = inhaled corticosteroid, OCS = oral corticosteroid,  AQLQ = asthma quality of life questionnaire, ACQ6 
= 6-item  asthma control questionnaire, IgE = Immunoglobulin E, FeNO = exhaled fraction of nitric oxide, ppb 
= parts per billion, pb = post bronchodilator, FVC = forced vital capacity, %pred = percentage of predicted 
value, FEV1 = forced expiratory volume in one second, RV = residual volume, TLC = total lung capacity, SNOT 
= sinonasal outcome test. 

Comparison between patients with a low versus a high exacerbation rate
Characteristics of patients with high and low asthma exacerbation rates are given in Table 1. 
Patients with a high exacerbation rate used higher doses of inhaled and oral corticosteroids, 
while their asthma was less well controlled as compared to patients with low exacerbation rate. 
Seventy four percent of these patients had a persistent airway obstruction versus 51% in the low 
exacerbation group (p=0.024). Additionally, RV/TLC was significantly higher in patients with a 
high exacerbation rate and they had more abnormalities at nasal endoscopy, higher levels of FeNO 
and a trend towardshigher blood eosinophils.
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Table 2: Correlations between number of exacerbations and inflammatory, pulmonary 
function and sinonasal parameters 

  r p-value 
Eosinophilic inflammation   
 Blood eosinophils, *109/L# 0.213 0.027 
 FeNO, ppb 0.216 0.024 
 Sputum eosinophils, % 0.222 0.020 
Airway obstruction and airtrapping   
 pbFEV1/FVC, %pred -0.346 <0.001 
 pbFVC, %pred -0.318 0.001 
 RV/TLC, %pred 0.258 0.008 
Nasal sinus   
 SNOT 0.107 0.272 
 Nasal endoscopie score 0.253 0.043 
 CT-sinus score 0.332 0.017 
r = correlation coefficient. 
FeNO = exhaled fraction of nitric oxide, ppb = parts per billion,  pb = post bronchodilator, FEV1 = forced 
expiratory volume in one second , FVC = forced vital capacity, %pred = percentage of predicted value, 
RV = residual volume, TLC = total lung capacity, SNOT = sinonasal outcome test. 
 

Table 3: Odds ratios for factors potentially associated with frequent exacerbations in 
adult-onset, eosinophilic asthma 

 OR 95% CI 
RV/TLC ≥ 120%predicted 5.4 1.7-17.0 
CT-sinus score ≥ 6 5.2 0.8-34.1 
FeNO ≥ 50 ppb 4.7 1.9-11.6 
Blood Eosinophils ≥ 0.3*109/L  1.9 0.8-4.4 
Nasal polyps 1.1 0.3-3.5 
Odds ratios are shown for ≥2 exacerbations versus exacerbations<2.  
OR = odds ratio, CI = confidence interval, FeNO = exhaled fraction of nitric oxide, ppb = parts per 
billion.  
 

Association between exacerbation rate and related characteristics
Asthma exacerbation rate was significantly associated with several clinical, functional and 
inflammatory characteristics (Table 2). Multiple regression analysis including all significantly 
related factors (blood eosinophils, sputum eosinophils, FeNO, pbFVC, pbFEV1/FVC, RV/TLC, CT-
score and nasal endoscopy score), showed that CTsinus-score (B=0.295, p=0.050) and RV/TLC 
(B=0.280, p=0.048) were independently associated with the rate of asthma exacerbations. 

Logistic regression analyses showed that the risk of having ≥2 exacerbations/year was significantly 
increased in patients with FeNO ≥50 ppb (OR 4.7, 95%C.I. 1.9-11.6) and  RV/TLC ≥120% of predicted 
(OR 5.4, 95%C.I. 1.7-17.0) (Table 3). The difference in prevalence of these factors between patients 
with high and low exacerbations rates is shown in figure 1.

Table 2: Correlations between number of exacerbations and inflammatory, pulmonary function and 
sinonasal parameters 

r = correlation coefficient. 
FeNO = exhaled fraction of nitric oxide, ppb = parts per billion, pb = post bronchodilator, FEV1 = forced 
expiratory volume in one second , FVC = forced vital capacity, %pred = percentage of predicted value, RV = 
residual volume, TLC = total lung capacity, SNOT = sinonasal outcome test. 

Table 3: Odds ratios for factors potentially associated with frequent exacerbations in adult-onset, 
eosinophilic asthma 

Odds ratios are shown for ≥2 exacerbations versus exacerbations<2.  
OR = odds ratio, CI = confidence interval, FeNO = exhaled fraction of nitric oxide, ppb = parts per billion.  
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Figure 1: Prevalence of factors potentially associated with frequent asthma exacerbations in 
eosinophilic asthma.  
Patients with low exacerbation rate (0-1/year) are compared to patients with high (≥ 2/year) 
exacerbation rate. 
RV = residual volume; TLC = total lung capacity; RV/TLC 120 = RV/TLC ≥ 120% of predicted; CT-
score 6 = Lund-Mackay CT-sinus score ≥ 6; FeNO 50 = level of exhaled nitric oxide ≥ 50 parts per 
billion; Blood Eo 0.3 = blood eosinophils ≥ 0.3*109/l; nasal polyps = nasal polyps at nasal endoscopy.  
 

5. Risk factors for frequent severe exacerbations in late-onset eosinophilic asthma

Figure 1: Prevalence of factors potentially associated with frequent asthma exacerbations in eosinophilic 
asthma.  
Patients with low exacerbation rate (0-1/year) are compared to patients with high (≥ 2/year) exacerbation 
rate. RV = residual volume; TLC = total lung capacity; RV/TLC 120 = RV/TLC ≥ 120% of predicted; CT-score 6 
= Lund-Mackay CT-sinus score ≥ 6; FeNO 50 = level of exhaled nitric oxide ≥ 50 parts per billion; Blood Eo 0.3 
= blood eosinophils ≥ 0.3*109/l; nasal polyps = nasal polyps at nasal endoscopy.

Discussion
This study shows that one third of patients with late onset eosinophilic asthma suffer from frequent, 
severe exacerbations. Higher blood eosinophil levels are associated with higher exacerbation 
rates and patients with exhaled nitric oxide levels above 50 ppb have an almost 5 times increased 
odds for frequent asthma exacerbations. Frequent exacerbations are independently associated 
with signs of chronic polypous rhinosinusitis and air trapping. This suggests that sinonasal 
disease and distal airway inflammation are important predisposing factors for the development 
of exacerbations in late onset eosinophilic asthma and that treatment of these conditions is likely 
to reduce exacerbation rate. 

To our knowledge, this is the first study exploring the potential risk factors for frequent exacerbations 
in eosinophilic asthma. Many patients with persistent eosinophilic airway inflammation suffer 
from frequent asthma exacerbations, but the mechanism underlying this association is far from 
clear. An association between sinonasal disease 4 or nasal polyposis 22 and sputum eosinophilia 
has been described previously in patients with difficult-to-control asthma, but exacerbations 
were not taken into account in these studies. Severe sinonasal disease has also been identified 
in patients with difficult-to-control asthma as one of the co-morbidities associated with frequent 
exacerbations23. Our study shows that amongst patients with the eosinophilic asthma phenotype, 
sinonasal disease is an independent risk factor for frequent exacerbations.
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Also the association between air trapping and severe asthma has been described previously. 
Air trapping is a consequence of distal airways dysfunction or obstruction. A study in severe 
asthmatics using transbronchial and endobronchial biopsies found that the distal airways 
contained a higher number of inflammatory cells than the large airways 24. Sorkness et al. found 
higher levels of air trapping at the same level of airway obstruction in patients with severe asthma 
as compared to mild-moderate asthma 25. One other study showed that airway closure at relatively 
high lung volumes can be observed in patients with difficult-to-treat asthma, in particular in 
those with frequent exacerbations of asthma 26. Our study clearly shows that amongst patients 
with eosinophilic asthma, air trapping, probably due to peripheral airway inflammation and 
dysfunction, is independently associated with frequent asthma exacerbations.

The strength of our study is the extensive and thorough characterization of our patients, including 
questionnaires, allergy testing, spirometry, whole-body plethysmography, induced sputum and 
blood cell counts, nasal endoscopy and CT-sinus. In particular, whole body plethysmography, 
and objective sinonasal assessment appeared to be a valuable addition to previous studies 27. 
Our study may have some limitations as well. First, the associations between upper and distal 
airways disease and asthma exacerbation rate in our study do not prove a causal relationship. 
Intervention studies are indeed required to confirm causality. Second, we used RV/TLC-ratio as 
the only parameter of air trapping. There are several other, more sensitive methods to assess 
small airways dysfunction or air trapping in asthma, like mosaic pattern on high resolution CT-
scan, multiple breath nitrogen washout tests or closing capacity. However, the RV/TLC is generally 
regarded as the most robust measure of air trapping.

How can we explain the relationship between upper and distal airways disease and exacerbations 
in eosinophilic asthma? Paranasal sinuses and peripheral airways are not easily accessible for 
nasal and inhaled corticosteroids and these sites are therefore prone to ongoing inflammation. 
Persistently inflamed sinus mucosa may cause ostio-meatal obstruction, a commonly postulated 
mechanism for chronic infection 28, and thus become a focus for asthma exacerbations. Distal 
airway inflammation with air trapping may also predispose for asthma exacerbations, because 
this type of airway obstruction may remain functionally and clinically silent until features of 
dynamic hyperinflation appear 29. In the event of exposure to a relatively minor trigger, a severe 
asthma exacerbation can occur.

Frequent exacerbations are one of the main problems in difficult to manage asthma. Several 
studies have shown that the exacerbation rate can be reduced when asthma management is 
guided by the percentage of eosinophils in induced sputum 30. However, our results suggest 
that in patients with eosinophilic asthma, additional benefit might be obtained by shifting the 
treatment focus to small airways and upper airways, for example by using small particle inhaled 
corticosteroids or co-management by an ENT-specialist. Alternatively, systemic therapies such as 
the novel injection therapies with biological might provide an ideal opportunity to target all sites 
of inflammation.
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5. Risk factors for frequent severe exacerbations in late-onset eosinophilic asthma

In summary, sinonasal disease and air trapping are associated with frequent exacerbations in 
patients with eosinophilic asthma despite treatment with inhaled corticosteroids. A high CT-sinus 
score and an elevated RV/TLC-ratio predict a high exacerbation rate independent of all other 
clinical, functional and inflammatory parameters. These results suggest that upper and distal 
airways disease play an important role in the development of severe exacerbations in eosinophilic 
asthma. Anti-inflammatory therapies specifically targeting upper and distal airways or systemic 
therapies with favourable side effect profiles are probably best suited to prevent future asthma 
exacerbations.
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Vitamin D reduces eosinophilic airway 
inflammation in non-atopic asthma
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Summary
Background: Low levels of vitamin D are associated with asthma severity, airway remodeling and 
exacerbation rate, especially in non-atopic asthma. Reduced steroid responsiveness or impaired 
antimicrobial defense might be underlying mechanisms. 
Objective: To evaluate the effect of vitamin D supplementation on eosinophilic and neutrophilic 
airway inflammation in non-atopic asthma patients.
Methods: In a double-blind, randomized, placebo-controlled trial we investigated the effect of 
long-acting vitamin D3 (400.000 IU) on sputum neutrophils and eosinophils in 44 non-atopic 
asthma patients with neutrophilic (≥ 53%) and/or eosinophilic (≥ 3 %) airway inflammation. 
Sputum induction was performed at baseline and after 9 weeks. Other measurements included 
questionnaires, blood samples and pulmonary function. 
Results: Treatment with vitamin D did not significantly affect sputum neutrophils or eosinophils, 
as compared to placebo in the total group. Regarding sputum eosinophils, the effect of vitamin 
D appeared to be dependent on baseline sputum eosinophil levels (interaction p=0.015).  In 
patients with eosinophil-levels ≥ 26.2% (median in patients with sputum eosinophilia >3%), 
eosinophils decreased from median 41.0% to 11.8% after vitamin D treatment as compared to an 
increase from 51.8% to 63.3% in patients receiving placebo (p=0.034). Vitamin D treatment also 
resulted in a slightly better ACQ (p=0.08). 
Conclusion: Vitamin D supplementation reduced eosinophilic airway inflammation in non-
atopic asthma patients with severe eosinophilic airway inflammation, but did not affect sputum 
neutrophils.  Also a small effect on asthma control was observed. These findings suggest that 
vitamin D might have potential as an add-on treatment option in eosinophilic asthma.
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6. Vitamin D reduces eosinophilic airway inflammation in non-atopic asthma

Introduction
There is a growing body of evidence suggesting an association between asthma and vitamin D. Low 
levels of vitamin D have been related to poor asthma control 1, more hospitalizations for asthma 2 
 and a higher incidence of respiratory tract infections 3. Moreover, in children, supplementation 
of vitamin D has been shown to be effective in reducing the incidence of asthma exacerbations 4 
and  respiratory tract infections 5. 

Remarkably, recent studies showed that the association between vitamin D insufficiency and 
asthma exacerbations was stronger in non-atopic patients as compared to atopic subjects 6, 7. Non-
atopic asthma is a common, but relatively underexposed asthma phenotype 8. Epidemiological 
evidence has shown that this type of asthma is associated with adult onset of disease 9, more 
severe symptoms 10, faster decline in FEV1

 11 and higher socio-economic costs 12. The triggering 
factors in non-atopic asthma are not always clear. Several studies suggest that, particularly in 
non-atopic patients with an adult-onset of their disease, respiratory tract infections play a central 
role 13, 14. It has been hypothesized that in these patients, colonization with specific pathogens 
might induce neutrophilic airway inflammation 15, but it has also been speculated that microbial 
superantigens are the unknown triggering factor in non-atopic asthma increasing T-helper type 
2 cells with infiltration of eosinophils 16.

Although the underlying mechanisms are not yet known, the beneficial effects of vitamin D might 
be attributed to its anti-inflammatory functions. First, it may reduce neutrophilic inflammation 
by its ability to reduce neutrophil chemotaxis 17 and by boosting the immune defense against 
microorganisms 18. On the other hand, vitamin D may reduce eosinophilic airway inflammation, 
by enhancing corticosteroid responsiveness 19. Therefore, we hypothesized that supplementation 
of vitamin D improves asthma control by reducing eosinophilic and/or neutrophilic airway 
inflammation, particularly in non-atopic asthma. To test this hypothesis, we investigated the effect 
of oral vitamin D3preparation (cholecalciferole) on eosinophil and neutrophil counts in induced 
sputum in non-atopic asthma patients. In addition, the effects on asthma control, asthma related 
quality of life, nasal symptoms, exhaled nitric oxide, pulmonary function, and eosinophil and 
neutrophil counts in peripheral blood were evaluated.

Methods
Patients
Asthma patients aged ≥ 18 years were included in this study. Asthma diagnosis was confirmed by 
a documented reversible airway obstruction (improvement in FEV1 ≥ 12% predicted and ≥ 200 
ml after administration of 400 µg salbutamol) or by airway hyperresponsiveness to methacholine 
(reduction of 20 %predicted in FEV1 after inhalation of up to 8 mg/ml methacholine). All 
patients were using standard asthma medication according to international guidelines 20. They 
were all non-atopic (no allergic symptoms at any time and absence of specific IgE to common 
inhalation allergens and fungi) and they had  neutrophilic (induced sputum neutrophils ≥ 53% 21) 
and/or eosinophilic (induced sputum eosinophils ≥ 3% 22) airway inflammation. Patients had 
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not experienced exacerbations or acute respiratory tract infections in the four weeks before 
enrolment. Smokers and ex-smokers were allowed to participate in the study, provided that they 
had at least 12% predicted reversibility in FEV1 and a normal diffusion capacity of CO (TLco ≥ 
80% of predicted) at time of inclusion. Patients with vitamin D levels > 100 nmol/l at baseline 
were excluded to lower the risk of causing hypercalcaemia. Further exclusion criteria were: other 
pulmonary co-morbidity (e.g. sarcoidosis, bronchiectasis), contra-indications for vitamin D use (e.g. 
history of kidney stones), previous use of high dose supplementary vitamin D, hypercalcaemia and 
pregnancy. The study was approved by the local medical ethical board. Written informed consent 
was obtained from every patient before participation in the study. This study was registered in the 
Dutch trial register: NTR2205.

Study design and treatment
This randomized, double-blind, placebo-controlled single-center study was conducted in the 
pulmonary outpatient clinic of a general hospital in Leeuwarden, the Netherlands. Patients were 
recruited from a large cohort-study of non-atopic asthma patients. The study consisted of 3 
visits: one visit at baseline, one visit at 1 week after taking study medication to check vitamin 
D3 plasma levels and one visit 9 weeks after taking study medication to evaluate the effect of 
vitamin D3 on primary and secondary outcome measures. At baseline (visit 1) patients completed 
questionnaires, underwent spirometry, blood samples were taken, levels of exhaled nitric oxide 
(FENO) were assessed and sputum was induced. Patients with confirmed sputum eosinophilia  
(≥3%) and/or neutrophilia (≥ 53%) were randomly assigned to receive either one high, oral 
dose of long-acting vitamin D3 preparation (400.000 IU cholecalciferole, De Collegiale bereiding, 
Oldenzaal, The Netherlands) or placebo. The study medication was packaged uniformly by a 
clinical pharmacist and later added to yoghurt that was finished by the patient under supervision 
of a blinded, independent investigator. 

Patients continued their normal asthma medication and were instructed not to use other vitamin 
supplements. If asthma medication (except short acting beta-agonists) was changed, patients 
were excluded from the study. After one week (visit 2) blood samples were taken to measure 
vitamin D3 levels. Also adverse events were assessed using a questionnaire asking for symptoms 
(headache, abdominal complaints, dysuria, etc.) and blood calcium was measured. At visit 3 (9 
weeks after inclusion) all assessments of visit 1 and 2 were repeated. 

Outcome measures
Primary outcomes
The two primary outcomes were the changes from baseline in neutrophil and eosinophil counts 
in induced sputum at 9 weeks after vitamin D3 administration. Sputum was induced using a 
standardized protocol 23 and whole sputum samples were processed. Differential cell counts were 
calculated as percentage of non-squamous cells. Sputum samples were eligible for analysis if they 
contained less than 80% squamous epithelial cells. 
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Secondary outcomes
Secondary outcomes included changes in Asthma Quality of Life Questionnaire score (AQLQ, 
range 1-7 24), Asthma Control Questionnaire score (ACQ-7, range 0-6 25), Sino-Nasal Outcome Test 
score (SNOT, range 0-110 26), peripheral blood eosinophil and neutrophil counts, total IgE, forced 
expiratory volume in one second (FEV1), forced vital capacity (FVC), FEV1/FVC-ratio and exhaled 
levels of nitric oxide (FENO). 

FEV1 and FVC were measured according to standard procedures 27 before and 30 minutes after 
administration of 400µg of salbutamol and FENO was measured by a handheld NO-analyzer (Niox 
Mino, Accuramed, Nossegem, The Netherlands) 28. 

Measurement of vitamin D3

Plasma 25-hydroxyvitamin-D3 was quantified using liquid chromatography and isotope dilution 
tandem mass spectrometry using a reagent kit from Chromsystems (Chromsystems Instruments 
& Chemicals GmbH).

Statistical analysis
Between-group differences at baseline were investigated by two-sample t-tests or Mann-Whitney 
U-tests for continuous data and Fisher’s exact or Chi-square test for categorical data, whenever 
appropriate. Changes in parameters were calculated as percentages of the baseline values. The 
differences in changes in parameters between both groups were analyzed using Mann-Whitney 
U-tests. ANCOVA was used to evaluate the impact of baseline levels of vitamin D, as well as baseline 
percentages of sputum eosinophils and neutrophils on the effect of treatment. The relationship 
between changes in vitamin D3 levels and changes in sputum eosinophils and neutrophils was 
investigated using  Spearman rank correlation coefficient. 

For patients with neutrophilic airway inflammation, group sample sizes of 12 and 12 achieve 
80% power to detect a difference of 30.0 units (%) between the mean change in percentage of 
neutrophils in induced sputum in the vitamin D group compared to the mean change in the 
placebo group with standard deviations of 25.0 (%) and with a significance level (alpha) of 0.05 
using a two-sided two-sample t-test. For the effect of vitamin D treatment on the change in 
eosinophils in sputum we expected a similar effect size as for the neutrophils

A two-tailed p-value < 0.05 was considered to indicate statistical significance. All analyses were 
performed using SAS software, version 9.2 (SAS Institute Inc., Cary, NC, USA).

 

6. Vitamin D reduces eosinophilic airway inflammation in non-atopic asthma
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Patients screened for study 
(n = 196) 

Sputum eligible for analysis 
(n = 118 ) 

Patients with elevated neutrophils and/or 
eosinophils  in induced sputum 

(n = 77 ) 

No successful sputum induction at 
point of screening   

(n = 78) 

Patients randomized for vitamin D or 
placebo 
(n = 47 ) 

Normal sputum neutrophils and 
eosinophils 

(n = 41 ) 

Patients analyzed 
(n = 44) 

 Exclusion: 
o Contra-indications for 

vitamin D use              
(n = 16) 

o No informed consent 
(n = 14) 
 
  
 
 
 

 

No successful sputum induction 
at end of study 

(n = 3) 

Results
Of the 196 patients who were screened for this study, 118 had a successful sputum induction. Of 
these subjects, 44 patients were eligible for participation in the study (15 patients with sputum 
eosinophilia and 20 with sputum neutrophilia and 9 with mixed eosinophilia and neutrophilia) 
and data from these patients were used in the analysis (Figure 1). Baseline characteristics showed 
no statistically significant differences between patients treated with vitamin D and placebo (Table 
1). For the total group, baseline characteristics are presented in more detail in supplementary 
Table E1. 

 

Figure 1: Flow chart concerning inclusion and exclusion of patients.

Vitamin D3 measurements
At baseline, plasma vitamin D3 levels were low (<50nmol/l) in 15 patients (6 patients in vitamin D 
group and 9 in the placebo group, p = 0.26). One patient in each group was deficient (vitamin D3 
< 30nmol/L). Vitamin D3 levels showed a significant rise from median 60 nmol/l to 153 nmol/L (p 
< 0.01) after one week and 91 nmol/L after nine weeks (p < 0.01) in the treated group. 
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Table 1: Baseline characteristics  

 Placebo  
(n=22) 

Vitamine D  
(n=22) p-value 

Sex, % male 68.2 50 0.22 
Age, y* 53.6 ± 16.7 59.0 ± 9.7 0.20 
Adult onset,  % 86.4 81.8 0.68 
BMI, kg/m2* 26.9 ± 4.8 26.6 ± 4.2 0.86 
Asthma duration, y† 5 (2-16) 4 (3-30) 0.79 
Pack years † 6 (0-21) 2 (0-11) 0.20 
ICS dose, budesonide 
equivalent † 400 (400-400) 400 (400-800) 0.26 
AQLQ score † 5.7 (5.2-6.3) 6.0 (5.1-6.4) 0.41 
ACQ score † 1.2 (0.7-1.6) 0.9 (0.4-1.9) 0.70 
SNOT score † 22 (18-43) 23 (14-30) 0.53 
Vitamin D3, nmol/L † 57 (40-70) 60 (47-78) 0.43 
Blood eosinophils, 109/L 
† 0.2 (0.1-0.4) 0.2 (0.1-0.3) 0.72 
Blood neutrophils, 109/L † 3.8 (2.9-4.5) 3.4 (2.7-4.5) 0.98 
IgE, kU/L † 69 (1-2110) 29 (13-117) 0.81 
pbFEV1, %pred* 97.6 ± 18.1 99.1 ± 15.7 0.76 
pbFEV1/FVC, %pred* 89.4 ± 12.8 92.5 ± 11.4 0.41 
FENO, ppb† 33 (15-67) 24 (19-36) 0.35 

Sputum neutrophils, % † 67.8 33.8-
75.6) 64,8 (44.6-76.4) 0.15 

Sputum eosinophils, % † 6.7 (0.2-39.7) 3.2 (0.3-13.3) 0.50 
Sputum eosinophils ≥ 
3%, number (%) of 
patients 12 (54,5) 12 (54,5) 1 
Sputum neutrophils 
≥53%, number (%) of 
patients 13 (59,1) 16 (72,7) 0.34 
*mean ± SD;  †median (first and third interquartiles)  
BMI, body mass index; ICS, inhaled corticosteroids; AQLQ, Asthma related Quality of Life 
Questionnaire; ACQ, Asthma Control Questionnaire; SNOT, Sino-Nasal Outcome Test; pb, 
postbronchodilator; FEV1, Forced Expiratory Volume in one Second; FVC, Forced Vital Capacity, 
%pred, percentage of predicted value; FENO, Fraction of Nitric Oxide in Exhaled Air; ppb, parts per 
billion. 
 

Table 1: Baseline characteristics 

*mean ± SD;  †median (first and third interquartiles)  
BMI, body mass index; ICS, inhaled corticosteroids; AQLQ, Asthma related Quality of Life Questionnaire; 
ACQ, Asthma Control Questionnaire; SNOT, Sino-Nasal Outcome Test; pb, postbronchodilator; FEV1, Forced 
Expiratory Volume in one Second; FVC, Forced Vital Capacity, %pred, percentage of predicted value; FENO, 
Fraction of Nitric Oxide in Exhaled Air; ppb, parts per  billion. 

Effect of vitamin D3 on sputum neutrophils
The percentage of sputum neutrophils showed a slight, non-significant reduction in the placebo 
group and no change in the vitamin D treated group (Table 2). This change in sputum neutrophil 
percentage was not significantly different between both groups. The change in plasma vitamin 
D3 levels was not related to the change in percentage sputum neutrophils. No interaction was 
observed between baseline vitamin D level or sputum neutrophil percentage and the treatment 
effect on sputum neutrophils.

 

6. Vitamin D reduces eosinophilic airway inflammation in non-atopic asthma
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Table 2: Effect of vitamin D on airway inflammation and secondary outcomes  

 Placebo 
(n = 22)  

Vitamine D 
(n = 22)   

 
 baseline 9 wks p baseline 9 wks P 

between 
group p 

Primary outcomes        

 Sputum eosinophils, % 
 

6.7  
(0.2-39.7) 

3.9  
(0.2-50.9) 

0.86 
 

3.1 
 (0.3-13.3) 

0.7  
(0.2-11.4) 

0.21 
 

0.69 
 

 Sputum neutrophils, % 
 

67.8  
(33.8-75.6) 

50.5  
(22.5-72.1) 

0.36 
 

64.8  
(44.6-76.4) 

65.5  
(45.1-86.2) 

0.58 
 

0.30 
 

         
Secondary outcomes        

 AQLQ, total score 
 

5.7  
(5.2-6.3) 

6.0  
(5.6-6.2) 

0.26 
 

6.0  
(5.1-6.4) 

6.3  
(6.0-6.6) 

0.007 
 

0.47 
 

 AQLQ, symptoms 
 

5.5  
(4.8-6.1) 

5.8  
(5.2-6.3) 

0.29 
 

5.7  
(5.0-6.3) 

6.2  
(5.7-6.5) 

0.001 
 

0.10 
 

 AQLQ, activities 
 

5.9  
(4.9-6.4) 

5.9  
(5.3-6.3) 

0.97 
 

6.0  
(5.3-6.7) 

6.3  
(6.0-6.7) 

0.033 
 

0.21 
 

 AQLQ, emotional 
 

6.0  
(5.6-6.5) 

6.1  
(5.8-6.6) 

0.16 
 

6.6  
(5.8-6.8) 

6.6  
(6.4-6.8) 

0.28 
 

0.70 
 

 AQLQ, environmental 
 

5.4  
(4.9-6.5) 

5.8  
(4.7-6.3) 

0.65 
 

5.9  
(4.7-6.3) 

6.1  
(5.5-6.6) 

0.077 
 

0.10 
 

 ACQ score 
 

1.2  
(0.7-1.6) 

1.1  
(0.8-1.6) 

0.53 
 

0.9  
(0.4-1.9) 

0.8  
(0.4-1.3) 

0.064 
 

0.08 
 

 SNOT score 
 

22  
(18-43) 

17  
(12-32) 

0.076 
 

23  
(14-30) 

14  
(10-31) 

0.043 
 

0.82 
 

 Calcium, mmol/L 
 

2.36  
(2.31-2.41) 

2.34  
(2.28-2.37) 

0.018 
 

2.39  
(2.33-2.45) 

2.38  
(2.30-2.44) 

0.10 
 

0.47 
 

 Vitamin D, nmol/L 
 

57  
(40-70) 

48  
(39-65) 

0.28 
 

60  
(47-78) 

91  
(82-106) 

<0.001 
 

<0.001 
 

 Blood eosinophils, 109/L  
 

0.2  
(0.1-0.4) 

0.2  
(0.1-0.4) 

0.49 
 

0.2  
(0.1-0.3) 

0.2  
(0.1-0.3) 

0.50 
 

0.71 
 

 Blood neutrophils, 109L  
 

3.8  
(2.9-4.5) 

3.6  
(3.0-4.9) 

0.71 
 

3.4  
(2.7-4.5) 

3.5  
(2.4-4.6) 

0.18 
 

0.19 
 

 IgE, kU/L 
 

69  
(5-265) 

47  
(4-264) 

0.50 
 

29  
(13-117) 

29  
(13-88) 

0.30 
 

0.49 
 

 pbFEV1, %pred * 97.6 ± 18.1 94.0 ± 17.1 0.039 99.1 ± 15.7 97.4 ± 15.7 0.27 0.44 
 pbFEV1/FVC, %pred * 89.4 ± 12.8 86.0  ± 11.3 0.005 92.5 ± 11.4 92.5 ± 11.5 0.92 0.03 

 FENO, ppb 
 

33  
(15-67) 

26  
(11-60) 

0.30 
 

24  
(19-36) 

22  
(17-29) 

0.23 
 

0.52 
 

*mean ± SD; all other values are presented as median (first and third interquartiles) 
AQLQ, Asthma related Quality of Life Questionnaire; ACQ, Asthma Control Questionnaire; SNOT, Sino-Nasal 
Outcome Test; pb, postbronchodilator; FEV1, Forced Expiratory Volume in one Second; FVC, Forced Vital 
Capacity, %pred, percentage of predicted value; FENO, Fraction of Nitric Oxide in Exhaled Air; ppb, parts per 
billion. 
 

Table 2: Effect of vitamin D on airway inflammation and secondary outcomes

*mean ± SD; all other values are presented as median (first and third interquartiles) 
AQLQ, Asthma related Quality of Life Questionnaire; ACQ, Asthma Control Questionnaire; SNOT, Sino-Nasal  
Outcome Test; pb, postbronchodilator; FEV1, Forced Expiratory Volume in one Second; FVC, Forced Vital 
Capacity, %pred, percentage of predicted value; FENO, Fraction of Nitric Oxide in Exhaled Air; ppb, parts per  
billion. 

Effect of vitamin D on sputum eosinophils
Sputum eosinophils showed no change in the vitamin D3treated group as compared to the 
placebo group (p=0.69), the median percentages change from baseline of the sputum eosinophils 
were -0.12% (95% confidence interval -17.7 – 35.1) in the placebo group and -0.17% (95% 
confidence interval -31.2 – 49.6) in the vitamin D group. However, when evaluating the impact 
of baseline values on treatment effect, a significant interaction between the two parameters was 
observed (interaction p=0.015), indicating modification of the effect of vitamin D3 dependent on 
the baseline sputum eosinophil level. 
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Within the group of patients with sputum eosinophilia, those with the highest percentages 
of eosinophils (≥ 26.2%, based on the median of the group, ‘high eosinophil group’) showed 
a substantial decrease in sputum eosinophils from median 41.1% to 11.8% in the vitamin D3 
treated group (median percentage change = -65.8%, 95%CI: -101.2- -12.9) (p=0.034), as compared 
to an increase from 51.8% to 63.3% in the placebo group (median percentage change = -3.5 %, 
95%CI: -38.5- 84.3) (p=0.65) (Figure 2). In these patients in the ‘high eosinophil group’, changes in 
plasma vitamin D3levels were correlated with changes in the percentage of sputum eosinophils 
(r=-0.72, p=0.01). No correlations were observed between changes in vitamin D3 and changes in 
FEV1(r=0.15; p=0.33), FEV1/FVC (r=-0.22; p=0.16), ACQ (r=-0.11; p=0.49) and AQLQ (r=0.08; p=0.60).  
In the patients in the ‘low-moderate eosinophil group’ (sputum eosinophils < 26.2%) no effect of 
vitamin D3 was found. 

The effect of vitamin D3 on secondary parameters
Secondary outcomes are shown in Table 2. We observed a trend towards better asthma control as 
reflected in a slight reduction in ACQ in the vitamin D3 treated group  as compared to the placebo 
group (p=0.08). There were no significant changes in AQLQ and SNOT scores or peripheral blood 
eosinophils, neutrophils and total IgE. There was a significant difference in the change in FEV1/FVC-
ratio ratio between both groups, which was explained by a reduction in the patients receiving 
placebo. 

6. Vitamin D reduces eosinophilic airway inflammation in non-atopic asthma
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Figure 2: Effect of vitamin D3 on eosinophilic airway inflammation.  

Box plots of the change from baseline in percentage sputum eosinophils after placebo or vitamin D3 
treatment in the ‘low-moderate eosinophil group’ (sputum eosinophils < 26.2%; left panel) and the 
‘high eosinophil group’ (sputum eosinophils ≥ 26.2%; right panel). For Placebo and vitamin D3, the 
number of patients was 14 resp. 18 in the ‘low-moderate eosinophil’ group and 8 resp 4 in the ‘high 
eosinophil’ group. Medians, 25th and 75th percentiles, and 95% confidence intervals are presented. 

The thick black lines in the boxes represent the medians of the change of percentage sputum 
eosinophils, the bottoms and tops of the boxes represent the first and third quartiles of the distributions 
of the change of percentage sputum eosinophils and the stacks represent the 2.5th and 97.5th 
percentiles of the distributions. The p-values are comparing the distributions of the change of  
percentage sputum eosinophils of placebo or vitamin D treatment patients, separately in the 
subgroups of patients with low/moderate or high baseline sputum eosinophils. 

Figure 2: Effect of vitamin D3 on eosinophilic airway inflammation.  
Box plots of the change from baseline in percentage sputum eosinophils after placebo or vitamin D3  
reatment in the ‘low-moderate eosinophil group’ (sputum eosinophils < 26.2%; left panel) and the ‘high 
eosinophil group’ (sputum eosinophils ≥ 26.2%; right panel). For Placebo and vitamin D3, the number of 
patients was 14 resp. 18 in the ‘low-moderate eosinophil’ group and 8 resp 4 in the ‘high eosinophil’ group. 
Medians, 25th and 75th percentiles, and 95% confidence intervals are presented. 

The thick black lines in the boxes represent the medians of the change of percentage sputum eosinophils, 
the bottoms and tops of the boxes represent the first and third quartiles of the distributions 
of the change of percentage sputum eosinophils and the stacks represent the 2.5th and 97.5th percentiles 
of the distributions. The p-values are comparing the distributions of the change of percentage sputum 
eosinophils of placebo or vitamin D treatment patients, separately in the subgroups of patients with low/
moderate or high baseline sputum eosinophils.

Adverse events
Hypercalcaemia was not observed in any of the patients and calcium levels did not change after 
supplementation of vitamin D3. The total number of adverse events was similar in both groups (7 
resp. 9 patients in the placebo resp. vitamin D group, p=0.80). No differences were observed in 
adverse events derived from the questionnaire. 
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Discussion
In this study, one high single oral dose of vitamin D3 reduced eosinophilic airway inflammation in 
patients with non-atopic asthma and prominent sputum eosinophilia. Vitamin D3 did not affect 
sputum neutrophils despite a significant rise in plasma vitamin D3 levels. These results suggest 
that the beneficial effect of vitamin D3 in asthma may be related to its effect on eosinophilic 
airway inflammation, thereby identifying an area of potential intervention in the subgroup of 
patients with most severe asthma. 

To our knowledge, this is the first study evaluating the effect of vitamin D3 as an add-on treatment 
on airway inflammation in adult patients with asthma. So far, intervention studies with vitamin D 
in asthma have mainly been performed in children. Also, most studies have focused on clinical 
outcomes, without paying attention to the underlying mechanisms. In schoolchildren, vitamin D 
supplementation has been shown to reduce seasonal influenza A episodes and asthma attacks 5 
 and the addition of vitamin D to inhaled budesonide in steroid naïve asthmatic children has 
shown to reduce exacerbation rate 4. Our finding of vitamin D3 affecting eosinophilic airway 
inflammation might provide a possible mechanistic explanation for these latter results. In adults, 
there are not many studies regarding the effect of vitamin D on exacerbations. Although no effect 
on exacerbations was seen in a recent study, a small reduction in maintenance dose of inhaled 
corticosteroids was observed. 29 This could be in line with our finding of a reduction in sputum 
eosinophils after vitamin D supplementation. Regarding infections, vitamin D supplementation 
in adults has shown to have little effect on the incidence of upper respiratory tract infections. 30-32 
Data on vitamin D supplementation in asthma are limited and our study adds to the field by 
showing that vitamin D3 reduces eosinophilic airway inflammation in adults with severe airway 
inflammation.

In the subgroup of patients with eosinophilic airway inflammation, we observed a significant 
lowering effect of vitamin D supplementation on sputum eosinophils, but not on FENO levels. 
These divergent effects on sputum eosinophils and FENO have been observed in earlier studies as 
well, suggesting that sputum eosinophils and FENO are biomarkers of different pathophysiological 
mechanisms. 33

The strength of our study is the use of high dose of oral vitamin D3 that significantly increased 
plasma vitamin D3 levels, even after a 9 weeks interval, in contrast to other intervention studies in 
which no increase was found or measured. With this strategy we were able to exclude possible 
non-adherence with vitamin D3 treatment. We chose a single high dose of vitamin D3 (400.000 
IU) based on experimental studies in which vitamin D doses of up to 400.000 IU had proven to 
be safe 34. Also, in our study no adverse events from treatment were reported. With this high dose 
of vitamin D3 there was no effect on neutrophilic airway inflammation and it seems unlikely that 
higher doses or other dosing regimens would have led to different results. This lack of effect is 
also unlikely to be related to the small sample size, since not even a trend of an effect on sputum 
neutrophils was observed. With respect to sputum eosinophils, we cannot exclude that similar 
reductions could have been obtained with lower doses of vitamin D.

6. Vitamin D reduces eosinophilic airway inflammation in non-atopic asthma



Processed on: 30-11-2016Processed on: 30-11-2016Processed on: 30-11-2016Processed on: 30-11-2016

506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot

   

The lowering effect of vitamin D3 on sputum eosinophils might be explained by its effect on 
steroid sensitivity. In vitro studies showed that vitamin D3 restores the interleukin-10 response 35, 
supporting the idea that vitamin D improves steroid responsiveness 19 and reduces eosinophilic 
airway inflammation. This is supported by several clinical studies. An analysis of the Childhood 
Asthma Management Program data set showed that higher serum vitamin D levels were 
associated with better response to inhaled corticosteroid therapy 36. Other studies showed a 
relationship between lower levels of vitamin D and the requirement for higher doses of inhaled 
corticosteroid in children 37-39 and a decreased response to glucocorticoids in adults 40. Our results 
confirm and extend these findings and suggest that vitamin D treatment might be particularly 
beneficial in the subgroup of asthma patients with eosinophilic airway inflammation.

The lack of effect of vitamin D3 on neutrophilic airway inflammation was surprising, since previous 
findings suggested that low levels of vitamin D3 might induce neutrophilic airway inflammation. 
In addition to a direct immune modulatory effect, as illustrated by its ability to reduce production 
of the neutrophil chemo-attractant IL-8 by lung epithelial cells 17, vitamin D is also thought to 
enhance innate immunity against microorganisms by inducing the production of antimicrobial 
peptides 18. This suggests that low levels of vitamin D could lead to ongoing neutrophilic 
inflammation by reduced clearance of infectious agents and lower suppression of inflammatory 
responses. In contrast to these previous findings, we did not observe any effect of vitamin D3 on 
sputum neutrophils. 

The lack of efficacy of vitamin D3 on neutrophilic airway inflammation might be due to the 
inclusion of patients without vitamin D deficiency. We purposely included patients regardless of 
their vitamin D3 level, because the current normal values of plasma vitamin D3 apply to patients 
with other diseases than asthma, such as osteoporosis. Nevertheless, when comparing the 
effects of vitamin D3 vs. placebo on inflammatory cells between the groups with and without 
vitamin D insufficiency (vitamin D < 50 nmol/L), we observed no differences. Another reason 
for lack of effect of vitamin D3 on neutrophilic inflammation could have been the selection of 
patients with relatively mild asthma. It is conceivable that this selection affected the results of this 
study. Therefore, it cannot be excluded that vitamin D3 would have reduced neutrophilic airway 
inflammation in patients with more severe asthma. 

In conclusion, our results suggest that vitamin D3 as an add-on treatment might be able to reduce 
eosinophilic airway inflammation in non-atopic asthma patients with high levels of sputum 
eosinophils, possibly by enhancing steroid responsiveness.  Vitamin D3, with its favorable safety 
profile and low costs, might be a promising steroid-sparing agent in subgroups of asthma patients 
with persistent airway eosinophilia. 
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Table E1: Baseline characteristics of total group (n=44) 

 
Mean SD Min. 

1st inter-
quartile Median 

3rd inter-
quartile Max. 

Age, yr 56.3 13.8 18 48 60 67 73 
Age of onset, yr 43.8 20.3 2 29 48 60 71 
Asthma duration, yr 

12.6 14.8 1 2 5 22 56 
Pack years  9.9 15.1 0 0 3 15 80 
ICS dose, budesonide 
equivalent  507 378 0 400 400 800 1600 
OCS dose, mg/day 0.6 2.2 0 0 0 0 0-10 
BMI, kg/m2 26.8 4.4 19.2 23.9 26.0 29.4 38.1 
AQLQ score  5.7 0.74 3.3 5.1 5.9 6.3 6.7 
ACQ score  1.2 0.70 0.1 0.5 1.1 1.7 3.1 
SNOT score  26 14.9 3 16 23 33 66 
Vitamin D3, nmol/L  59 21.1 27 41 57 73 113 
Blood leukocytes, 109/L  6.7 1.9 3.5 5.6 6.2 7.4 13.7 
Blood eosinophils, 109/L  0.2 0.19 0 0.1 0.2 0.3 0.8 
Blood neutrophils, 109/L  3.7 1.5 1.4 2.8 3.7 4.5 9.6 
IgE, kU/L  160 352 1 12 43 183 2110 
pbFEV1, %pred 98.3 16.8 45 89 100 112 110 
pbFEV1/FVC, %pred 90.9 12.1 54 84 91 101 110 
FENO, ppb 

40 35.7 7 16 30 48 182 
Sputum neutrophils, %  59.0 24.5 10.0 42.1 65.3 75.8 98.0 
Sputum eosinophils, %  15.7 22.4 0 0.2 3.7 26.9 80.8 

*mean ± SD; †median (first and third interquartiles) 
ICS, inhaled corticosteroids; OCS, oral corticosteroids; BMI, body mass index; AQLQ, Asthma related 
Quality of Life Questionnaire; ACQ, Asthma Control Questionnaire; SNOT, Sino-Nasal Outcome Test; 
pb, postbronchodilator; FEV1, Forced Expiratory Volume in one Second; FVC, Forced Vital Capacity, 
%pred, percentage of predicted value; FENO, Fraction of Nitric Oxide in Exhaled Air; ppb, parts per 
billion. 

 

6. Vitamin D reduces eosinophilic airway inflammation in non-atopic asthma

Table E1: Baseline characteristics of total group (n=44) 

*mean ± SD; †median (first and third interquartiles) 
ICS, inhaled corticosteroids; OCS, oral corticosteroids; BMI, body mass index; AQLQ, Asthma related 
Quality of Life Questionnaire; ACQ, Asthma Control Questionnaire; SNOT, Sino-Nasal Outcome Test; pb, 
postbronchodilator; FEV1, Forced Expiratory Volume in one Second; FVC, Forced Vital Capacity, %pred, 
percentage of predicted value; FENO, Fraction of Nitric Oxide in Exhaled Air; ppb, parts per billion. 
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Summary 
In the last decades, it has been recognized that asthma is not a single disease, but comprises  
several clinical syndromes, which all share respiratory symptoms and lung function abnormalities, 
associated with different types of airway inflammation. These syndromes are now known as 
different asthma phenotypes. By far the best known phenotype consists of patients with childhood 
asthma, which is often mild and related to atopy. Patients with adult-onset asthma however, have 
a less common asthma phenotype with often more severe disease, with faster lung function 
decline, more persistent airflow limitation 1 and less association with atopy 2. Most patients 
with asthma exhibit some degree of airway inflammation. The type and intensity of this airway 
inflammation can vary between different asthma subtypes. Eosinophilia, especially eosinophilic 
airway inflammation despite corticosteroid treatment, is associated with more severe disease 
with lung function abnormalities1. This thesis is focused on different phenotypes of asthma and 
especially on the adult-onset, eosinophilic asthma phenotype, because of the possible high level 
of severity and the upcoming treatment options in eosinophilic asthma.

We established a cohort of 186 adult-onset asthma patients, to investigate clinical, functional and 
inflammatory characteristics of this specific subtype of asthma. The patients in our cohort were 
combined with two other adult-onset asthma cohorts 3, 4. This enabled us to answer questions 
about different asthma subphenotypes with more power. The main focus became the adult-
onset, eosinophilic asthma phenotype.

In this final chapter the results of our studies are summarized, followed by a general discussion 
and suggestions for future research.

Chapter 2
Over the last decade, several studies have addressed phenotyping of asthma. Cluster analyses and 
other clinical studies identified specific asthma subtypes with specific characteristics. Chapter two 
gives an overview of the literature on eosinophilic asthma and future implications for treatment. 
After a short summary of the evolving concepts of the role of the eosinophil in asthma, different 
aspects of eosinophilic asthma discussed. The molecular pathways of eosinophilic asthma are 
described, like the well known Th2 pathway and the more recently identified innate lymphoid 
cells type 2 (ILC2) pathway. Typical clinical characteristics of patients with eosinophilic asthma 
are described and treatment options are discussed. Finally, the novel biologicals, monoclonal 
antibodies targeting diverse mediators in eosinophilic airway inflammation are addressed.

Overall, this review points out the importance of identification of patients with this phenotype of 
asthma and highlights the treatment implications in this disease.

 

7. Summary and General discussion
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Chapter 3
After the review of literature on eosinophilic asthma described in chapter 2, we aimed to provide 
a clear clinical profile of the patient with adult-onset, eosinophilic asthma, which is described in 
chapter 3. Previous studies suggested that this phenotype has specific characteristics, but this has 
never been investigated systematically. We therefore conducted a thorough analysis of all patient 
characteristics in our large cohort of adult-onset, asthma patients.

In the total cohort, patients with eosinophilic adult-onset asthma (blood eosinophils ≥ 0.3*109/
l) were compared with non-eosinophilic, adult-onset asthma patients (blood eosinophils < 
0.3*109/l) regarding demographics, respiratory allergies, aspirin intolerance, smoking history, co-
morbidity (obesity, GERD, sino-nasal disease), disease severity (exacerbations, need for high dose 
corticosteroid treatment) and lung function (spirometry, fixed airflow limitation and air trapping). 
This provided a complete phenotypical description: Patients with adult-onset, eosinophilic 
asthma were more often male and had more often severe exacerbations despite higher doses of 
anti-inflammatory medication. These patients also showed more lung function abnormalities, like 
persistent airflow limitation and air trapping and they exhibited more sinonasal disease, as shown 
by more abnormalities on CT-sinus and a higher prevalence of nasal polyposis. 

It is important to any clinician treating asthma patients, to know these characteristics of adult-
onset, eosinophilic asthma. It not only helps choosing the best treatment option, but it also 
alerts clinicians to address potential typical co-morbidities and to be aware of a possible worse 
prognosis.

 Chapter 4
In chapter 4 we further explored the severity of asthma in patients with a adult-onset of their 
disease. We know adult-onset asthma has been described as a distinct phenotype, but not 
all patients show signs of severe disease. In this chapter we aimed to identify the clinical and 
inflammatory characteristics that distinguish patients with severe adult-onset asthma from those 
with more milder forms.

For this study, 176 patients with adult-onset asthma (recruited from 1 academic and 3 nonacademic 
outpatient clinics) were investigated. Patients with severe refractory asthma (as defined by 
international Innovative Medicines Initiative criteria) were compared to patients with mild-to-
moderate persistent asthma (as defined by Global Initiative for Asthma criteria) regarding clinical, 
functional, and inflammatory parameters. Then, univariate and multivariate logistic regression 
were used to determine factors associated with disease severity.

As expected, patients with severe adult-onset asthma hadhigher symptom scores, poorer 
quality of life scores, higherneed for high-intensity treatment, worse lung function and higher 
exacerbation rate, as compared to patients with mild-to-moderate adult-onset asthma. We 
further found that patients with severe adult-onset asthma were less often atopic (48% vs 66%, 
p=0.02) and more often suffered from nasal polyposis (54% vs 27%, p<0.001) than patients with 
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mild-to-moderate adult-onset asthma. Regarding inflammation, higher levels of exhaled nitric 
oxide (38 vs 27 ppb, p=0.02), higher blood neutrophil counts (5.3 vs 4.0 109/L, p<0.001) and 
more often sputum eosinophilia (11.8% vs 0.8%, p<0.001) were found in the group of patients 
with severe adult-onset asthma, as compared to mild-to-moderate adult-onset asthma. Multiple 
logistic regression analysis showed that increased blood neutrophil counts (OR 10.9; p=0.002) 
and sputum eosinophil (OR 1.5; p=0.005) counts were independently associated with severe 
adult-onset disease.

Chapter 5
Chapter 3 and 4 showed that adult-onset asthma is often more severe in asthma patients with 
eosinophilia and that this asthma phenotype is at risk for severe asthma exacerbations. An 
essential next step is to identify which of these patients are at risk of developing exacerbations, so 
that their treatment can be intensified and hopefully exacerbation rate can be reduced. 

In chapter 5, we investigated patients with adult-onset asthma, with elevated sputum eosinophil 
levels (≥3%) despite inhaled or oral corticosteroids. Patients with high (≥2/year) and low (<2/year) 
exacerbation rates were compared and the association between exacerbation rate and several 
indicators of inflammation (blood eosinophils, sputum eosinophils, exhaled nitric oxide (FeNO)), 
central and peripheral airway abnormalities(spirometry, body plethysmography) and sinonasal 
involvement (sinonasal outcome test, CT-sinus, nasal endoscopy) was assessed.

We found that in patients with adult-onset, eosinophilic asthma, higher levels of blood and 
sputum eosinophils, higher levels of exhaled nitric oxide, a lower FEV1 and more fixed airway 
obstruction, more airtrapping, higher CT-sinus score and worse nasal endoscopy scores were 
all associated with a higher exacerbation rate. Multiple linear regression analysis showed that 
higher CTsinus-score (B=0.295, p=0.050) and higher RV/TLC-ratios (B=0.280, p=0.048) were 
independently associated with a higher exacerbation rate.

Chapter 6
Although most patients with eosinophilic asthma respond well to corticosteroid treatment, there 
is a need for alternative medicines for those who are less or non-responsive and therapies with 
fewer adverse reactions than oral corticosteroids. Literature suggests that low levels of vitamin D 
are related to worse asthma control and a higher exacerbation rate. It is thought that vitamin D 
plays a role in the immune response against infectious agents and it could enhance corticosteroid 
responsiveness. With these possible mechanisms of action in mind, vitamin D might be promising 
in asthma treatment. 

We conducted a randomized, double blind, placebo-controlled study to evaluate the effect of 
high oral dose vitamin D (400.000IU) on airway inflammation in 44 non-atopic asthma patients 
with neutrophilic (≥ 53%) and/or eosinophilic (≥ 3 %) airway inflammation. Sputum induction 
was performed at baseline and after 9 weeks. Other measurements included questionnaires, 
blood samples and pulmonary function.

7. Summary and General discussion
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In the total group, no effect on sputum eosinophils or sputum neutrophils was seen, but we found 
the effect of vitamin D on sputum eosinophils to be dependent on baseline sputum eosinophil 
values. Further evaluation showed a reduction of eosinophilic airway inflammation after treatment 
with vitamin D in the patients with high baseline sputum eosinophils (≥ 26.2%, the median in the 
group of patients with sputum eosinophilia ≥ 3%). Regarding secondary outcomes, there was a 
trend towards improvement of asthma control after treatment with vitamin D in the total group 
of patients.
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General discussion
Our results in light of previous literature
In this thesis, the phenotype of adult-onset, eosinophilic asthma, with its specific characteristics 
is discussed. One of the most important findings was the association of adult-onset eosinophilic 
asthma with asthma severity. In patients with adult onset asthma, eosinophilia was associated 
with more severe disease, as shown by higher exacerbation rates despite higher doses of anti-
inflammatory medication and more lung function abnormalities (chapter 3).  In the patients with 
severe adult-onset asthma, sputum eosinophilia was observed far more often as compared to 
mild-moderate asthma (chapter 4). The relationship between adult-onset eosinophilic asthma 
and disease severity was confirmed by several other studies. Patients with severe adult-onset 
asthma were shown to have higher numbers of airway eosinophils as compared to patients 
with severe asthma and an early onset of their disease 2. Persistent eosinophilia is associated 
with less asthma control5whilst persistent airflow limitation 1 is also more frequently observed. 
Worse asthma control and lung function decline are important features of severe asthma, so 
the association of these factors with eosinophilic airway inflammation confirms the clinical 
importance of identifying this adult-onset eosinophilic asthma phenotype. 

In this thesis, not only persistent airway obstruction was found more often in eosinophilic 
patients, but we also observed more peripheral airway obstruction with air trapping (chapter 3). 
To our knowledge, the association between eosinophilia and air trapping has not been described 
before. However, the link between asthma severity and peripheral airway inflammation has been 
shown previously 6, 7 and air trapping has been associated with frequent exacerbations 8. We found 
that air trapping was one of the two independent predictors for frequent exacerbations (Chapter 
5), which is in line with previous findings. 

We also found that nasal polyps and chronic rhinosinusitis were important features of adult-onset 
eosinophilic asthma. Adult-onset eosinophilic asthma patients showed more sinonasal disease 
(chapter 3) as compared to non-eosinophilic adult-onset asthma patients. Moreover, sino-nasal 
disease (as measured by CT-sinus scores) was one of the predictors of a high exacerbation rate 
in patients with adult-onset eosinophilic asthma. The association between asthma and chronic 
rhinosinusitis is well-established 9. Especially the combination of non-atopic, eosinophilic asthma 
with nasal polyposis and intolerance for aspirin has been known for decades and is often called 
as Samter’s triad 10, 11 The association of sinonasal disease with frequent exacerbations has been 
described previously 12, but had not been investigated specifically in patients with eosinophilic 
asthma before.  

In our cohort of adult-onset asthma, eosinophilia was not associated with aspirin intolerance 
(chapter 3). However, aspirin intolerance is often associated with eosinophilic asthma and nasal 
polyps 10. Overall only few patients in our cohort reported aspirin intolerance, which may be 
attributed to a lower prescription rate of aspirin to asthma patients in the Netherlands.  

We found that eosinophilic and non-eosinophilic adult-onset asthma patients showed similar 

7. Summary and General discussion
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rates of atopy (chapter 3), which implies that eosinophilia is not directly related to atopy in adult-
onset asthma. Other mechanisms in the development of eosinophilia are likely to be present, 
but not entirely unraveled yet. The eosinophilic inflammation in the absence of atopy, may be 
evolved from the ILC2 pathway as opposed to the TH2-pathway that is associated with atopy 13. 
In the patients with severe asthma, atopy was observed less frequently as compared to patients 
with mild-moderate disease (chapter 4). The absence of atopy has been identified as a feature of 
more severe asthma before and is associated with faster lung function decline 14.

In chapter 6, a randomized controlled trial is described, in which we evaluated the effect of 
vitamin D on airway inflammation in asthma. We found a reduction of sputum eosinophils in 
the patients with high baseline sputum eosinophil levels receiving vitamin D as compared to 
patients with high baseline sputum eosinophils receiving placebo. Our study did not explore the 
effect on long-term asthma control, but a slight improvement in ACQ after 9 weeks was observed. 
Previous studies with vitamin D have focused mainly on children and found some positive effects 
of vitamin D. Vitamin D could reduce the incidence of influenza A and the number of asthma 
attacks 15 and lower exacerbation rate when used in addition to inhaled corticosteroids 16. Studies 
in adults are less available and have mixed results. One trial showed that vitamin D could improve 
lung function in adult asthma patients after a longer duration of use 17, but another study showed 
no improvement in asthma control 18. Our study was the first to show a positive effect of vitamin 
D on eosinophilic airway inflammation. This reduction of eosinophilic airway inflammation 
might provide an explanation for the lower exacerbation rate with vitamin D supplementation 
observed in previous studies, but our study does not explain a possible reduction in respiratory 
tract infections by vitamin D.

Clinical implications of this thesis
Recognizing adult-onset, eosinophilic asthma as an important clinical asthma phenotype has 
major clinical implications. The description of this typical phenotype with more severe disease, 
more sinonasal involvement and higher exacerbation frequency offers both help and further 
challenges to the clinician dealing with these patients.

General practitioners and pulmonologists, diagnosing and treating asthma, should be aware that 
not all asthma patients exhibit the same type and extent of airway inflammation. It is not only 
important to address clinical signs and lung function, but also to include assessment of (airway) 
inflammation. Sputum induction can be used to confirm eosinophilic airway inflammation, 
but blood eosinophil levels and/or exhaled levels of nitric oxide are usually a more practical 
alternative in daily asthma care 19, 20. Further, blood eosinophils were found to be better predictors 
of a beneficial response to mepolizumab 21. Our study that described the adult-onset, eosinophilic 
asthma phenotype (chapter 3) found similar results when defining eosinophilic patients by 
blood eosinophils as compared to sputum eosinophils. Both methods can probably be used to 
adequately identify asthma patients with eosinophilic inflammation. Identifying patients with 
eosinophilic airway inflammation should alert the clinician to search actively for specific co-
morbidity that is common in this asthma phenotype, since treatment of these co-morbidities 
might improve asthma control. When eosinophilic airway inflammation is found in patients 
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already taking inhaled or oral corticosteroids, non-compliance should always be considered, 
before labelling a patient persistent eosinophilic. 

On the other hand, patients presenting with asthma symptoms with specific co-morbidity, like 
complaints suggestive for sinonasal disease, should alert the clinician to possible persistent 
eosinophilic airway inflammation. This could be especially challenging when patients present 
with dyspnea accompanied by a persisting airflow limitation and air trapping, which could easily 
be misdiagnosed as COPD (chronic obstructive pulmonary disease). Obviously, patients with this 
asthma phenotype require a different therapeutic approach than patients with classic COPD. Since 
air trapping is common in patients with eosinophilic asthma, body plethysmography or high 
resolution computed tomography is useful in these patients and should at least be performed in 
eosinophilic patients to evaluate for possible air trapping.

Patients with eosinophilic airway inflammation could probably benefit from a different 
therapeutic approach. We found that patients with this phenotype of asthma require higher 
doses of anti-inflammatory therapy. However, for most patients it will not be enough to just 
increase the inhaled corticosteroid dose. Clinician should evaluate and treat every part of the 
airways. If nasal polyposis or chronic rhinosinusitis is found, topical nasal steroids should be 
administered or patients should ideally be referred to an ENT-specialist for further evaluation and 
perhaps even sinonasal surgery 22. When pronounced air trapping is established, the addition 
of small particle inhaled corticosteroids could be a good option 23. We found that patients with 
sinonasal disease and air trapping are more prone to asthma exacerbations, which implicates that 
it is important to address all inflammatory sites, because this might improve asthma control and 
reduce exacerbation rate.

Since the group of patients with adult-onset, eosinophilic asthma  exhibit eosinophilic 
inflammation on various sites (elevated blood eosinophils, eosinophilic inflammation of larger 
and small airways and nasal sinus), one could consider this asthma subtype a systemic condition 
as opposed to a local airway problem. This suggests that patients would benefit from systemic 
treatment with oral or injectable medication. This is in line with our results that show that patients 
with the eosinophilic phenotype more often needed oral corticosteroids. The new biologicals 
are very promising in adult-onset, eosinophilic asthma, since they are administered per injection 
and specifically target eosinophilic inflammation, thus addressing all eosinophilic inflammation, 
regardless of the location. Early studies with mepolizumab 24-26 showed us that it is important to 
confirm eosinophilic inflammation to improve the chances of a favourable response. It is not 
unlikely that the number of available agents that target specific inflammatory cells or cytokines 
will grow rapidly, which will increase the need for the assessment of the inflammatory subtype 
in patients with difficult to treat asthma. At the moment, omalizumab, directed at IgE, is widely 
used, especially in atopic asthma. Mepolizumab is the first agent directed at Il-5 that is becoming 
available in several countries and shows good results in eosinophilic asthma. Further, biologicals 
directed at IL-13 (e.g. tralokinumab, lebrikizumab 27) and IL-4R-alpha (e.g. dupilumab) 28 are still 
being studied, but show promising results. The latter could also be beneficial in nasal polyposis 
or atopic dermatitis 29, 30. 

7. Summary and General discussion



Processed on: 30-11-2016Processed on: 30-11-2016Processed on: 30-11-2016Processed on: 30-11-2016

506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot

 1   

Vitamin D as a form of systemic therapy in eosinophilic asthma, should be further explored. Vitamin D 
has been linked to respiratory tract infections 31,lung function 32 and corticosteroid responsiveness 33. 
We found that high dose vitamin D could reduce sputum eosinophils in patients with asthma 
with severe eosinophilic inflammation. Our finding might be explained by an increase in corticoid 
responsiveness by vitamin D, which reduces sputum eosinophilia at a stable corticosteroid dose. 
Another explanation could be an enhanced immune response against pathogens, which results in 
a less ILC2-cell activation and thereby a reduction in sputum eosinophilia 13. It is not inconceivable 
that a reduction in eosinophilic airway inflammation could be established when supplementing 
larger groups of asthma patients with less severe eosinophilic airway inflammation with vitamin 
D. One could argue for a standard treatment with vitamin D in all asthma patients, or at least 
all patients with low levels of vitamin D, since the relationship between lower vitamin D levels 
and worse asthma characteristics has been demonstrated repeatedly. Moreover, vitamin D has 
little side effects en we have found no serious adverse events after treatment of asthma patients 
with high dose oral vitamin D. Whether vitamin D could improve long term asthma control and 
prevent exacerbations needs to be established.  

Future directions
In this thesis, we have presented our results regarding adult-onset, eosinophilic asthma. We have 
described the clinical profile of patients with this condition, in which we have emphasized the 
severity, lung function abnormalities and specific co-morbidity. But like every research result, 
our results also provide new questions to be answered. Besides the clinical profile, many other 
aspects of adult-onset, eosinophilic asthma are to be clarified. At this point, the pathophysiological 
mechanism underneath this phenotype is unknown. We have described 2 eosinophilic pathways 
in chapter 2: the Th2-pathway and the ILC2-pathway. It is however highly probable that even more 
pathways towards eosinophilic inflammation are to be found in the future. Different endotypes, 
subtypes of a disease, defined by a distinct functional or pathobiological mechanism 34, within the 
phenotype of adult-onset, eosinophilic asthma need to be further explored. 

We have described that atopy was not related to eosinophilia in our cohort of adult-onset asthma. 
Other triggers that might cause the onset and continuation of this disease need to be further 
explored. A known theory describes the presence of superantigens, in low-grade infectious 
agents, like colonization with s. aureus. Other possible infectious conditions have not been 
investigated in adult-onset eosinophilic asthma. Taking cultures and measuring antibody titers 
might be helpful determining whether infections could play a role. Other possible triggers like 
air pollution and workplace exposure should also be further explored. Unlike childhood-onset 
atopic asthma, there is no clear genetic predisposition found for adult-onset asthma. However, 
it is not inconceivable that genetic involvement plays a role in the development of adult-onset 
eosinophilic asthma, possibly as the basis of a multi-hit model. 

For a better understanding of the adult-onset eosinophilic asthma phenotype, prospective follow-
up studies are needed. It will be interesting to follow these patients for prolonged periods of time. 
This will help to answer several questions. Are there any predictors of a more severe course of 
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the disease? What is the remission rate of adult-onset eosinophilic asthma? Does eosinophilic 
sinonasal and small airways involvement, as described in our chapter 3, exist from baseline or 
does it develop after a certain period of time? Prospective studies will also enable an in-depth 
investigation of pathophysiological mechanisms underneath this condition.

One other factor that may influence eosinophilic asthma and that needs to be discussed here, is 
vitamin D. Vitamin D deficiency has been related to worse asthma control and a higher exacerbation 
rate. Further, vitamin D is shown to lower exacerbation rate when used in addition to inhaled 
corticosteroids. In our study, we found that treatment with high dose vitamin D could reduce 
sputum eosinophils in patients with high baseline levels of sputum eosinophils (chapter 6). This 
could indicate that vitamin D also has a down-regulating role in the development of eosinophilic 
airway inflammation. Proposed mechanisms include the enhancement of the immune response 
against microbial agents by vitamin D and thereby reducing activation of the ILC2-pathway or an 
increase in steroid sensitivity with vitamin D. Vitamin D receptor polymorphisms are associated with 
asthma susceptibility 35. Whether vitamin D deficiency is also involved in the initial development 
of adult-onset, eosinophilic asthma needs to be further explored.

More long-term clinical studies with vitamin D in large cohorts of patients with eosinophilic 
asthma are needed to confirm the beneficial effect on sputum eosinophilia on the long run, with 
hopefully better asthma control and a lower exacerbation rate. Further, larger numbers of patients 
will enable subgroup analyses, to identify possible predictors of a favorable response to vitamin D. 
The presence of specific infections or a specific cytokine profile in the group of responders might 
in turn help to clarify the mechanism beneath the relationship between asthma and vitamin D. 
So far, only few randomized controlled trials have been performed with vitamin D in asthma, but 
the favorable safety profile and the low cost, make it a promising possible treatment option, well 
worth to further explore.

In the past years, several very promising new agents are being developed as treatment options in 
severe eosinophilic asthma. As mentioned before, therapy directed at IgE (omalizumab) is available 
and agents targeting IL-4R-alpha, IL-5, IL-13, CRTH2, TSLP, IL-25 and IL-33 are to be expected in the 
upcoming years. Mepolizumab, an IL-5 blocking agent, is already available in some countries. 
These new agents are a great source for new research. Long-term effects are to be studied in the 
next years, but more importantly, the specific indications for every agent needs to be established. 
At this point, the high costs of the new agents, that are to be used in a relatively small patient 
group, are a major drawback. That makes it even more important to assign the therapy with the 
highest chance of success to the right asthma patient, thereby providing precision medical care 36. 
 This will require high quality clinical studies in which agents are compared with placebo and with 
each other. Disentangling the precise underlying mechanism in adult-onset eosinophilic asthma 
is indeed critical to deliver the right medicine to the right patient.

7. Summary and General discussion
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Further research should also focus on further defining the different asthma phenotypes. Several 
specific phenotypes have been described next to the adult-onset eosinophilic asthma described 
in this thesis. However, not every patient complies with the entire phenotype. In our study, not 
every patient with adult-onset eosinophilic asthma, exhibits small airways involvement or sinonasal 
disease. Therefore it is probable that asthma phenotypes are composed of several endotypes 34, 
each representing a specific molecular pathway. One of the most promising approaches to identify 
such endotypes is systems medicine. Systems medicine integrates clinical and experimental data 
by means if bioinformatics and mathematical modeling. Recently, several consortia such as the 
U-BIOPRED cohort have been attempting to apply systems medicine to large asthma cohorts 37, 38. 
 Whether this method of phenotyping will lead to more accurately predicting the response to 
targeted therapy with agents like anti-IL-5 remains to be investigated. 

Another concept is to tailor therapy to the needs of individual patients based on their clinical or 
functional characteristics or underlying pathobiological mechanisms. These various characteristics 
can be described as treatable traits 39. With this approach, a list of signs, symptoms and 
characteristics is established for each patient. A tailored therapeutic approach directed against 
each specific trait of that patient allows for precision medicine for every individual asthma patient. 
This concept of treatable traits seems very promising for severe asthma patients, but needs to be 
evaluated in clinical studies. 

 
Conclusion
In this thesis the asthma phenotype of adult-onset, eosinophilic asthma has been discussed. We 
conclude that this phenotype shows typical clinical characteristics, of which the most striking 
features are resistance to standard inhaled asthma medications, less asthma control, more lung 
function abnormalities and more polypous sinonasal disease as compared to other asthma 
phenotypes. This makes adult-onset eosinophilic asthma a more severe asthma phenotype that 
requires detailed examination and specific, targeted therapy. Although many questions regarding 
this condition remain to be answered, it seems that this group of patients will benefit the most 
from new treatment options like biologicals. 
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Nederlandse samenvatting
Astma wordt steeds minder beschouwd als één enkele ziekte. In de laatste decennia wordt 
astma steeds vaker gezien als een verzameling van klinische syndromen met overeenkomstige 
respiratoire symptomen en longfunctie afwijkingen, geassocieerd met verschillende soorten 
luchtweg inflammatie. Deze syndromen worden ook wel astma fenotypes genoemd. Het veruit 
bekendste fenotype betreft patiënten met astma welke op kinderleeftijd is ontstaan, vaak mild 
verloopt en gepaard gaat met atopie. Echter, patiënten met het minder bekende, op volwassen 
leeftijd ontstane astma, zogenaamd laat astma, hebben vaak een ernstiger beloop van hun ziekte, 
met snellere achteruitgang van de longfunctie en vaker blijvende luchtweg obstructie. Dit type 
astma is minder gerelateerd aan atopie. 

Bijna alle patiënten vertonen enige mate van luchtweginflammatie. Het type en de intensiteit van 
deze luchtweg inflammatie kan echter variëren tussen verschillende astma subtypes. Eosinofilie, 
met name eosinofiele luchtweg inflammatie ondanks behandeling met corticosteroïden, wordt 
geassocieerd met ernstigere ziekte met meer longfunctie afwijkingen. Dit proefschrift is gericht 
op verschillende astma fenotypes, maar richt zich met name op het late, eosinofiele astma 
fenotype, vanwege de mogelijke ernst van deze aandoening en de aankomende behandelopties 
in eosinofiel astma. 

We hebben een cohort samengesteld van 186 patiënten met laat astma, om klinische, functionele 
en inflammatoire karakteristieken van dit specifieke astma fenotype te onderzoeken. Voor het 
onderzoek werd ons cohort samengevoegd met patiënten uit 2 andere laat astma cohorten. 
Dit gaf ons de mogelijkheid om met meer zekerheid vragen te kunnen beantwoorden over 
verschillende astma subtypes. In dit hoofdstuk wordt een samenvatting gegeven van de 
resultaten van onze studies. 

Hoofdstuk 2
In de laatste decennia zijn er veel onderzoeken verricht naar fenotypering van astma. Cluster 
analyses en andere klinische studies hebben specifieke astma subtypes geïdentificeerd met elk 
specifieke karakteristieken. Hoofdstuk twee geeft een overzicht van de literatuur betreffende 
eosinofiel astma en implicaties voor toekomstige behandeling. Na een kort overzicht van de 
evoluerende concepten van de rol van de eosinofiel in astma, worden verschillende aspecten van 
eosinofiel astma besproken. De moleculaire aspecten van eosinofiel astma worden beschreven, 
zoals de bekendste Th2-route en de meer recent geïdentificeerde ILC2-route. Typische klinische 
karakteristieken van patiënten met eosinofiel astma worden beschreven en behandelopties 
worden besproken. Tot slot wordt aandacht besteed aan de zogenaamde ‘biologicals’; monoklonale 
antilichamen gericht tegen diverse mediatoren in eosinofiele luchtweg inflammatie. 

Dit review benadrukt het belang van de identificatie van patiënten met dit astma fenotype en 
belicht de implicaties voor de behandeling van deze ziekte.  

8. Nederlandse samenvatting



Processed on: 30-11-2016Processed on: 30-11-2016Processed on: 30-11-2016Processed on: 30-11-2016

506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot506779-L-sub01-bw-de Groot

 11   

Hoofdstuk 3
Na het overzicht van de literatuur over eosinofiel astma uit hoofdstuk 2, streefden we er naar 
een duidelijk klinisch profiel van de patiënt met laat, eosinofiel astma samen te stellen, welke 
beschreven wordt in hoofdstuk 3. Eerdere studies suggereerden reeds dat dit fenotype specifieke 
karakteristieken toont, maar het werd niet eerder systematisch onderzocht. Wij verrichtten daarom 
een uitgebreide analyse van alle patiënt karakteristieken in ons grote cohort met patiënten met 
laat astma. 

In het totale cohort werden patiënten met laat, eosinofiel astma (eosinofielen in bloed ≥ 0.3*109/
l) vergeleken met patiënten met laat, niet-eosinofiel astma  (eosinofielen in bloed < 0.3*109/l) met 
betrekking tot demografische kenmerken, respiratoire allergie, aspirine intolerantie, rookstatus, 
co-morbiditeit (obesitas, reflux, neusbijholte problematiek), ernst van de ziekte (exacerbaties, 
hoge corticosteroïd behoefte) en longfunctie (spirometrie, persisterende obstructie, kleine 
luchtweg betrokkenheid). Dit leverde een complete beschrijving van het fenotype op: Patiënten 
met laat, eosinofiel astma waren vaker man en hadden vaker ernstige exacerbaties ondanks het 
gebruik van hogere doseringen anti-inflammatoire medicatie. Ook hadden ze vaker longfunctie 
afwijkingen, zoals blijvende luchtweg obstructie en ‘air trapping’ (betrokkenheid van de kleine 
luchtwegen, waardoor niet volledig kan worden uitgeademd). Tevens toonden deze patiënten 
meer neusbijholte problematiek, zoals blijkt uit meer afwijkingen op de CT-sinus (CT-scan van de 
neusbijholten) en het vaker voorkomen van neuspoliepen.

Elke arts die betrokken is bij de zorg voor astma patiënten zou op de hoogte moeten zijn van 
deze kenmerken van laat, eosinofiel astma. Het ondersteunt niet alleen de keuze voor de beste 
behandeloptie, maar het wijst clinici ook op potentiële typische co-morbiditeit die behandeld 
moet worden en waarschuwt voor een mogelijk slechtere prognose.

Hoofdstuk 4
In hoofdstuk 4 hebben we de ernst van astma in patiënten met laat astma nader onderzocht. Laat 
astma wordt beschreven als apart fenotype, maar niet alle patiënten tonen tekenen van ernstige 
ziekte. In dit hoofdstuk beschrijven we de klinische en inflammatoire kenmerken die patiënten 
met ernstig laat astma onderscheiden van patiënten met mildere vormen van laat astma. 

In deze studie werden 176 patiënten met laat astma onderzocht. Patiënten met ernstig refractair 
astma (zoals gedefinieerd door internationale criteria opgesteld door het Innovative Medicines 
Initiative) werden vergeleken met patiënten met mild-matig persisterend astma, met betrekking 
tot klinische, functionele en inflammatoire parameters. Daarna werden univariate en multivariate 
regressie analyses verricht om te bepalen welke factoren geassocieerd waren met ernstige 
ziekte. 

Zoals verwacht hadden patiënten met ernstig laat astma meer symptomen, een slechtere kwaliteit 
van leven, meer behoefte aan intensievere therapie, slechtere longfunctie en vaker exacerbaties 
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in vergelijking met patiënten met mild-matig laat astma. Patiënten met ernstig laat astma hadden 
ook minder atopie (48% vs 66%, p=0.02) en vaker neuspoliepen (54% vs 27%, p<0.001) dan 
patiënten met mild-matig laat astma. Wat betreft inflammatie werden hogere waarden gevonden 
van stikstofoxide in uitademingslucht (38 vs 27 ppb, p=0.02), hogere aantallen neutrofielen in 
bloed (5.3 vs 4.0*109/L, p<0.001) en vaker sputum eosinofilie (11.8% vs 0.8%, p<0.001) in de groep 
met ernstig laat astma in vergelijking met mild-matig laat astma. Multipele regressie analyse 
leerde ons dat de hogere aantallen neutrofielen in bloed (OR 10.9, p=0.002) en eosinofielen in 
sputum (OR 1.5, p=0.005) onafhankelijk geassocieerd waren met ernstig laat astma. 

Hoofdstuk 5
Hoofdstuk 3 en 4 beschreven dat laat astma vaak ernstiger is in astma patiënten met eosinofilie 
en dat patiënten met dit astma fenotype een hogere kans hebben op ernstige exacerbaties. Een 
essentiële stap is het identificeren van de patiënten met laat, eosinofiel astma die het meeste risico 
lopen op zo’n exacerbatie, zodat hun behandeling geoptimaliseerd kan worden met hopelijk een 
reductie in het aantal exacerbaties.

In hoofdstuk 5 onderzochten we patiënten met laat astma met sputum eosinofilie (sputum 
eosinofielen ≥ 3%) ondanks inhalatie of orale corticosteroïden. Patiënten met een hoog aantal 
exacerbaties per jaar (≥ 2/jaar) werden vergeleken met patiënten met een laag aantal exacerbaties 
per jaar (<2/jaar). De relatie tussen het aantal exacerbaties en diverse inflammatoire parameters 
(eosinofielen in bloed en sputum, stikstofoxide in uitademingslucht), centrale en perifere 
luchtwegafwijkingen (spirometrie, lichaamsplethysmografie) en  neusbijholte betrokkenheid 
(SNOT vragenlijst, CT-sinus, endoscopie van de neus) werd bepaald.

Het onderzoek toonde dat hoge aantallen eosinofielen in bloed en sputum, hoger stikstofoxide 
in uitademingslucht, een lagere 1 seconde waarde bij spirometrie en meer gefixeerde 
luchtwegobstructie, meer air trapping, hogere CT-sinus scores en meer afwijkende bevindingen 
bij endoscopie van de neus allen geassocieerd waren met een hoger aantal exacerbaties bij 
patiënten met laat, eosinofiel astma. Multipele lineaire regressie analyse toonde dat een hogere 
CT-sinus score (B=0.295, p=0.050) en air trapping weergegeven als RV/TLC-ratio (B=0.280, 
p=0.048) onafhankelijk gerelateerd waren aan een hoger aantal exacerbaties.

Hoofdstuk 6
Ondanks dat de meeste patiënten met eosinofiel astma gunstig reageren op behandeling met 
corticosteroïden, is er behoefte aan alternatieve therapieën voor patiënten die hier minder of niet 
op reageren en aan behandelopties met minder bijwerkingen dan corticosteroïden. Meerdere 
studies suggereren dat een laag gehalte vitamine D in het lichaam gerelateerd is aan slechte 
controle van astma en een toename van het aantal exacerbaties. Er wordt gedacht dat vitamine 
D een rol speelt in de immuun respons tegen infecties en dat vitamine D de gevoeligheid voor 
corticosteroïden zou kunnen verbeteren. Deze mogelijke mechanismen suggereren dat vitamine 
D veelbelovend zou kunnen zijn in de behandeling van astma. 

8. Nederlandse samenvatting
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Dit hoofdstuk beschrijft een gerandomiseerde, dubbel blinde, placebo-gecontroleerde studie die 
het effect van een hoge, orale dosis vitamine D (400.000 EH) op luchtweg inflammatie onderzoekt. 
Er werden 44 patiënten met niet-atopisch astma en neutrofiele (neutrofielen in sputum ≥ 53%) 
en/of eosinofiele (eosinofielen in sputum ≥ 3%) luchtweg inflammatie geïncludeerd. Sputum 
inductie werd verricht bij de start van het onderzoek en na 9 weken. Andere metingen betroffen 
vragenlijsten, bloed afnamen en longfunctieonderzoek. 

In de totale groep werd er geen effect gezien van vitamine D op het percentage eosinofielen 
of neutrofielen in het sputum. Het effect van vitamine D op het percentage eosinofielen in het 
sputum bleek echter afhankelijk te zijn van het percentage eosinofielen aan de start van het 
onderzoek. Verdere evaluatie in de groep met een hoog percentage eosinofielen in sputum aan 
de start van de studie (≥ 26.2%, de mediaan van alle patiënten met sputum eosinofilie), toonde 
een reductie in de eosinofiele luchtweg inflammatie na behandeling met vitamine D. Wat betreft 
secundaire uitkomsten was er een trend te zien naar verbetering van de astma controle na 
behandeling met vitamine D in de totale groep van 44 patiënten.
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Dankwoord 
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Dankwoord
Toen ik begon aan het onderzoek in dit proefschrift, had ik niet kunnen bedenken hoe 
mijn loopbaan er in 2017 uit zou zien. Voor mij is dit een moment om terug te kijken 
op de afgelopen jaren, maar vooral ook op mijn tijd bij de longziekten. Ik neem nu 
immers echt afscheid van mijn tijd als longarts. Ik ben erg dankbaar voor alle mooie 
momenten in mijn ‘long-tijd’ en voor alle steun en hulp die ik bij de totstandkoming van 
dit proefschrift heb mogen ontvangen. Hieronder wil ik graag een aantal mensen in het 
bijzonder bedanken:

Als eerste natuurlijk alle patiënten die hebben willen meewerken aan mijn onderzoek. 
Dank voor de tijd die u heeft willen nemen en de moeite die u heeft willen doen. Niet elk 
onderzoek was even prettig, maar toch was het enthousiasme meestal groot. Dit heeft 
er voor gezorgd dat het doen van alle metingen vaak leuk, gezellig en motiverend was. 

Prof. Bel, Liesbeth: Bedankt voor al je adviezen en kritische vragen. Ik heb veel geleerd van 
de manier waarop je kijkt naar artikelen en hoe je het schrijven van een artikel aanpakt. 
Jouw hulp heeft de kwaliteit van de artikelen in dit proefschrift enorm verbeterd. De 
afstand maakte het soms lastig, maar ik kijk met plezier terug op het samenwerken in 
Zwolle en het AMC en jouw enthousiasme als je aan een stuk schrijft.

Dr. ten Brinke, Anneke: Ik kan ronduit zeggen dat ik dit proefschrift zonder jou 
waarschijnlijk nooit had afgerond. Ik vind je niet alleen een geweldige opleider, maar ook 
een fijne begeleider tijdens dit project. Ik heb een enorme bewondering voor je inzet en 
enthousiasme en je was vaak de drijvende kracht achter mijn motivatie. Van uitleg over 
statistiek tot steun en bemoedigende woorden; dank je wel voor alles. Hopelijk vinden 
we toch af en toe nog de weg naar leuke restaurantjes in Zwolle.

Leden van de promotie commissie: Bedankt voor de tijd en moeite die u heeft willen 
doen om mijn manuscript te beoordelen. Het is een eer dit werk tegenover u te mogen 
verdedigen. 

Mijn paranimfen: Esther Westen, mijn lieve vriendin sinds onze tijd aan de Churchilllaan. 
Dank voor je steun bij het schrijven van dit proefschrift, maar ook voor je vriendschap. Ik 
ken niemand die attenter is dan jij en ik ben blij dat je me bijstaat tijdens de verdediging. 
Marijke Amelink, mijn leuke collega in Leeuwarden, luisterend oor helemaal in het 
AMC en gezellige reisgenoot naar congressen. Ik bewonder je bevlogenheid en heb er 
vertrouwen in dat je nog ver zult komen in ‘astma-land’. 

Collega’s van de longfunctieafdeling: dank voor jullie enthousiasme en inzet. Jullie hebben 
enorm veel Panama-werk verzet, ondanks dat het soms wat laat door mij aangekondigd 
werd. Vooral Tessa moet ik natuurlijk bedanken voor de hulp bij het opzetten van de 
sputum inductie. Maar ook de anderen wil ik heel erg bedanken.

Dankwoord
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De analisten van de beenmergcytologie en van de flowcytometrie: Bedankt voor het 
analyseren van alle sputum samples. Vooral Jisk en Frits wil ik bedanken voor de hulp en 
de flexibiliteit. Soms wist ik pas last minute of er iets was, maar bij jullie was dat nooit een 
probleem. En het was fijn om met iemand mijn enthousiasme over een ‘mooi sputum’ 
te kunnen delen. 

Alle anderen die inhoudelijk hebben bijgedragen aan dit proefschrift: Huib Storm, 
dank voor je adviezen en hulp t.a.v. de sputum bepalingen en andere laboratorium 
onderzoeken. Erik van Roon, bedankt voor alle hulp t.a.v. de vitamine D vraagstukken. De 
KNO-artsen: Edwin Eichhorn en Robin Plaat, bedankt voor het zien van zoveel patiënten 
elke week. Nic Veeger, bedankt voor de diverse dagdelen die we hebben besteed aan 
de statistiek. 

Collega’s in het MCL: Bennie, Romke, Marieke, Marten, Alinda, Akke-Nynke, Ivonne, Gea, 
Gea en Willemien, dank voor de geweldige tijd die we samen hebben gehad; niet alleen 
tijdens mijn onderzoeksjaren, maar ook in de rest van de opleiding. Zonder jullie was de 
tijd in Leeuwarden niet zo interessant, gezellig, leerzaam en leuk geweest. Longartsen: 
Bedankt voor jullie hulp bij mijn onderzoek. Het was fijn dat jullie er regelmatig aan 
dachten patiënten aan te melden als mogelijke kandidaat. En natuurlijk heb ik ook 
dankzij jullie een mooie tijd in het MCL gehad.

Collega’s op andere plekken: Collega’s in het AMC, bedankt voor jullie hulp als ik ergens 
vanuit Leeuwarden niet uit kwam. Het was fijn jullie als hulplijn te hebben. Natuurlijk wil 
ik hier ook Selma en Guus in het bijzonder noemen. Bedankt aan de collega’s die mij een 
luisterend oor hebben geboden in het Diakonessenhuis te Utrecht. En ondanks dat mijn 
onderzoek weinig met de anesthesie te maken heeft, was de steun die ik van diverse 
collega aios anesthesie mocht ontvangen zeer welkom. Als laatste wil ik hier mijn nieuwe 
opleiders graag bedanken voor de ruimte die ik gekregen heb om dit proefschrift af te 
ronden. 

Lieve vrienden en vriendinnen: Van Groningen tot Roermond, van Amsterdam tot 
Nijmegen; wat is het heerlijk om overal fijne vrienden te hebben. Bedankt voor alle 
aanmoedigingen en interesse die ik tijdens mijn onderzoek heb mogen ontvangen, 
maar vooral ook voor alle gezelligheid. Gelukkig is er nu weer meer tijd om af te spreken.
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Bert en Annet: dank voor jullie interesse en steun bij mijn onderzoek. Michiel en Marjan, 
ook van jullie heb ik veel steun gekregen. Ik ben blij met jullie zo dicht in de buurt.

Papa en mama: Bedankt voor jullie onvoorwaardelijke steun. Jullie hebben altijd achter 
me gestaan in de keuzes die ik heb gemaakt, ook al betekende dat wel eens dat er 
weinig tijd overbleef om af te spreken. Na de enorm spannende tijd die we hebben 
gehad, was het fijn aan jullie allebei te kunnen vertellen dat mijn proefschrift af is en ik 
hoop dat we samen nog vele mijlpalen gaan meemaken.

Mark, lief: ik ben jou dankbaar voor zoveel dingen. Van hulp bij computerproblemen, tot 
steun bij de moeilijkste beslissing uit mijn carrière; ik ben blij dat je er altijd voor me was. 
Maar vooral ben ik je dankbaar voor al die dingen die niets met werk te maken hebben. 
Jij maakt me gelukkig. Ik hou van jou.

Dankwoord
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Curriculum Vitae
Christa de Groot werd geboren op 31 maart 1978 te Haarlem. In 1996 behaalde zij haar VWO 
diploma aan het Linnaeus College Haarlem en aansluitend startte zij met de studie geneeskunde 
aan de  Vrije Universiteit in Amsterdam. Tijdens deze studie was zij onder andere actief als student 
assistent bij de afdeling anatomie, waar zij ook haar wetenschappelijke stage voltooide. Christa 
haalde haar artsenbul cum laude in 2003. 

Na de geneeskunde studie begon zij als AGNIO interne geneeskunde, cardiologie en longziekten 
in het Martini ziekenhuis te Groningen. Hierna startte zij op 1 april 2005 met de opleiding tot 
longarts in het medisch centrum Leeuwarden. Deze opleiding werd onderbroken om te starten 
met het onderzoek dat geleid heeft tot dit proefschrift . De opleiding werd afgerond op 1 april 
2013, waarna zij tot 2015 als longarts in het Diakonessenhuis in Utrecht werkte.  

Op dit moment volgt Christa de opleiding tot anesthesioloog aan het Radboud umc en werkt zij 
als aios anesthesiologie in het Elisabeth-TweeSteden Ziekenhuis in Tilburg. Zij woont samen met 
Mark ter Laan in Heilig Landstichting.

Curriculum Vitae
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Portfolio

Portfolio
Courses and seminars
Lung Amsterdam, symposium     2010
Ernstig astma from bench to bedside, Davos    2010
Good Clinical Practice Leeuwarden    2010
Teach the teacher      2012

Presentations 
• Poster presentation,  American Thoracic Society 2009, San Diego,       

Exhaled Nitric Oxide as a Marker of Airway Inflammation in Patients 
with Autoimmune Hyperthyroidism”

• Poster presentation,  American Thoracic Society 2011, Denver,           
“Differences between Male and Female Non-atopic Asthma Patients”

• Oral presentation, European Respiratory Society 2011, Amsterdam           
“Inflammatory Subtypes of Non-Atopic Asthma”

• Workshop “monitoring ernstig astma”  
Op de hoogte van astma, van uncontrolled tot ernstig astma, maart 2012, Davos

• Oral presentation, American Thoracic Society 2012, San Francisco           
“Eosinophilia in Non-atopic Asthma is Associated with Air Trapping”

• Poster presentation with discussion, European Respiratory Society 2012, Vienna           
“The Effect of a Single High Dose of Vitamin D on Neutrophilic Airway Inflammation 
in Non-Atopic Asthma”

• Workshop, “diagnostiek en monitoring van ernstig asthma”  
Op de hoogte van astma, van uncontrolled tot ernstig astma, maart 2013, Davos

• Presentation  “United airways”
Huisartsen nascholing, Hooikoorts en luchtwegallergie, juni 2013, Utrecht

• Abstract,  American Thoracic Society 2014, San Diego           
“The Effect of Vitamin D On Airway Inflammation in Non-Atopic Asthma”

• Abstract, American Thoracic Society 2014, San Diego           
“Identification of Three Subtypes of Non-Atopic Asthma Using Exhald 
Breath Analysis by Electronic Nose”

 
 
Conferences
Post-EAACI      2009
International conference ERS     2010, 2011, 2012, 2013
International conference ATS     2009, 2011, 2012
Netherlands respiratory society    2010, 2011
Medical centre Leeuwarden research symposium  2012, 2013, 2014
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Publications
• Three phenotypes o  adult onset asthma
  Amelink M, de Nijs SB, de Groot JC, van Tilburg PM, van Spiegel PI, 
  Krouwels FH, Lutter R, Zwinderman AH, Weersink EJ, ten Brinke A, Sterk PJ, Bel EH.
  Allergy 2013; 68(5):674-80
 
• Severe adult onset asthma  A distinct phenotype
  Amelink M, de Groot JC, de Nijs SB, Lutter R, Zwinderman AH, Sterk PJ, ten Brinke A, Bel EH.
  J Allergy Clin Immunol 2013; 132(2):336-41
 
• Vitamin D reduces eosinophilic airway in ammation in nonatopic asthma
  de Groot JC, van Roon EN, Storm H, Veeger NJ, Zwinderman AH, Hiemstra PS, 
  Bel EH, ten Brinke A.
  J Allergy Clin Immunol 2015; 135(3):670-5.e3
 
• anagement o  the patient with eosinophilic asthma  a new era begins  
  de Groot JC, ten Brinke A, Bel EHD 
  ERJ Open Res 2015; 1: 00024-2015
 
• iomarkers to identi y sputum eosinophilia in di erent adult asthma phenotypes
  Westerhof GA, Korevaar DA, Amelink M, de Nijs SB, de Groot JC, Wang J, Weersink EJ, 
  ten Brinke A, Bossuyt PM, Bel EH.
  Eur Respir J 2015; 46(3):688-96
 
• Risk actors or re uent severe e acerbations in late onset eosinophilic asthma
  de Groot JC, Amelink M, de Nijs SB, Plaat R, Reitsma BH, Storm H, Bel EH, Ten Brinke A.
  Am J Respir Crit Care Med 2015; 192(7):899-902
 
• linical pro le o  patients with adult onset eosinophilic asthma
  de Groot JC, Storm H, Amelink M, de Nijs SB, Eichhorn E, Reitsma BH, Bel EHD, ten Brinke A
  ERJ Open Res 2016; 2:00100-2015
 
• Predictors o  re uent e acerbations in e smoking and never smoking 
  adults with severe asthma.
  Westerhof GA, de Groot JC, Amelink M, de Nijs SB, Ten Brinke A, Weersink EJ, Bel EH.
  Respir Med 2016; 118:122-7
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