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Introduction. 

Asthma is one of the most common chronic diseases in childhood, with a major 

impact on daily functioning and quality of life of children.1 The goal of asthma 

treatment in children is to reduce asthma symptoms and exacerbations and 

limitations of daily activities so affected children can lead a normal life. The 

degree to which the clinical manifestations of asthma can be reduced by 

treatment has been coined “asthma control”. All international asthma 

guidelines nowadays focus on achieving complete asthma control as the goal of 

asthma treatment. Complete asthma control means that children are able to 

attend school without absence due to their asthma, participate in sporting 

activities and play without any limitations, do not have troublesome nocturnal 

symptoms, little if any use of reliever medication and no asthma 

exacerbations.2,3 Key success factors in achieving asthma control include 

extensive self-management education and correct use of inhaled medication.4-6 

The two main categories of inhaled medications in asthma are symptom 

relievers or bronchodilators such as salbutamol and preventers or daily 

controller drugs such as inhaled corticosteroids (ICS). In clinical studies of 

children with asthma, complete asthma control can be achieved in almost all 

patients by regular daily treatment with a low to moderate dose of ICS.3,7 

In daily life, however, complete asthma control is much more difficult to 

achieve in children who have been prescribed ICS. In real life surveys of children 

with asthma, poor asthma control is common in many children with asthma 

despite ICS treatment.8-10  The term problematic severe asthma is being used to 

describe the disease in children who are referred to specialist care because their 

asthma does not respond to treatment.11 It has been shown that asthma control 

can be achieved in these patients by ensuring correct inhalation technique and 

improving adherence.11 When asthma remains incompletely controlled despite 

good adherence and good inhalation technique comorbid medical conditions 

should be considered as maintaining factors in uncontrolled or problematic 

severe asthma.11,12 

 

Definition of comorbidities in asthma. 

The definition of comorbidity is broad. There is no agreement, however, on the 

meaning of the term, and related constructs, such as multimorbidity, morbidity 

burden, and patient complexity, are not well conceptualized.13 Comorbidity is 
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associated with worse health outcomes, more complex clinical management, 

and increased health care costs.13 

For the purpose of the studies described in this thesis, we defined 

comorbidity of childhood asthma as a coexisting medical condition or disease 

processes that is additional to the initial diagnosis of asthma, and has a negative 

impact on asthma control.14 When a patient with asthma has a broken leg, this 

can be considered as a comorbidity, but in it does not influence asthma control 

and cannot be considered to be the cause of uncontrolled asthma. In our 

definition comorbidities are conditions with an impact on asthma control. 

 

Viral respiratory tract infections 

 

Using the above definition viral upper respiratory tract infections should be 

considered as a comorbidity in asthma. As most clinicians and patients 

experience in daily practice, viral upper respiratory tract infections are 

associated with asthma exacerbations in childhood asthma. This association has 

been confirmed by studies in which association between viral respiratory tract 

infections and reduced asthma control has been well documented.15,16 In more 

than 90% of exacerbations, a viral agent has been identified as the main 

triggering factor for the exacerbation, with human rhinovirus as the most 

frequently identified causative agent.15,17 There seems to be a synergism 

between allergic inflammation and viral infection, but the involved 

pathophysiological mechanisms are yet to be fully established.15 The role of 

other triggering and protective agents is unclear at present. The challenge is to 

find a treatment or prevention for these viral infections, in particular those with 

human rhinovirus15 to help prevent asthma exacerbations. However, at present 

no such preventive treatment is available. Immunizing children with asthma 

against influenza virus did not change their asthma exacerbation rate.18 No 

other interventions that can prevent or successfully treat viral respiratory tract 

infections have been described in the literature.  Therefore they are not 

included in this thesis on comorbidities in asthma. 
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The existing literature on comorbidity in asthma 

 

Comorbidity in asthma has received relatively little attention in the literature. 

Most studies have focused on adults. The most commonly described 

comorbidities in adults with asthma include obesity, gastro-oesophageal reflux, 

dysfunctional breathing and mental disorders. These are considered to either 

have a direct negative effect on asthma control, or to be the consequence of the 

underlying asthma. Treatment or prevention of these comorbidities is thought 

to be useful to improve asthma control.19-23 

 

Comorbidities in childhood asthma; is it a problem? 

 

Given the reality that the comorbidities of asthma reported in adults are also 

common in the paediatric age range, it is striking that very few reports have 

addressed the prevalence of these comorbidities in children with asthma, and 

that their effect on asthma control in children has hardly ever been studied. 

Because comorbidities by definition imply more complicated clinical 

management they are associated with increased health care costs. Conversely, 

properly identifying and treating comorbidities may therefore not only decrease 

morbidity in children with asthma but may also reduce healthcare costs13,24,25, 

reduce work and school absence and decrease prescription of medication by 

health care professionals. The potential relevance of identifying and treating 

comorbidity in children with asthma therefore exceeds individual benefit to the 

patient. 

 

In the following section a brief summary of the paediatric literature will be 

provided on disorders which have been described as comorbidities in adults 

with asthma. 

 

Allergic rhinitis 

 

Asthma and allergic rhinitis are likely to coexist because of the similarities in 

anatomy, physiology and immunopathology between the two disorders.26  

There is a shared immunological pathogenesis trough the nasal-bronchial reflex 

and sensitization to aeroallergens and nasal challenge with a chemical stimuli 

leads to bronchoconstriction.27 Epidemiologic studies have shown a strong co-
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occurrence with a prevalence of allergic rhinitis in children with asthma ranging 

from 60% to 80%.28,29 Management of both conditions with similar treatments, 

including antihistamine-containing therapies that may ameliorate allergic 

rhinitis and also potentially help alleviate asthma symptoms, may improve both 

diseases.30,31  

 

Psychiatric/mental disorders 

 

In adults several reports have shown an association between asthma and 

psychiatric or mental disorders. The literature in paediatric asthma patients is 

scanty suggesting either low prevalence or underdiagnoses. Depression and 

anxiety disorders in children may go unrecognised and undertreated.32 It has 

been shown that higher trait anxiety is associated with increased perception of 

asthma symptoms in children.33 Conversely, poor perception of asthma 

symptoms may play a role in undertreated and therefore uncontrolled asthma 

in children.33 

 

Dysfunctional breathing 

 

Dysfunctional breathing is defined as chronic or recurrent changes in breathing, 

causing respiratory and non-respiratory complaints.34 Two forms of 

dysfunctional breathing can be distinguished: thoracic and extra-thoracic 

dysfunctional breathing. The former is characterized by alterations in the 

pattern of respiratory muscle activity pattern (pattern disordered breathing), 

resulting in a disordered pattern of breathing or hyperventilation. Extra-thoracic 

dysfunctional breathing is associated with upper airway problems such as vocal 

cord dysfunction in addition to pattern disordered breathing.35  We were unable 

to find any paediatric literature on dysfunctional breathing in children. 

 

Addressing comorbidities in asthma; does it help? 

 

Because comorbidities are believed to have an influence on asthma morbidity 

and asthma control, treating them should result in improved asthma control. 

This has been the subject of several studies. 
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Allergic rhinitis: 

 

Treatment of allergic rhinitis in adults was associated with a reduced risk of 

asthma-related emergency room treatments and hospitalisations.23,26 In 

children with asthma and allergic rhinitis there are more frequent emergency 

department visits and more hospitalisations than in children with asthma 

without allergic rhinitis.37 This suggests that treatment of allergic rhinitis in 

children may help to reduce asthma-related emergency room treatments and 

hospitalisations. In a study of children suffering from an asthma exacerbation, 

recovery of pulmonary function could take up to four weeks, and allergic rhinitis 

was identified as a significant factor affecting the recovery time.38 This 

observation suggests that treatment of allergic rhinitis could accelerate recovery 

of lung function after an asthma exacerbation in children. In a double-blind, 

randomized, placebo-controlled, parallel group study in children with exercise 

induced bronchoconstriction, treatment of allergic rhinitis with an intranasal 

corticosteroid reduced exercise induced bronchoconstriction.39 Although these 

results suggest that treatment of allergic rhinitis has an impact on asthma 

control, more evidence linking improvement of paediatric asthma control and 

treatment of allergic rhinitis is needed. 

  

Psychiatric/mental disorders: 

 

Although improving mental status could improve quality of life, and may have a 

direct or indirect impact on asthma control, no studies of sufficient quality could 

be identified. A meta-analysis on anxiety disorders in adults with chronic 

obstructive pulmonary disease did not find any studies with sufficient quality or 

sample size to draw any conclusions.40,41  

 

Dysfunctional breathing: 

 

Studies on treatment of dysfunctional breathing have only been published in 

adults. After a brief physiotherapy intervention in adults with dysfunctional 

breathing, improvement was seen in quality of life, and this improvement was 

maintained for six months after the intervention.21 Recently a Cochrane 

systematic review tried to identify studies for inclusion, but no suitable trials 

were found.42 Due to this lack of valid studies it is presently unknown whether 
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these interventions have an effect in treating dysfunctional breathing, and their 

impact on asthma control is also unknown.  

 

Aims of the studies in this thesis. 

 

Because data on comorbidities of asthma in children with asthma are scarce, 

and because comorbidities in adults with asthma play a role in asthma morbidity 

and asthma control, the aim of this thesis was to study the prevalence and 

importance of a number of comorbidities in children with asthma. 

In chapter one, we describe the results of a systematic review of the existing 

literature on comorbidities in children with asthma. 

Chapter two describes the results of a study in which we systematically 

screened children with asthma, followed up at our hospital-based secondary 

care paediatric asthma clinic, for the presence of allergic rhinitis, examined the 

relationship of allergic rhinitis and its treatment to asthma control in these 

children. 

Chapter three presents a narrative review on the diagnosis and treatment of 

dysfunctional breathing in children. 

In chapter four, we examine the prevalence of dysfunctional breathing in 

children with asthma, and its impact on asthma control. In chapter five, we 

describe the results of a study in which the prevalence of depression, anxiety 

and low self-esteem in children with asthma was assessed. 

Chapter six describes the results of a retrospective cohort study reviewing 

the medical records of all children, five to 17 years of age, referred to our 

hospital based paediatric asthma clinic at the Princess Amalia Children’s Centre, 

by their general practitioner because of uncontrolled asthma, to investigate the 

prevalence and importance of comorbidities in these patients with uncontrolled 

asthma. 

A general discussion of the findings of the studies in this thesis is presented 

in chapter seven. 
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Abstract 

Asthma in adults is associated with comorbidities such as obesity, gastro-

oesophageal reflux, dysfunctional breathing and mental disorders. Herein we 

provide an overview of the current state of evidence on these comorbidities in 

childhood asthma. The prevalence, known mechanisms and possible treatment 

options for each comorbid condition will be discussed. 

Obesity is an increasing health problem in children, but its relationship with 

asthma remains unclear. Allergic rhinitis is a very common comorbidity in 

asthma, both in children and in adults, but its effect on childhood asthma 

severity has not been studied. The prevalence and treatment options of 

dysfunctional breathing, a known comorbidity in adult asthma, have not yet 

been studied in paediatric asthma.  Food allergies appear to cause more severe 

reactions in patients with asthma. Depressive disorders are more prevalent in 

childhood asthma than in healthy children, but seems to be poorly recognized 

and treated in children. Although gastro-oesophageal reflux is commonly 

thought to be a comorbid disease complicating asthma, it remains uncertain 

whether treatment improves asthma control. 

In conclusion, knowledge of asthma comorbidities in childhood is sparse. 

Further studies are urgently needed to identify the prevalence, and, more 

importantly, the effects of these comorbidities and their treatment on the 

degree of asthma control in children.
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Introduction 

The guidelines on the diagnosis and management of asthma focus on achieving 

and maintaining asthma control as the key goal in asthma treatment.1,2 Asthma 

control can be defined as the extent to which various manifestations of asthma 

have been reduced or resolved by treatment.3  

In clinical studies of children with asthma, reported in guidelines and reviews, 

satisfactory asthma control can be achieved and maintained in most patients by 

regular treatment with inhaled corticosteroids (ICS).4,5 Large population-based 

surveys, however, consistently show that poor asthma control is common in 

many children with asthma despite ICS treatment.6-8 In the 17 years since the 

inception of the first international asthma guidelines, hospitalization rates, 

emergency department visits, and deaths from asthma have remained stable in 

the USA.9 The situation in Europe is more complex. Studies from Scandinavia 

between 1980 and 2000 have shown a decrease in asthma hospitalisation days 

and trend towards fewer admissions for childhood asthma.10-15 In Greece, 

however, hospitalisations for asthma increased during the same study period.16 

The reasons for this striking paradox between ICS efficacy in clinical trials and 

the ongoing morbidity in asthmatic children treated with ICS in daily practice 

remain largely unclear. Only recently have investigators started to explore its 

potential contributing factors. It appears that poor inhalation technique17, poor 

adherence to ICS18, and low parental expectations of the benefit of ICS 

treatment8,19 are associated with unsatisfactory asthma control despite ICS 

maintenance treatment. Conversely, correct inhalation technique and high 

adherence have been shown to contribute to achieving and maintaining good 

asthma control.17,20,21 Observational evidence suggests that control of exposure 

to environmental triggers such as tobacco smoke and relevant inhalant 

allergens2,20,22 and comprehensive, repeated education and ongoing follow-

up23,24 may help to improve asthma control. In fact, many children with 

“problematic severe asthma”25 can achieve complete asthma control by 

improving adherence and correct inhalation technique17, and by eliminating 

exposure to environmental triggers.20  

It seems likely, therefore, that achieving and maintaining asthma control 

should be possible in the large majority of children with asthma if a number of 

issues are consequently and comprehensively addressed in its management. 
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Although a considerable body of evidence is available on interventions to 

reduce exposure to environmental trigger factors, poor adherence to 

maintenance therapy and poor inhalation technique in children with 

asthma[23,26-33], the issue of comorbidities in childhood asthma and their 

influence on asthma control has received relatively little attention in paediatric 

literature to date. In problematic severe asthma especially, the presence of 

comorbidities should be evaluated. In this article, we review the published 

evidence on the impact of comorbid medical conditions on the severity and 

control of childhood asthma. 

 

Methods 

Studies were identified in Pubmed, EMBASE and the Cochrane Library.  The 

following keywords were used: “comorbidity”, “asthma”, “obesity”, “allergic 

rhinitis”, ”food allergy”,  “dysfunctional breathing”, “mental disorder”, 

“anxiety”, “depression”, “GERD” or “gastro-oesophageal reflux disease”, 

“treatment” and “diagnosis”. The search was limited to “all child“. The 

references in retrieved articles were scanned to find additional relevant papers. 

The references in retrieved articles were scanned to find additional relevant 

papers. Because asthma in children <4 yrs of age is a different entity3,34, we 

focussed on studies in children between the age of 5 and 18 years. Comorbidity 

was defined as the presence of one or more disorders (or diseases) in addition 

to the primary disease asthma.  

  

Results 

Allergic rhinitis 

 

The prevalence of allergic rhinitis has increased in children over the past 

decades, and it now varies from 0.8% to 39.7%, depending on country and 

age[35,36]. The majority of asthmatic children also have allergic rhinitis. 

Nevertheless, allergic rhinitis commonly goes unrecognized and undertreated in 

children with asthma.37  

The reported prevalence of allergic rhinitis in children with asthma is 

substantially higher than that in the general population, and ranges from 60 to 

80%.37,38 Simons39 stated that it is likely that asthma and allergic rhinitis 

frequently coexist because of their similarities in anatomy, physiology and 
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immunopathology (table 1). Most patients with allergic rhinitis have symptoms 

such as nasal itching, sneezing, increased nasal secretions, and nasal 

obstruction. However, general symptoms such as lassitude, cough, and 

sleepiness may also occur. If these are the presenting symptoms, the diagnosis 

of allergic rhinitis may be missed if the patient and parents are not actively 

questioned about the presence of nasal symptoms.35 For example, in a recent 

study at Princess Amalia Children’s Clinic (Isala Klinieken, Zwolle, The 

Netherlands) of 61 children referred for nonspecific cough and breathlessness, 

13(21%) were diagnosed with allergic rhinitis.40 

 

Table 1: Similarities in anatomy, physiology and immunopathology in asthma and allergic 

rhinitis. 

Anatomy Chronology of embryological development. Respiratory epithelium 

extends from the nasal fossa throughout the nasopharynx, larynx, 

trachea, bronchi and bronchioles 

Physiology Nasal and bronchial hyperresponsiveness to environmental and 

chemical stimuli. Nasobronchial reflex from environmental stimuli 

Immunopathology Type I and type IVa2 allergic responses, characterized by eosinophilia 

occur in upper and lower airways. There is a systemic immune 

response to airborne allergens. 

 

Treatment of allergic rhinitis with intranasal corticosteroids is the first choice 

of therapy in adults.41,42 Literature regarding children is sparse. The few studies 

on intranasal steroids for allergic rhinitis in children show short-term 

improvement of nasal (sneezing, rhinorrhoea, obstruction and itching) and 

ocular symptoms.43,44 It is reasonable to assume, therefore, that treatment of 

concurrent allergic rhinitis in children with asthma will reduce rhinitis 

symptoms. More challenging is the question whether treatment of allergic 

rhinitis also improves asthma control. In adults, the use of nasal corticosteroids 

was associated with a significantly reduced risk of asthma-related emergency 

room treatments and hospitalisations (adjusted OR 0.75(95% CI 0.62-0.91) and 

0.56 (95% CI 0.42-0.76), respectively).37,45 This has not yet been studied in 

children. Indirect evidence for poorer control of asthma in children with allergic 

rhinitis may come from greater health service utilization and costs. It has been 

shown that asthmatic children with allergic rhinitis have more frequent 

emergency department visits and hospital admissions than children with asthma 

without allergic rhinitis.46 Although this suggests that treatment of allergic 
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rhinitis in children with asthma could improve asthma control, this hypothesis 

requires confirmation in a randomized controlled trial. 

 

Food allergy 

 

Food allergy is defined as an adverse immunological response to food that is 

reproducible under blinded conditions.47 Previous studies suggest that the 

prevalence of food allergies in the general population is ,8% in children aged ,3 

yrs, and ,2% in adults.48,49 The incidence, reported in a study, of confirmed food-

induced respiratory reactions is estimated to be between 2% and 8% in children 

and adults with asthma.50 As food allergy and asthma are both atopic diseases 

they may coexist, but asthma as the only manifestation of food allergy is rare 

and atypical.47,48,50 Fatal or near fatal reactions (anaphylaxis) are more common 

in patients with asthma.48 Sicherer et al.51 showed that patients with asthma 

were more likely to have a severe reaction to food allergens than patients 

without asthma (33% versus 21%; p<0.0001). In the UK, all children (n=8) with 

fatal anaphylaxis had a history of asthma.52 In a retrospective study in children 

with asthma and food allergy, peanut and milk allergies were both associated 

with an increased number of hospitalisations for asthma.52 

Therefore, it seems that comorbid asthma in food allergy increases the risk 

of severe reactions, and that comorbid food allergy in asthma reduces asthma 

control. 

 

Obesity 

 

Overweight in children has become a major public health problem. Since the 

1970s, prevalence rates have more than quadrupled in the USA in children aged 

6–11 yrs, and have also sharply increased in children young than school age and 

adolescents (fig. 1).57 No pan-European data could be found although several 

studies from individual European countries report a similar rise in prevalence. 

For example, in the Netherlands in 1997, 8.8% of boys and 11.8% of girls (5–17 

yrs) were obese. This increased to 13.5% for boys and 16.7% for girls in 2002–

2004.58 In Spain, overweight increased in both boys and girls from 4.4% and 

2.9%, respectively, in 1992 to 10.1% and 7.6%, respectively, in 2004.59 Similarly, 

overweight in 12-yr old Finnish children increased from 12.8% in 1986 to 23.6% 

in 2006.60 Explanations for the rise in obesity in children include a decrease in 
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physical activities, an increase in sedentary activities (watching television and 

playing computer games), an increase in food portions and the increased 

consumption of calorie-dense convenience foods.57 

 
Figure 1: Increase in obesity in children reported in the National Health and Nutrition Surveys. 

Modified from54-56 with permission from the publisher. 

 

 

 

 

Several studies show higher rates of asthma in children who are 

overweight.61–63 A high body mass index (BMI) at 1–2 yrs was significantly 

associated with a higher prevalence of asthma symptoms at 3 yrs (OR 1.40 (95% 

CI 1.12–1.73); p=0.003), and a high BMI at 3–5 yrs was significantly associated 

with a higher prevalence of asthma symptoms at 6 yrs (OR 1.36 (95% CI 1.03–

1.79); p=0.03).63 This effect was particularly strong in females. For example, girls 

who became overweight or obese between 6–11 yrs of age were seven times 

more likely to develop new asthma symptoms at the age of 11 or 13 yrs 

(p<0.01).55 Other studies found an association of overweight with exercise 

induced cough and wheeze, visits to the emergency department (39% versus 

31%; p=0.04) and missed school days.64,65 Although the majority of studies have 
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found an association between asthma and obesity, some did not find such a 

relation.66–68 A possible explanation is that obese children could have asthma-

like symptoms (shortness of breath) without having asthma. In addition, 

differences in the definition of asthma severity could play a role.67 

The possible mechanisms of the effect of obesity on asthma have been 

discussed in depth in a recent review, and are summarised in table 2.69 

 

Table 2: Possible mechanisms in the effect of obesity on asthma. 

Reduced lung volume and tidal volume in obesity that promote narrowing of the airways 

Low grade of inflammation may act on the lungs to exacerbate symptoms 

Obesity related changes in hormones 

Dyslipidaemia 

Gastro-oesophageal reflux 

Sleep disordered breathing 

Type-2 diabetes 

Hypertension 

 

In a 12-yr follow-up study of very low birth-weight children, leptin was 

thought to play a role in the pathogenesis of both asthma and obesity.70 Leptin 

levels were considerably higher in the overweight than in the non-overweight 

children (median value 18.1 versus 2.8 ng/mL; p<0.001). In the overweight 

children, current asthmatics had leptin levels that were twice as high as children 

without current asthma (median value 30.8 versus 14.3 ng/mL; p=0.14), which 

was not the case in the non-overweight children.70 The association of obesity 

with serum leptin levels has been confirmed.71 

Suboptimal response to controller therapy (ICS) is a possible mechanism 

explaining why asthma could be more severe in obesity. In adults, an altered 

response to ICS has been shown in obese asthma patients. Elevated BMI was 

associated with blunted in vitro response to ICS in overweight and obese 

patients whilst this could not be shown in obese patients without asthma.72 

The association between obesity and asthma may also be partly explained by 

the influence of asthma on obesity. Exercise induced asthma may lead to 

avoidance of physical activity that can increase weight gain.73 Thus, asthma and 

obesity can worsen each other.57 A recent Norwegian study, however, showed 

that adolescents with and without asthma did not differ in physical activity and 

energy intake.74 In adults, there is evidence that weight reduction in obese 

asthmatic patients improves lung function, symptoms, morbidity and health 
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status.75 In children, the relationship between obesity and more severe asthma 

has not been demonstrated as clearly. Also dynamic mechanical factors are 

postulated to be involved. In obese individuals, breath frequency is increased 

and tidal volumes are reduced compared with non-obese individuals.76 A forced 

extension of airway smooth muscle is provided by spontaneous tidal breathing 

which has been shown to have a bronchodilatory action.77 Obese individuals 

without this bronchodilatory mechanism would be, as reported recently, 

expected to experience increased airway hyperresponsiveness.78 Further 

research should improve our understanding on the relationship between 

asthma and obesity in children. Although it has not been shown conclusively 

that body weight reduction improves asthma control in obese children, this 

should not discourage physicians from trying to achieve weight loss in these 

patients, as the importance of weight control in overweight children has been 

clearly reviewed.79,80  

 

Dysfunctional breathing 

 

Dysfunctional breathing is defined as chronic or recurrent changes in breathing 

pattern, causing respiratory and nonrespiratory complaints.81 Symptoms of 

dysfunctional breathing include dyspnoea with normal lung function, chest 

tightness, chest pain, deep sighing, exercise-induced breathlessness, frequent 

yawning and hyperventilation.82 Hyperventilation or dysfunctional breathing 

has been reported in childhood83–88, but its prevalence is unknown. There is no 

accepted gold standard of the diagnosis of dysfunctional breathing beyond the 

clinical description, but the Nijmegen Questionnaire is a symptom checklist 

(table 3) that can be used to discriminate dysfunctional breathers from normal 

individuals in adults.89 In a random sample of 300 adults without asthma from 

the medical records of a UK semirural general practice, 8% of patients showed 

positive screening scores for dysfunctional breathing.90 In the same study, 29% 

of asthmatics showed positive screening scores for dysfunctional breathing.90 

This indicates that dysfunctional breathing is more prevalent in adults with 

asthma than in healthy controls. Approximately one third of females and a fifth 

of males with asthma had scores suggestive of dysfunctional breathing (table 

4).91 

In a randomised controlled trial in adults with symptoms suggestive of 

dysfunctional breathing, a clinically relevant improvement in quality of life was 
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found following a brief physiotherapy intervention. This improvement was 

maintained for 6 months after the intervention in 25% of patients.82 

 

Table 3: Nijmegen questionnaire symptom checklist 

Chest pain Bloated abdominal sensation 

Feeling tense Tingling fingers 

Blurred vision Unable to breathe deeply 

Dizzy spells Stiffness of fingers or arms 

To be confused, losing touch with 

environment 
Tightness around the mouth 

Accelerated or deepened breathing Cold hands or feet 

Shortness of breath Palpitations 

Constricted chest Feeling of anxiety 

Each item scores 0(never) to 4(very often) points. When sum of points (Nijmegen Questionnaire 

score) is 23 or more the diagnosis of dysfunctional breathing is 80% certain. Modified from65 

with permission from the publisher. 

 

The application of the Nijmegen Questionnaire in the context of asthma in 

children requires further exploration [81]. It has been described, both by us and 

by others, that there are children with troublesome breathlessness during or 

after exercise, in whom lung function remains normal during exercise testing 

[86–88, 92]. It has been our experience that most of these patients benefit from 

physiotherapy aimed at relaxation and at maintaining a normal breathing 

pattern [93]. These preliminary observations need confirmation and further 

exploration in rigorously designed further studies. 

 

Table 4: Adults with positive scores for dysfunctional breathing by age and sex. 

 Age <40 Age >40 Total 

Males 7/25 (28) 10/62 (16) 17/87 (20) 

Females 14/38 (37) 32/94 (34) 46/132 (35) 

Total 21/63 (33) 42/165 (27) 63/219 (29) 

Data are presented as n/N (%) 
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Vocal cord dysfunction 

 

Vocal cord dysfunction (VCD) syndrome is a functional disorder of the vocal 

cords94, characterised by the inappropriate adduction of the vocal cords during 

inspiration. Two phenotypes of VCD syndrome have been described.95 One type 

occurs spontaneously, with the patient experiencing dyspnoea and inspiratory 

stridor (often described as ‘‘wheezing’’) at various and often unpredictable 

times, thus mimicking asthma. The other phenotype only occurs with exercise. 

Flexible fiberoptic endoscopy while the patient is symptomatic is the gold 

standard for the diagnosis of VCD. The prevalence of VCD in children is unknown. 

Vocal cord dysfunction should be evaluated as a possible comorbid condition in 

difficult asthma. 

 

Mental disorders 

 

Childhood depressive illnesses, including major depressive disorder and 

dysthymia, are recurrent, often chronic conditions with significant morbidity 

and mortality.96,97 Population studies of children and adolescents in the USA and 

in Europe have reported prevalence rates of depression ranging between 0.14% 

and 2.5% in children and 0.45 to 8.3% in adolescents.96–98 Katon et al.99 

interviewed 781 subjects aged 11–17 yrs who were diagnosed with asthma and 

compared them to a group of matched non-asthmatics. They found that 16.3% 

of the children with asthma met the Diagnostic and Statistical Manual of Mental 

Disorders (DSM)-IV criteria for one or more anxiety or depressive disorders in 

the previous 12 months, compared with 8.6% of those without asthma (p<0.01). 

Higher trait anxiety has been associated with increased perception of asthma 

symptoms in children, especially in mild asthma.100 Both over perception of 

asthma symptoms and blunted perception of symptoms may play a role in 

maintaining poor asthma control, and hamper successful management.100 In 

adults, increasing levels of depression have been associated with increased 

emergency department visits, hospitalisations, and unscheduled healthcare 

visits for asthma.101,102 In children, negative affect scores are related to asthma 

symptom scores in a dose-dependent fashion.19 

The scanty literature on depressive disorders in children with asthma 

suggests that it may commonly go unrecognised and untreated. For example, 

even if mental disorders are recognised in the assessment of children with 
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asthma, only one in five of these patients received an adequate dosage and 

duration of antidepressant medication, and only one in six received an adequate 

number of psychotherapy sessions.103 More children should be identified as at 

risk and prevented or treated for this co-morbidity.104 

 

Gastro-oesophageal reflux 

 

The prevalence of gastro-oesophageal reflux disease (GERD) has been poorly 

studied in children.105 One cross-sectional survey in the USA in children aged 3–

17 yrs of age showed that 1–18% of children had symptoms of GERD, depending 

on the severity or frequency queried (fig. 2).106 Gustafsson et al.107 showed that 

oesophageal dysfunction occurred more frequently in 8–19-yr-old asthmatics 

than in controls (60% versus 14%; p<0.01), and that acid reflux was found in 50% 

of these asthmatic teenagers.108 A systematic review on the prevalence of GERD 

in children with asthma reported prevalence rates ranging from 19.3% to 65%.109 

These findings were supported in a recent study in 30 children with non-atopic 

asthma, 21 (70%) of which showed GERD using extended oesophageal pH 

monitoring.110 One study compared the prevalence of asthma in 1,980 children 

>2 yrs of age with GERD to 7,920 controls without GERD. The prevalence of 

diagnosed asthma in children with GERD was twice the prevalence of that in 

controls (13.2% versus. 6.8%; p<0.0001).111  

Although asthma and GERD in children appear to be related, a causal 

relationship between the two disorders has not yet been established. Whether 

it is asthma that causes reflux, reflux that causes asthma, or is there no clinically 

relevant relationship remains unclear. An oral challenge with 200 mL diluted HCl 

in children with asthma increased histamine sensitivity (p=0.001), although 

baseline peak flow did not change.112 A population-based birth cohort showed 

that the association between reflux symptoms and respiratory symptoms in 

young adults was independent of BMI.113 Overweight did not explain the higher 

frequency of GERD in asthma patients.114 

Very few studies have examined the effect of GERD therapy on asthma.106 

One short-term study (12 weeks) in children showed no improvement in asthma 

symptoms.115 In another study, a reduction in asthma exacerbations was found 

in children with asthma and GERD when treated with proton pump inhibitor and 

pro-kinetic agents for 12 months compared with treatment with ranitidine alone 

(0.33 versus 2.2 exacerbations/patient; p<0.05).116 Khoshoo et al.110 found a 
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reduction in bronchial hyperreactivity after 2 yrs of GERD treatment in a group 

of non-atopic asthma patients, but no control group was used. Similarly, in 

children with asthma and GERD, a modest reduction in nocturnal asthma 

symptoms was observed during ranitidine treatment.117 A recent review on 

treatment of GERD in asthma did not identify additional high quality studies.118 

Further high-quality randomised controlled trials on the treatment of GERD in 

asthma in children are needed before any firm conclusion can be drawn on the 

usefulness of such therapy in children with asthma. 

 

 
Figure 2: Percentage of reported gastro-oesophageal reflux symptoms in the past week. 

(adapted from Nelson et al.)106 

 

Conclusion 

As in adults, comorbidities are present in children with asthma. Although the 

evidence of the impact of comorbidities on childhood asthma is poor, clinicians 

should be aware of the high likelihood of comorbid disorders in children with 

asthma, and should actively screen asthmatic children, in particular those with 

troublesome or uncontrolled asthma, for the presence of overweight, allergic 
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rhinitis, dysfunctional breathing, depressive disorders and, perhaps, gastro-

oesophageal reflux. When comorbid conditions are recognised and treated 

adequately, better asthma control may be obtained. 
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Abstract 

Background 

Asthma and allergic rhinitis are the two most common chronic disorders in 

childhood and adolescence. To date no study has examined the impact of 

comorbid allergic rhinitis on asthma control in children. 

 

Objective 

To examine the prevalence of allergic rhinitis in children with asthma, and the 

impact of the disease and its treatment on asthma control. 

Methods. A cross-sectional survey in 203 children with asthma (5-18 years), 

using validated questionnaires on rhinitis symptoms (stuffy or runny nose 

outside a cold) and its treatment, and the paediatric Asthma Control 

Questionnaire (ACQ). Fraction of nitric oxide in exhaled air (FeNO) was 

measured with a Niox Mino analyser; total and specific IgE levels were assessed 

by the Immunocap system. 

 

Results 

157 children (76.2%) had symptoms of allergic rhinitis, but only 88 of these 

(56.1%) had been diagnosed with the condition by a physician. ACQ scores were 

worse in children with than in those without the condition (p=0.012). An ACQ 

score > 1.0 (incomplete asthma control) was significantly more likely in children 

with allergic rhinitis than in those without (OR 2.74, 95% CI 1.28-5.91, p=0.0081), 

also after adjustment for FeNO levels and total serum IgE. After adjustment for 

nasal corticosteroid therapy, allergic rhinitis was no longer associated with 

incomplete asthma control (OR 0.72, 95% CI 0.47-1.12, p=0.150). 

 

Conclusion 

Allergic rhinitis is common in children with asthma, and has major impact on 

asthma control. The authors hypothesise that recognition and treatment of this 

condition with nasal corticosteroids may improve asthma control in children, 

but randomized clinical trials are needed to test this hypothesis. 
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Introduction. 

Asthma and allergic rhinitis (AR) are the two most common chronic disorders in 

childhood and adolescence, and their prevalence rates have doubled over the 

past decades. Current prevalence rates of AR in countries with a Western 

lifestyle may be as high as 40%.1 It has long been recognized that AR and asthma 

commonly coexist, due to their similarities in anatomy, physiology and 

immunopathology.2 Surveys have shown that approximately 60-80% of children 

with asthma have symptoms of AR.3-7  

In adults, it has been shown that AR has a major impact on asthma morbidity, 

and that treatment of AR helps to improve asthma control.8 Despite its high 

prevalence, there are surprisingly few studies on the effects of treatment of AR 

in children.9 Moreover, its impact on asthma in the paediatric age range has 

been poorly studied to date. A recent cross-sectional study in 404 French 

children with asthma showed symptoms of AR in 58% of the children, but no 

association with asthma severity was found.6 Conversely, a Japanese study of 

150 children with asthma showed that exacerbations of upper and lower 

respiratory tract symptoms frequently coexisted, suggesting that AR does have 

an impact on asthma morbidity in children.5 To date, no study has examined the 

impact of comorbid AR on asthma control in children. 

We designed this cross-sectional questionnaire based survey to determine 

the prevalence of AR in a Dutch population of children with asthma on inhaled 

corticosteroid (ICS) maintenance therapy, and the impact of AR on asthma 

control, level of lung function, and exhaled nitric oxide. 

  

Methods 

Study population 

 

Between June 2008 and June 2009, consecutive patients aged 5-18 years visiting 

the Princess Amalia asthma clinic for a scheduled follow-up visit were 

approached for participation in this cross-sectional survey.  Inclusion was 

continued over 1 year to allow all patients with asthma followed up at our clinic 

to participate in the survey. 
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Inclusion and exclusion criteria 

 

Only patients fulfilling all of the following criteria were eligible for inclusion in 

the study: diagnosis of asthma, made by a paediatrician according to 

international standardised guidelines10; maintenance therapy with ICS for at 

least 3 months before the study; able to perform reproducible lung function 

testing, and proper understanding of Dutch language. 

Patients with serious bronchopulmonary, neuromuscular, or cardiovascular 

comorbidity were excluded. 

 

Questionnaire 

 

Symptoms of AR and level of asthma control were assessed by applying two 

standardised and validated questionnaires. The International Study of Asthma 

and Allergies in Childhood (ISAAC) rhinitis questionnaire  was used to assess the 

presence of symptoms of AR11; asthma control was measured by the childhood 

Asthma Control Questionnaire (ACQ).12,13 Both questionnaires have been 

validated for the Dutch language and have been used in earlier studies in the 

Netherlands.14,15 

Patients aged 12 years or older filled out the questionnaires themselves; in 

children younger than 12 years, the parents completed the questionnaires. 

AR (ever) was defined as a positive answer to the question: ‘Has your child 

ever had a problem with sneezing, or a runny, or a blocked nose when he/she 

DID NOT have a cold or the flu?’ 

Aggregated ACQ scores < 1.0 were considered to indicate well controlled 

asthma.16 

 

Pulmonary function and nitric oxide measurement 

 

Immediately after filling out the questionnaires, complete expiratory flow-

volume loops were recorded according to European Respiratory Society 

guidelines17 on a Jaeger MasterScreen (Jaeger, Houston, USA) by experienced 

and certified pulmonary function assistants. The forced expiratory volume in 

one second (FEV1) and forced vital capacity (FVC) were recorded, and expressed 

as a percentage of the predicted reference value.18 In addition, the fraction of 

nitric oxide in exhaled air (FeNO) was measured using the NIOX MINO device 
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(Aerocrine, Solna, Sweden), according to standardised guidelines19 and 

expressed in parts per billion (ppb). 

 

Specific IgE to inhaled allergens 

 

Data on aeroallergen sensitisation were recorded from the chart if it had been 

obtained no longer than 2 years before the patient entered the study. The 

ImmunoCap system (Pharmacia Diagnostics, Uppsala, Sweden) was used for 

total and specific IgE assessments. As the detection limit of the assay was 0.35 

kU/litre, sensitisation was defined as a specific IgE concentration > 0.35 kU/litre. 

Screening tests were performed for the five major aeroallergens for children in 

the Netherlands (house dust mite, tree and grass pollen, cat and dog dander). 

 

Statistical analysis 

 

SPSS V.15.0 was used to analyse the data using t tests to compare means and χ2 

tests to compare proportions. FeNO  levels and ACQ scores were assessed by 

non-parametric methods because of their skewed distribution. Total IgE levels 

were log transformed before analysis. Multiple logistic regression analysis was 

performed to assess the relationship of dichotomised ACQ scores (well 

controlled vs incompletely controlled asthma, or ACQ < or ≥ 1.0) to allergic 

rhinitis after adjustment for potential confounders. 

 

Results 

During the inclusion period, 206 children fulfilling all inclusion criteria were 

approached for participation in the survey. None of these patients or their 

parents refused to participate. The clinical characteristics of the 206 patients are 

presented in table 1.  

 

Prevalence of allergic rhinitis 

 

A total of 157 children (76.2%) had symptoms of AR, 144 of whom (91.7%) 

reported complaints during the last twelve months (current AR).  

AR was slightly more common in boys (112/144, 77.8%) than in girls (45/62, 

72.6%), but the difference was not significant (p=0.40).  A total of 88 patients 
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(56.1% of patients with rhinitis symptoms) had received a doctor’s diagnosis of 

hay fever or AR. Symptoms of AR were considered to have an influence on daily 

activities in 102 children (64.9%): 72% of these reported mild limitation, 25% 

moderate and 3% severe limitation of daily activities. 

 

Table 1: Patient characteristics. 

Boys, number (%) 144(69.9%) 

Age, mean (SD) 10.4 yr (3.7) 

BMI, mean (SD) 17.2 (3.1) 

Asthma maintenance therapy, n (%) 

 ICS < 250 g/day* 

 ICS 251-500 g/day 

 ICS >500 g/day 

 Combination therapy (ICS + LABA) 

195 (94.7%) 

 143 (73.3%) 

   44 (22.5%) 

   1 (<1%) 

   51 (26.1%) 

Allergic rhinitis therapy, n (%) 

 Nasal corticosteroids 

 Oral antihistamines 

 Montelukast 

 Combination  

105 (51%) 

 43 (40.9%) 

 19 (18.1%) 

   4 (3.8%) 

 31 (29.5%) 

FVC, mean (SD) 101.3% pred (12.0) 

FEV1, mean (SD) 100.3% pred (14.7) 

FeNO, median (IQR) 12.5 ppb (0-24) 

IgE, median (IQR) 247 kU/litre (55-702) 

* daily dose of fluticasone (or equivalent). 

BMI: body mass index (body weight (in kg) divided by height (in cm) squared, ICS: inhaled 

corticosteroids, LABA: long acting beta agonist, FEV1: forced expiratory volume in one second; 

FVC: forced vital capacity, FeNO: fraction of nitric oxide in exhaled air. 

 

Impact on asthma control 

 

In three patients, some answers to the ACQ were missing; complete ACQ data 

were obtained in 203 patients. An aggregated ACQ score <1.0, indicating well 

controlled asthma, was found in 128 children (63.1%). Patients with AR were 

more likely to have an ACQ > 1.0 (indicating incomplete asthma control; 65 of 

155 patients or 41.9%) than those without AR  (10 of 48, 20.8%, OR 2.74, 95% CI 

1.28 to 5.91, p=0.0081). The distribution of ACQ scores in patients with and 

without AR is presented in figure 1. The median (IQR) ACQ in children with AR 

was higher (0.67, IQR 0.17-1.33) than in those without (0.33, IQR 0.04-0.67, 95% 
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CI for difference, p=0.024). This was more pronounced in children 5-12 years of 

age (median (IQR) in patients with AR 0.76 (0.17-1.33), and 0.33 (0-0.75) in those 

without, p=0.052) than in those 12-16 years of age (median ACQ in patients with 

AR 0.76 (0.33-1.29), and in those without 0.50 (0.33 to 0.76), p=0.40). 

 
Figure 1: Distribution of Asthma Control Questionnaire (ACQ) scores in patients with asthma 

with and without allergic rhinitis; horizontal bars represent median levels. The ACQ in patients 

with allergic rhinitis is significantly higher than in those without (p=0.012), indicating poorer 

asthma control in asthmatic children with allergic rhinitis. 

 

 

 

Relationship to lung function and FeNO levels 

 

Most patients with asthma had normal levels of FEV1 and FVC (table 1), and 

there were no differences in mean FEV1 or FVC between those with and without 

AR  (p=0.50 and 0.37, respectively).  

FeNO, however, was significantly higher in patients with AR (median 15 ppb, 

IQR 0-28 ppb) than in those without (median 7 ppb, IQR 0 to 12, p=0.001) (figure 
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2.). No significant differences in FeNO levels were found between patients 

treated with nasal corticosteroids for AR and those who did not receive this 

treatment (p=0.816). 

 
Figure 2: Fraction of nitric oxide in exhaled air (FeNo) values in patients with asthma with and 

without allergic rhinitis. Horizontal bars represent median values. FeNO levels are significantly 

higher in patients with asthma and allergic rhinitis than in those without (p=0.001). NO, nitric 

oxide. 

 

 

IgE levels and aeroallergen sensitisation 

Data on total serum IgE levels and aeroallergen sensitisation obtained no more 

than 2 years before the survey were available in 130 patients (63.1%).Total IgE 

levels were higher in patients with AR (geometric mean 680 kU/litre ) than in 

those without (geometric mean 323 kU/litre , 95% CI of difference 102 to 612, 
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p=0.020) (figure 3.). The proportion of patients with aeroallergen sensitisation 

was comparable in those with (97.2%) and those without AR (91.7%, p=0.20); 

only grass pollen sensitisation differed between these groups (table 2). Patients 

with AR had a higher median number of aeroallergens to which they were 

sensitised  (median 3, IQR 2-5) than children without AR (median 2, IQR 1-3, 

p=0.33). 

 

 
Figure 3: Total serum IgE levels in patients with asthma with and without allergic rhinitis. 

Horizontal bars represent median values. IgE levels are significantly higher in patients with asthma 

and with allergic rhinitis than in those without (p=0.020). 
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Table 2: Number (%) of patients sensitised to aeroallergens in 131 patients with asthma with 

and without allergic rhinitis 

 Patients with allergic 

rhinitis (n=104) 

Patients without 

allergic rhinitis 

(n=27) 

P value 

House dust mite 86 (82.7%) 21 (77.8%) 0.556 

Cat dander 58 (51.3%) 8 (30.8%) 0.058 

Dog dander 64 (56.1%) 11 (40.7%) 0.149 

Grass pollen 62 (61.4%) 7 (26.9%) 0.002 

Tree pollen 45 (50.6%) 5 (26.3%) 0.054 

Any aeroallergen 105 (97.2%) 22 (91.7%) 0.197 

 

Relationship of ACQ scores to allergic rhinitis, adjusted for degree of 

inflammation or sensitisation  

 

To establish whether the relationship of AR to ACQ scores was confounded by 

the degree of lower airway inflammation, or by the severity of allergen 

sensitisation, we built multiple logistic regression models with ACQ 

(dichotomised in scores < 1.0 (well controlled asthma) or > 1.0 (incompletely 

controlled asthma)) as the dependent variable. In these models, the significant 

association of AR to low ACQ scores remained significant after adjustment for 

FeNO levels (OR 3.13, 95% 1.10 to 8.85, p=0.009), total serum IgE levels (OR 

2.89, 95% CI 1.13 to 7.40, p=0.028), or the number of aeroallergen sensitisations 

(OR 2.78, 95% CI 1.02 to 11.4, p=0.045).   

We also examined whether treatment for AR influenced the association of 

AR to ACQ scores. The results are presented in table 3. Reported use of rhinitis 

medication in general did not remove the significant impact of AR on ACQ scores 

(p=0.55). However, patients who used nasal corticosteroids for AR, either alone 

or in combination with antihistamines or montelukast, had lower ACQ scores 

(median 0.58, IQR 0.17-1.17) than those with AR who did not use nasal 

corticosteroids (median ACQ 1.0, IQR 0.67-1.83), although the difference did not 

reach statistical significance (p=0.154). After adjusting for use of nasal 

corticosteroids in a multiple logistic regression model, the relationship of AR to 

ACQ scores was no longer significant (OR 0.72, 95% CI 0.47 to 1.12, p=0.150, 

table 3). In the 157 patients with AR symptoms, however, nasal corticosteroid 

therapy was not associated with ACQ scores <1.0 in a logistic regression model 

after adjustment for age and gender (OR 1.16, 95% 0.60 to 2.17, p=0.664). 
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Table 3: Association of allergic rhinitis to Asthma Control Questionnaire (ACQ) score < or > 

1.0 (indicating well or incompletely controlled asthma, respectively), adjusted for treatment 

for allergic rhinitis, in 203 asthmatic children with allergic rhinitis symptoms. 

 OR* 95% CI P value 

unadjusted 2.74 1.28-5.91 0.0081 

Adjusted for any treatment for allergic rhinitis 2.41 1.08-5.39 0.033 

Adjusted for use of oral antihistamines 2.62 1.22-5.67 0.014 

Adjusted for use of nasal corticosteroids 0.72 0.47-1.12 0.150 

ACQ: asthma control questionnaire 

* : OR for ACQ > 1.0 (incompletely controlled asthma) in patients with allergic rhinitis as 

compared to those without allergic rhinitis. 

 

Discussion 

This study shows that AR is a common and relevant comorbid condition in 

patients with asthma. The large majority (76%) of patients with asthma in our 

study had symptoms of AR, and the presence of AR had a significant influence 

on asthma control, independent of lower airway inflammation or aeroallergen 

sensitisation. The association of AR to level of asthma control was not significant 

in patients who received nasal corticosteroid treatment for AR but remained 

significant in those not treated for rhinitis symptoms, or those receiving only 

oral antihistamines or montelukast. This suggests that recognition of AR in 

patients with asthma, and its prompt treatment with nasal corticosteroids, may 

improve asthma control in paediatric patients. Randomized clinical trials are 

required to test this hypothesis. 

The rhinitis prevalence of 76% in this study is comparable to previous studies 

on AR in children with asthma.3-7  Despite this high prevalence,  surprisingly few 

studies have examined the impact of AR on asthma morbidity in children20, and 

the few results available to date have been contradictory.5,6 Our study is novel 

in that the main focus of our analysis was the impact of AR on asthma control 

and daily life activity. Although the complaints had an influence on daily life in 

almost two-thirds of patients (64.9%), almost half (43.9%) of patients with AR 

had not been diagnosed or treated as such by a physician. This may be caused 

either by underreporting by patients  (or their parents), or poor recognition of 

rhinitis symptoms by doctors.  Although the symptoms of AR (runny or stuffed 

nose without having a cold) may be confused with a cold or flu-like symptoms, 

the duration of such symptoms (> 14 days) should prompt the physician to 
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diagnose AR.(9) The influence of AR on daily activities in our study was 

comparable to that reported by others.21  In a large survey in the USA, parents 

of children with AR where more likely to describe physical, mental and 

emotional, and social problems in their children.22  

The main finding of our study was that AR had a significant influence on the 

degree of asthma control, even when asthma was well controlled in the large 

majority (63%) of patients participating in our survey. ACQ scores were higher 

in patients with AR than in those without (figure 1), and ACQ scores > 1.0 

(indicating incompletely controlled asthma)16 were more likely in this group of 

patients (table 3). Although aeroallergen sensitisation tended to be more 

common in patients with AR than in those without (table 2), the relationship 

between the presence of AR and incomplete asthma control remained 

significant after adjustment for total serum IgE levels or the number of 

aeroallergens to which the patient was sensitised. We have previously shown 

that sensitisation to numerous allergens is associated with a more severe clinical 

atopic phenotype.23 Apparently, the relationship of AR to asthma control is 

independent of this phenomenon of polysensitisation.  

The significant influence of AR on asthma control suggests that treatment of 

AR may help to improve asthma morbidity. In a retrospective cohort study in 

4944 adult patients, those who were treated for AR had a significant lower risk 

(6.6% vs 1.3%, p=0.001) of subsequent asthma-related events such as 

emergency department visits or hospitalisation than those who were not 

treated for AR.24 Two recent randomised controlled trials in adults examined the 

effect of intranasal steroids on asthma. In one study, although nasal 

corticosteroid therapy improved nasal inspiratory flow and rhinitis quality of life, 

there was no  inhaled steroid sparing effect of treating AR with nasal 

corticosteroids.25  In the other study, treatment of AR with nasal steroids was 

associated with a non-significant trend in improving asthma control test scores 

(p=0.08).25,26 No such randomised trials have been performed in children. One 

study showed that administration of an ICS through a valved holding chamber 

with facemask improved nasal symptoms, but had no influence on asthma 

symptoms or lung function in children with asthma and AR.27 Asthma control 

was not assessed in this study. Our results suggest that nasal corticosteroid 

treatment of AR, but not therapy with antihistamines or montelukast, may 

improve asthma control in children. The significant relationship of AR symptoms 

to incomplete asthma control disappeared after adjusting for nasal 



Allergic rhinitis is associated with poor asthma control in children with asthma 

53 
 

corticosteroid therapy (table 3), although there was no direct relationship 

between nasal corticosteroid therapy and ACQ score when only the children 

with AR were analysed. This may be due to loss of statistical power to detect 

such a relationship in the smaller subset of patients with AR symptoms. This 

observation is in line with previous studies showing the superiority of nasal 

corticosteroids over other treatment modalities in children with AR.9 In our 

study, AR had no impact on pulmonary function in children with asthma. The 

overall normal level of lung function in our study group (table 1) is in accordance 

with a previous report from our clinic.28 However, studies in adults have 

demonstrated a modest improvement in FEV1 (mean 5,45%, 95% CI 1.95 to 

8.96%, p=0.004) in patients with asthma after treatment for AR.25 Such an effect 

on pulmonary function is unlikely to be found in children because the room for 

improvement is too small. Therefore, studies on AR treatment in children with 

asthma should focus on asthma control and exacerbations as primary endpoints. 

Although FeNO was higher in patients with AR than in those without (figure 2), 

the relationship between AR and poor asthma control remained significant after 

adjustment for FeNO levels, and nasal corticosteroid treatment was associated 

with lower FeNO levels. Previous studies have shown that a subgroup of children 

with asthma have persistently high FeNO levels, even when treated with high 

dose ICS therapy.29 Our observations indicate that treatment with nasal 

corticosteroids does not alter this. As a result, FeNO is probably not a useful end 

point in studies of nasal corticosteroid effects in children with asthma and AR. 

The cause of the higher FeNO levels in patients with AR is not entirely clear. 

Although it is conceivable that allergic inflammation of nasal mucosa could 

increase local nitric oxide production, and that this may increase nasal 

contribution to FeNO measurements, the measurement technique for FeNO is 

intended to avoid nasal contamination.23 Therefore, this is unlikely to be the 

main reason for the higher FeNO levels observed in our patients with AR. Two 

alternative explanations should be considered. First, it may be argued that 

patients with asthma and AR have a more severe atopic phenotype,30,31 and this 

is reflected by higher FeNO levels. Second, because there is cross-talk between 

nasal and lower airway mucosa,32,33 ongoing nasal inflammation may increase 

eosinophilic lower airway inflammation, and increase FeNO levels. 

The main limitation of our study is its cross-sectional nature. Associations 

found in cross-sectional studies should be interpreted cautiously. Although the 

results of our study strongly suggest that AR has a significant negative impact on 
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asthma morbidity in children, and that nasal corticosteroid treatment may 

eliminate this, prospective, preferably randomised controlled studies are 

needed to confirm this. Second, it may be argued that our definition of AR was 

non-specific, including all children with rhinitis symptoms outside a cold. 

Although this definition indeed comprises (IgE-mediated) AR and other causes 

of chronic rhinitis, AR is usually defined in the same way as in our study, in 

clinical practice and in research.34,35 Finally, we would like to add a cautionary 

note in generalizing our results. Our study was performed in a hospital-based 

paediatric asthma clinic, in which patients are only seen and followed up when 

referred by a general practitioner, most commonly because of difficult to control 

asthma. That this may introduce selection bias is perhaps illustrated by the high 

prevalence of allergic sensitisation in our cohort (table 2). Further studies are 

needed to examine the effect of AR and its treatment on asthma control in 

children in other settings.  

In summary, asthma and AR often coexist in children, and the presence of AR 

is associated with poorer asthma control, independent of FeNO and allergen 

sensitisation levels. Despite its impact on daily life activities on asthma control, 

AR is frequently unrecognized and undertreated. Recognition of AR in children 

with asthma and adequate treatment with nasal corticosteroids are likely to 

improve asthma control. This is particularly relevant in children with difficult-to-

treat asthma. Randomised controlled trials on the effects of AR treatment on 

asthma control in children with asthma and AR are urgently needed.   
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Summary 

Dysfunctional breathing, hyperventilation and vocal cord dysfunction are 

frequently seen in children and adults. The prevalence is unknown. There are no 

standardized diagnostic criteria, and for now, effective exclusion of organic 

disease leaves the diagnosis of dysfunctional breathing. Therapy is mainly 

focussed on explanation of a benign condition and reassurance. Since 

dysfunctional breathing is a possible chronic condition, other therapies should 

be evaluated. In adults physiotherapy and breathing retraining appear 

beneficial. In childhood there is lack of evidence, and further research is 

necessary in order to optimise the outcome for children with dysfunctional 

breathing. 

 

  



Breathing abnormalities in children with breathlessness 

61 
 

Introduction 

Breathlessness is the subjective sensation of difficult, laboured or 

uncomfortable breathing.1 In normal circumstances breathlessness is 

physiological when exercising beyond normal tolerance but pathologically when 

breathlessness occurs with little or no exertion. 

Breathlessness is a key feature of pulmonary disease in children. The causes 

of breathing disorders vary. They include: asthma, rhinitis, emphysema, cystic 

fibrosis, interstitial lung disease and less frequent pulmonary disorders.2 In 

these pulmonary diseases the aim of the therapy is to treat and prevent 

breathlessness or dyspnoea. When experiencing breathlessness it is always 

almost associated with anxiety and, when chronic, can be disabling and severely 

diminish quality of life.3 Because there are no standardized criteria for the 

diagnosis dysfunctional breathing and the prevalence is unknown, the diagnosis 

is considered when other causes are excluded.4 

In the absence of a pulmonary disease symptomatic breathlessness can 

occur. In this review the focus will be on breathlessness without distinct 

pulmonary disease. In breathing abnormalities in children with breathlessness 

with the absence of a pulmonary disease the diagnosis dysfunctional breathing 

should be considered. Dysfunctional breathing, including hyperventilation and 

vocal cord dysfunction, can cause breathlessness.5 This review will specifically 

consider: 

 

- The prevalence of dysfunctional breathing in children. 

- Clinical presentation and diagnosis. 

- Treatment of dysfunctional breathing. 

- Long term outcome. 

Methods 
Studies were identified in Pubmed, EMBASE and the Cochrane Library. The 

keywords ‘‘breathing abnormalities’’, ‘‘breathlessness’’, ‘‘dyspnoea’’, 

‘‘dysfunctional breathing’’, ‘‘vocal cord dysfunction’’, ‘‘hyperventilation, 

‘‘anxiety’’, ‘‘treatment’’ and ‘‘diagnosis’’ were used. The search was limited to 

‘‘all child’’. The references in retrieved articles were scanned to find additional 

relevant papers.  
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Definition of breathing abnormalities 

Dysfunctional breathing [DB] is defined as chronic or recurrent changes in 

breathing pattern, causing respiratory and non-respiratory complaints.6. 

Symptoms of DB include dyspnoea with normal lung function, chest tightness, 

chest pain, deep sighing, exercise induced breathlessness, frequent yawning and 

hyperventilation.7,8 

 

Hyperventilation 

 

Acute hyperventilation is the physiologic state of over-breathing in which 

breathing is occurring in excess of metabolic requirements, leading to an acute 

reduction in PaCO2 and the consistent set of physiologic changes that occur in 

response to this state.(Figure 1)9 This can be done voluntarily, but in most cases 

it overwhelms the patient, especially when symptoms are mimicking serious 

illnesses. The symptoms are chest pain, breathlessness, dizziness, tachycardia, 

dry throat, swallowing difficulty, tremors and sweating.10 Other symptoms are 

associated with hyperventilation syndrome and are listed in Table 1. 
 

Figure 1: Pathofysiologic mechanism of hyperventilation.(adapted from Herman et al.)17 
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Table 1: Symptoms reported in HVS (adapted from Baranes et al.)29 

General symptoms Psychiatric symptoms 

Fatigue with sensation of extreme weakness Anxiety 

Exhaustion Panic attacks 

Impatience, irritable Phobias 

Anxiety Depression 

Worried, concerned Nightmares 

Respiratory symptoms Joint, skeletal and skin symptoms 

Dyspnea Arthritis 

Wheezing Myalgia 

Difficulty taking a deep breath Back pain 

Sighing Muscle cramps 

Throat scraping Paresthesias 

Yawning Pruritis 

Sniffing Sweaty hands 

Coughing Cardiovascular symptoms 

Episodes of dysphonia Palpitations 

Corpus alienum feeling in throat Chest pain 

Respiratory blockage Tachycardia 

Symptoms of Autonomic nervous system Digestive symptoms 

Vertigo Eructations 

Sensation of loss of body control Dysphagia 

Memory problems Turgid bowel 

Visual problems Abdominal pain, nausea, constipation 

Sleeping problems  

 

 

Vocal cord dysfunction 

 

Vocal cord dysfunction (VCD) syndrome is a functional disorder of the vocal 

cords5, characterized by the inappropriate adduction of the vocal cords during 

inspiration. The clinical features of VCD are dyspnoea, cough, wheeze or stridor, 

choking and complaints of chest or throat tightness.11 Two phenotypes of vocal 

cord dysfunction syndrome have been described.12 One type occurs 

spontaneously, with the patient experiencing dyspnoea and inspiratory stridor 

(often described as ‘‘wheezing’’) at various and often unpredictable times. This 

is symptomatic vocal cord dysfunction (SVCD) The other phenotype only occurs 

with exercise, and is therefore called exercise induced vocal cord 

dysfunction(EIVCD).12 
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Epidemiology of breathing abnormalities 

Hyperventilation syndrome (HVS) is common in adults. The frequency in the 

general population is between 6% and 10%.13,14 In a semirural general practice 

adult population 8% of the patients without previous, or current asthma showed 

positive screening for hyperventilation using the Nijmegen questionnaire [Table 

2].15 Dysfunctional breathing was more prevalent in women (14%) than in men 

(2%). 

The prevalence of HVS or DB in the paediatric population is unknown. Enzer et 

al. [1967] studied 44 cases of paediatric hyperventilation. They reported a 

prevalence of the hyperventilation syndrome in females compared with boys 

(70% vs 30%).16 The age of onset and sex distribution of these cases are shown 

in Figure 2. In children identified in the Mayo clinic with hyperventilation in the 

period 1950-1975 (n = 34) the greatest number of cases (n = 18) occurred in the 

13-15 year old children.17 They did not find a difference between boys and girls. 

In children evaluated for exercise induced asthma in Vancouver, Canada in 

26.9% of the children (n = 52) the diagnosis was DB instead of asthma.18 In their 

study there was also no difference between boys and girls. 

 

Table 2: Nijmegen questionnaire [Adapted from ref 15]. 

1 Chest pain 

2 Feeling tense 

3 Blurred vision 

4 Dizziness 

5 Confusion or loss of touch with reality 

6 Fast or deep breathing 

7 Shortness of breath 

8 Tightness across chest 

9 Bloated sensation in stomach 

10 Tingling in fingers and hands 

11 Difficulty in breathing or taking a deep breath 

12 Stiffness or cramps in fingers or hands 

13 Tightness around the mouth 

14 Cold hands or feet 

15 Palpitations in the chest 

16 Anxiety 

 

Also the prevalence of VCD is unknown. In adult patients in a pulmonary referral 

centre for evaluation of severe asthma, 40% of the patients were diagnosed with 
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VCD. About half of the patients were diagnosed with VCD alone, the other half 

with VCD also had chronic asthma.19 Evaluation of exercise induced 

dyspnoea(EID) in children without other symptoms and signs of asthma, 13 of 

117 (11%) patients were found to have VCD.20 

 
Figure 2: Age of onset and sex distribution of hyperventilation. (adapted from Enzer et al.)16 

 

Diagnosis of breathing abnormalities 

Beyond the clinical description there is no accepted gold standard for the 

diagnosis dysfunctional breathing and the differential diagnosis is broad (Table 

3). Organic disease should be excluded by careful history taking and physical 

examination, preferably at the time of presentation. In adults, the Nijmegen 

questionnaire is a symptom checklist (Table 2), that can be used to discriminate 

normal breathers from dysfunctional breathers.15,21 Each question in the 

questionnaire can score 0 (never) to 4 points (very often). A total over 23 points 

or over has a sensitivity of 91% and a specificity of 95% for the diagnosis 

symptomatic hyperventilation.21 For children the Nijmegen questionnaire is not 

validated and the application in children needs further exploration. Recently 

Sznajder et al. [2009] proposed a simplified questionnaire for children as a 

diagnostic method for DB in children.22 This questionnaire is yet to be validated 

in a prospective study. 
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Table 3: Causes of hyperventilation. (Adapted from Wambolt et al.)31 

Respiratory Disorders Central nervous system and Psychiatric 

disorders 

Asthma Panic disorders 

Pneumonia Phobias 

Pulmonary embolism Generalized anxiety disorders 

Interstitial lung disease Central neurogenic hyperventilation 

Chronic obstructive lung disease Hiccup/palatal myoclonus 

Respiratory dyskinesia/diaphragmatic flutter Central nervous system lesion 

Pulmonary hypertension Factitious  

Pneumothorax Other 

Pharmacologic agents Chronic, severe pain 

Aspirin and other salicylates Adaptation to higher altitude 

Neuroleptics Pyrexia/sepsis 

 Heat exhaustion/heatstroke 

 Liver disease/failure 

 

Hyperventilation provocation testing in adults is described in literature.23 In 

a double blind placebo controlled study to evaluate the accuracy of the 

hyperventilation provocation test and the validity in hyperventilation syndrome 

it has been demonstrated that hyperventilation provocation testing is not a 

reliable test for diagnosing dysfunctional breathing.24 When lowering arterial 

CO2-tension during voluntary hyperventilation, the symptoms of 

hyperventilation did not always depend on the amount of CO2 decrease 

achieved. Additionally, hyperventilation symptoms may occur without a 

decrease in CO2-tension.24 The sensitivity to hypocapnia is possibly a more 

important factor than the absolute arterial CO2-tension.4,23 Others have showed 

that exercise testing could be useful in diagnosing dysfunctional breathing, 

although not in a RCT.25,26 In children no RCT in hyperventilation provocation 

tests could be identified. In children the Bruce treadmill protocol can be used as 

an exercise test for children from the age of 4 years and older, although more 

typically this would involve children from the age of 8 years.27,28 The Bruce test 

is a test where children walk or run on a motor-driven treadmill with increases 

in angle of inclination and speed. Exercise tests are used in cardiovascular 

evaluation in paediatric patients. In case of a poor exercise test with exclusion 

of cardiac and pulmonary disease, dysfunctional breathing should be 

considered. 
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In VCD pulmonary function testing could be helpful.11 The spirometric 

demonstration of a decrease in the ratio of the forced mid-inspiratory flow 

(FIF50) to the forced mid-expiratory flow (FEF50), which should be more than 1, is 

visually evidenced by a flattening of the inspiratory portion of the flow-volume 

loop.11 This indicates upper airway obstruction, which could be caused by VCD. 

However, organic conditions such as subglottic stenosis and vocal cord paralysis 

could produce the same spirometric result. Flexible fibreoptic laryngoscopy or 

bronchoscopy, while the patient is symptomatic, is essential to confirm the 

diagnosis of vocal cord dysfunction.5 

 

Treatment of breathing abnormalities 

At present there is no standardized treatment for HVS or DB. When patients are 

able to reproduce their symptoms with voluntary overbreathing, breathing in a 

(paper) bag, increasing arterial CO2-tension, could relieve the symptoms.10 

When this is successful, the rapid relief of symptoms is reassuring for the 

patient. In 44 paediatric patients reassurance was the initial treatment. A 

rebreathing bag was employed in all cases with symptoms at the time of 

examination. This technique was universally successful in terminating an 

attack.16 Also in the study of Herman et al. most children were simply reassured 

that they were suffering from a benign disorder.17 

Several kinds of physiotherapy are suggested in the adult literature.29 Besides 

reassurance and breathing in a bag, breathing retraining or physiotherapy 

focussed on breathing are treatment options. Relaxation therapy and therapy 

on improving costodiaphragmatic breathing improves symptoms of 

hyperventilation.29 Another technique known as the Papworth Method reduced 

complaints in adults.30 This method involves a sequence of integrated breathing 

and relaxation exercises focused on DB including hyperventilation. In a RCT in 

adults with DB 12 months after the intervention with the Papworth method the 

reduction in the Nijmegen questionnaire was preserved.30 In a randomized 

controlled trial in adults with symptoms suggestive of dysfunctional 

breathing(Nijmegen questionnaire score >23) and asthma, a clinically relevant 

improvement in quality of life was found following breathing retraining with 

physiotherapy. This improvement in quality of life was maintained for six 

months after the intervention in 25% of the patients.8 This implies that 75% of 

the patients had recurrence of their symptoms. There is some evidence that in 
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adults breathing retraining relieves symptoms, and that this is in the minority of 

cases maintained in time. Long-term studies were not identified. In children no 

interventional studies could be identified. In our experience most of the children 

we identify with DB benefit from physiotherapy aimed at relaxation and at 

maintaining a normal breathing pattern. These preliminary observations need 

confirmation and further exploration in rigorously designed further studies. 

In VCD there is no standardized treatment. In the literature interventions 

range from education to invasive surgical procedures (Table 4).31,32 The best 

suggested approach in adult VCD is a multidisciplinary approach where 

pulmonologist, otolaryngologist, psychiatrist and speech therapist work 

together in the evaluation and treatment of VCD.33,34 The patient with VCD may 

present with severe respiratory distress.11 Sedative anxiolytics are 

beneficial[35]. In a case report in 4 of 5 patients with acute onset VCD Heliox 

(20%-40% oxygen in helium) reduced symptoms resulting in a dramatic 

improvement in wheezing and anxiety.36 For chronic treatment biofeedback, 

hypnosis and psychotherapy are used.11 Speech therapy and patient education 

are the mainstays in treatment of VCD.11 

 

Table 4: Interventions for VCD 

Explanation and reassurance Psychotropic medication 

Behavioural medicine Breathing helium-oxygen mixtures 

Speech therapy CPAP 

Breathing exercise Botulinum toxn 

Biofeedback Bilateral nerve blocks 

Hypnosis Posterior fossa cystectomy 

psychotherapy Tracheostomy 

 

Prognosis of breathing abnormalities 

Without organic disease the prognosis is usually good. But a recurrence of 

symptoms of DB will often occur. Of the 44 identified with HVS, more than one 

year of follow up was done in 18 patients. Of these patients 78%(n = 13) still had 

complaints of HVS.16 In long-term follow-up(2-28 years) in paediatric patients 

40% had episodes of hyperventilation well in to adulthood.17 This suggests that 

HVS has the potential of becoming a chronic condition in the majority of 

patients. Little is known about the natural history of VCD in adults or children 

due to the lack of studies. In most patients speech and psychotherapy improves 
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symptoms over the short term.11 In a retrospective review in adolescents speech 

therapy was described as beneficial.12 Of the 28 patients 17 were diagnosed with 

exercise induced vocal cord dysfunction (EIVCD), 11 with spontaneous vocal 

cord dysfunction(SVCD). Of the 17 patients with EIVCD 16 were asymptomatic 

without ongoing treatment. One patient in the SVCD group remained 

symptomatic. Speech therapy is beneficial, although spontaneous improvement 

occurred.12 

 

Conclusion 

Breathing abnormalities in children with breathlessness include dysfunctional 

breathing, hyperventilation and vocal cord dysfunction. In children there is 

minimal literature on prevalence, diagnosis, therapy and prognosis. Looking at 

the adult literature, it is a frequent entity not only as a co-morbidity in 

respiratory disease, but also as a problem itself. In adults the diagnosis is 

possible and therapy seems beneficial, but again the literature is sparse. Further 

research in the paediatric population is necessary, first in prevalence but also in 

diagnosis and therapy. This could increase quality of life, decrease the burden 

of breathlessness, and prevent the use of unnecessary medication. 
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Abstract 

Hyperventilation and other clinical manifestations of dysfunctional breathing 

have been reported in childhood, but the prevalence is unknown. In adults, 

dysfunctional breathing may be a relevant comorbidity in asthma. We aimed to 

determine the prevalence of dysfunctional breathing in children with asthma 

and its impact on asthma control.  

We performed a cross-sectional survey in 203 asthmatic children (aged 5–18 

years), using the Nijmegen Questionnaire and the paediatric Asthma Control 

Questionnaire.  

Dysfunctional breathing was found in 11 (5.3%) children; more females (eight 

(12.9%) out of 62) than males (three (2.1%) out 144, p50.002). There was a 

dose–dependent relationship between increasing Nijmegen Questionnaire 

scores (increased risk of dysfunctional breathing) and poorer asthma control. 

Poor asthma control was more common in patients with dysfunctional breathing 

(10 (90.9%) out of 11 children) than in children without (65 (32.3%) out of 192 

children; OR 19.3, 95% CI 3.14–430.70; p,0.0001). The median Asthma Control 

Questionnaire in children with dysfunctional breathing was higher (median 

(range) 2.00 (1.50–3.17)) than in children without (0.50 (0.17–1.17); p,0.001).  

The prevalence of dysfunctional breathing in children and adolescents 

referred to a hospital based paediatric asthma clinic for severe or difficult-to-

control asthma is 5%. The association between dysfunctional breathing and 

asthma control suggests that this may be a clinically relevant comorbidity in 

paediatric asthma. 
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Introduction 
Dysfunctional breathing has been defined as chronic or recurrent changes in 

breathing pattern, causing respiratory and non-respiratory complaints.1 

Symptoms of dysfunctional breathing include dyspnoea with normal pulmonary 

function, deep sighing, chest pain, chest tightness, frequent yawning, 

hyperventilation and breathlessness during exercise.2,3 The severity of these 

symptoms may range from mild and hardly obtrusive to full-blown attacks of 

severe hyperventilation and panic.3 

Although cases of hyperventilation and other clinical manifestations of 

dysfunctional breathing have been reported in childhood4–9, the prevalence of 

dysfunctional breathing in children is unknown. Studies in adults have shown 

that:  

1) dysfunctional breathing may be a relevant comorbidity in (difficult) asthma; 

2) almost one-third of asthmatic adults have symptoms of dysfunctional 

breathing; and 3) treatment for dysfunctional breathing helps in improving 

asthma control in these patients.2 To our knowledge, there are no studies 

examining the prevalence of dysfunctional breathing in asthmatic children and 

adolescents. We designed this study to examine the prevalence of symptoms of 

DB in school-aged children and adolescents with asthma, and to assess its 

association with asthma control. 

 

Methods 
 

Study population 

 

Between June 2008 and June 2009, consecutive children and adolescents 

visiting the Princess Amalia clinic (Zwolle, the Netherlands) for a scheduled 

follow-up visit for asthma were approached for participation in this cross-

sectional questionnaire-based survey. Inclusion was continued over a full 1-year 

period. The diagnosis and management of asthma follows Global Imitative for 

Asthma (GINA) guidelines.10,11 

  



Chapter 4 

76 
 

Inclusion and exclusion criteria 

 

Inclusion criteria were: 1) diagnosis of asthma, made by a paediatrician 

according to international guidelines10; 2) maintenance therapy with inhaled 

corticosteroids (or combination therapy) for at least 3 months before the study; 

3) the ability to perform reproducible lung function testing; and 4) proper 

understanding of the Dutch language. Children with serious bronchopulmonary, 

neuromuscular or cardiovascular comorbidity were excluded. 

 

Nijmegen Questionnaire. 

 

The Nijmegen Questionnaire (NQ) was used to screen patients for the presence 

of symptoms suggestive of dysfunctional breathing (table 1).12 The NQ consists 

of 16 questions on symptoms of dysfunctional breathing. For each item, the 

respondent is asked to rate the occurrence of the symptom on a scale ranging 

from 0 (never) to 4 (very often). Responses are added to form a total NQ score. 

A total score of 23 or higher has a sensitivity of 91% and specificity of 95% for 

the diagnosis of symptomatic hyperventilation in adults12; a score of 18–23 

signifies possible symptomatic hyperventilation. In previous surveys of 

dysfunctional breathing in adults with asthma, an NQ score o23 was used to 

identify dysfunctional breathing.13,14 

 

Table 1: Symptoms suggestive of DB: the Nijmegen questionnaire 

Chest pain Bloated sensation in stomach 

Feeling tense Tingling in fingers and hands 

Blurred Vision Difficulty in breathing or taking a deep 

breath 

Dizziness Stiffness or cramps in fingers or hands 

Confusion or loss of touch with reality Tightness around the mouth 

Fast or deep breathing Cold hands or feet 

Shortness of breath Palpitations in the chest 

Tightness across chest Anxiety 
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Asthma control. 

 

Asthma control was measured by the childhood Asthma Control Questionnaire 

(ACQ).15–18 Children aged o12 years completed the questionnaires themselves; 

in children aged ,12 years, the parents completed the questionnaires. 

Aggregated ACQ scores, 1.0 were considered to indicate well-controlled 

asthma.17 

 

Pulmonary function and Nitric Oxide measurement 

 

Expiratory flow–volume loops were recorded according to European Respiratory 

Society guidelines19 on a Jaeger MasterScreen (Jaeger, Houston, TX, USA). The 

forced expiratory volume in 1 s and forced vital capacity were recorded, and 

expressed as a % of the predicted reference value.20 Exhaled nitric oxide fraction 

(FeNO) was measured using the NIOX MINO device (Aerocrine, Solna, Sweden), 

according to standardised guidelines21 and expressed in parts per billion. 

 

Specific IgE to inhaled allergens 

 

Data on aero-allergen sensitisation were recorded from the chart if it had been 

obtained no longer than 2 years before the patient entered the study. The 

ImmunoCap system (Pharmacia Diagnostics, Uppsala, Sweden) was used for 

specific IgE assessments. Sensitisation was defined as a specific IgE 

concentration ≥0.35 kU/L. A positive specific IgE test for any of the five major 

aero-allergens for children in the Netherlands (house dust mite, tree and grass 

pollen, cat and dog dander) was considered to reflect aero-allergen 

sensitisation. 

 

Statistical analysis 

 

SPSS 15.0 (SPSS Inc, Chicago, IL, USA) was used to analyse the data using t-tests 

to compare means and χ2 tests to compare proportions. NQ score, FeNO levels 

and ACQ scores were assessed by nonparametric methods because of their non-

normal distributions. Total IgE levels were log-transformed before analysis. 
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Results 
A total of 206 children and their parents were included in the survey. None of 

the approached parents and children declined participation. Characteristics of 

the 206 patients are presented in table 2. Most patients had well-controlled 

asthma with normal lung function, as reported previously in studies from our 

clinic22,23, and in studies from similar settings. 

 

Table 2: Demographic and clinical characteristics of the 206 study participants. 

Female 62(30.1) 

Age years 10.4±3.7 

BMI kg/m2 17.2±3.1 

Asthma maintenance therapy 

ICS# ≤ 250 µg/day 

ICS 251-500 µg/day 

ICS > 500 µg/day 

Combination therapy ICS + LABA 

195 (94.7) 

143 

44 

1 

51 

FVC % pred 101.3±12.0 

FEV1 % pred 100.3±14.7 

FeNO ppb 12.5 (0-24) 

Sensitised to one or more aeroallergens 106(51,5) 

Data are presented as n (%), mean¡SD, n or median (range). BMI: body mass index; ICS: inhaled 

corticosteroids; LABA: long-acting b-agonist; FVC: forced vital capacity; % pred: % predicted; 

FEV1: forced expiratory volume in 1 s; FeNO: exhaled nitric oxide fraction. #: daily dose of 

fluticasone (or equivalent). 

 

Prevalence of dysfunctional breathing 

 

The response to the individual items in the NQ is presented in table 3. The 

frequency distribution of total NQ scores is presented in figure 1. Of the 206 

patients, 11 (5.3%) had NQ scores ≥23, indicating dysfunctional breathing, and 

18 (8.7%) had NQ scores of 18–23 (possible dysfunctional breathing). Females 

were more likely to have dysfunctional breathing (NQ score ≥23, eight (12.9%) 

out of 62) than males (three (2.1%) out of 144; p=0.002). There was no 

significant difference in age between children with NQ scores ≥23 (mean ±SD 

11.7±4.7 years) and those with NQ scores <23 (10.4±3.7 years; p=0.321) The 

ages of the 11 children with high NQ scores indicating dysfunctional breathing 

ranged from 5 to 18 years (mean 11.7 years). 
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 Table 3: Responses to individual items in the Nijmegen Questionnaire (NQ) 

All patients# Never Seldom Sometimes Often Very often 

Chest pain 125 38 34 2 2 

Feeling tense 78 54 47 16 3 

Blurred Vision 136 30 25 6 1 

Dizziness 122 31 32 9 2 

Confusion or loss of touch with 

reality 

173 9 17 0 0 

Fast or deep breathing 45 57 68 27 3 

Shortness of breath 108 46 41 5 1 

Tightness across chest 74 56 57 9 1 

Bloated sensation in stomach 119 40 30 7 2 

Tingling in fingers and hands 155 27 15 4 0 

Difficulty in breathing or taking a 

deep breath 

70 42 71 15 1 

Stiffness or cramps in fingers or 

hands 

183 12 4 1 0 

Tightness around the mouth 191 7 1 0 0 

Cold hands or feet 114 28 35 15 7 

Palpitations in the chest 111 46 31 7 3 

Anxiety 137 30 23 4 3 

NQ>23*      

Chest pain 3 2 4 1 1 

Feeling tense 0 0 6 3 2 

Blurred Vision 2 3 3 2 1 

Dizziness 1 1 5 2 2 

Confusion or loss of touch with 

reality 

3 2 6 0 0 

Fast or deep breathing 0 1 4 4 2 

Shortness of breath 1 4 5 1 0 

Tightness across chest 2 1 4 4 0 

Bloated sensation in stomach 3 0 3 3 1 

Tingling in fingers and hands 3 3 2 3 0 

Difficulty in breathing or taking a 

deep breath 

0 0 6 5 0 

Stiffness or cramps in fingers or 

hands 

5 4 1 1 0 

Tightness around the mouth 8 3 0 0 0 

Cold hands or feet 0 0 3 3 5 

Palpitations in the chest 1 1 4 2 3 

Anxiety 2 1 4 2 2 

Data are presented as n. #: n=206; *: n=11. 

Figure 1. Frequency distribution of Nijmegen Questionnaire total scores.  
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Impact on asthma control 

 

Completed ACQ questionnaires were obtained in 203 (98.5%) children. Overall, 

asthma was well controlled in the study population, with 128 (63.1%) children 

having an ACQ score <1.0, indicating fully controlled asthma. The relationship 

between NQ scores and ACQ scores is presented in figure 2. There was a dose–

dependent relationship between increasing NQ scores (increased risk of 

dysfunctional breathing) and poorer asthma control, despite the limited 

variability in ACQ scores. Poor asthma control (ACQ >1) was significantly more 

common in patients with NQ scores ≥23 (10 (90.9%) out of 11 children) than in 

children with an NQ score <23 (65 (32.3%) out of 192; OR 19.3, 95% CI 3.14–

430.70; p<0.0001). The median ACQ in children with an NQ score ≥23 was higher 

(median (range) 2.00 (1.50–3.17)) than in children with an NQ score <23 (0.50 

(0.17–1.17); p<0.001) (fig. 1). 
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Figure 2. Asthma Control Questionnaire (ACQ) score for the different groups of Nijmegen 

Questionnaire Score. <18: no dysfunctional breathing; 18–23: possible dysfunctional breathing; 

>23: dysfunctional breathing. 

 

 

 

Relationship of NQ scores to pulmonary function, FeNO levels and aeroallergen 

sensitisation 

 

There were no significant differences in sex, pulmonary function, FeNO and 

sensitisation to aero-allergens between patients with low, intermediate and 

high NQ scores (table 4). 
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Table 4: Relationship of Nijmegen Questionnaire (NQ) scores to sex, pulmonary function and 

aero-allergen sensitisation. 

 NQ score ≥ 23 NQ score 18-23 NQ score  < 18 p-value 

Female/male 8/3 11/7 130/47 0.003 

FEV1 % pred 102.8±11.6 99.18±12.3 100.3±15.17 0.825 

FeNO ppb 14.0 (2.3-24.8) 13 (6.8-51.3) 12.0 (0-23.8) 0.312 

Aero-allergen 

sensitization 
3/11 9/18 94/177 0.251 

Data are presented as n, mean¡SD or median (range), unless otherwise stated. FEV1: forced 

expiratory volume in 1 s; % pred: % predicted; FeNO: exhaled nitric oxide fraction. 

 

Discussion 
In this large sample of paediatric outpatients with chronic persistent asthma, 

5% of patients had symptoms suggestive of dysfunctional breathing on the NQ. 

This prevalence of dysfunctional breathing in children with asthma is much 

lower than that reported in adults in previous similar surveys (29%).14 Despite 

the low prevalence of dysfunctional breathing in children and adolescents with 

asthma, our survey did show a significant and clinically relevant negative 

association between dysfunctional breathing and asthma control (fig. 2). This 

suggests, therefore, that screening for dysfunctional breathing as a significant 

comorbidity may be justified in children and adolescents with asthma, in 

particular when asthma is poorly controlled.24,25 

To our knowledge this is the first study examining the prevalence of 

dysfunctional breathing in children and adolescents with asthma. In adults, 

dysfunctional breathing has been studied more extensively. In general 

population samples of adults, prevalence rates of dysfunctional breathing of 6–

10% have been reported.26,27 In a UK primary care practice, in a random sample 

of 300 adults with asthma, 29% had scores ≥23 on the NQ.13 In agreement with 

our study, dysfunctional breathing was more common in females than in males. 

In contrast to the previous studies in adults, which were conducted in general 

practice, our population was recruited in a specialised hospital-based paediatric 

asthma clinic, in which patients can only be seen after referral by their primary 

care practitioner. It is likely, therefore, that the population of children and 

adolescents recruited for this study represents a more severe or difficult-to-

control group of asthmatic patients than the groups of patients in previous 

studies in adults who were recruited from primary care practices. Even in this 

group of children and adolescents with relatively severe or difficult to treat 
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asthma, dysfunctional breathing was rare. Together with the rarity of published 

data on dysfunctional breathing in children, this observation strongly suggests 

that dysfunctional breathing is rarer in children than in adults with asthma. 

Despite its relatively low prevalence, however, there was a strong and dose-

dependent association between dysfunctional breathing and asthma control in 

our study (fig. 2). Due to the cross-sectional nature of our study, it is impossible 

to draw firm conclusions as to the causal nature of this association. There is 

overlap between symptoms of dysfunctional breathing (table 1) and those of 

asthma, with symptoms such as shortness of breath, chest tightness, 

impossibility of deep breathing and rapid breathing. It could, therefore, be 

argued that increased NQ scores are merely a marker of more severe or more 

poorly controlled asthma. The symptoms of fast or deep breathing, difficulty in 

breathing or taking a deep breath, and tightness across chest were indeed 

frequently reported by patients with NQ scores >23, but shortness of breath was 

not (table 3). Because physiotherapy for dysfunctional breathing in adult 

asthmatics not only reduces dysfunctional breathing symptoms but also 

improves their asthma, identifying and treating dysfunctional breathing in 

adults is clinically worthwhile. Our results, showing an association of 

dysfunctional breathing to poor asthma control in children, suggest that 

identifying and treating dysfunctional breathing in asthmatic children is worth 

pursuing as well. 

Treatment of dysfunctional breathing is directed at relaxation and re-

institution of normal breathing pattern, by means of breathing retraining 

techniques under supervision of a physiotherapist.2,28 In adult asthmatics, such 

treatment with brief physiotherapy intervention improves symptoms of 

dysfunctional breathing, reduces impairment by breathing problems in daily life 

and, when exercising, increases both generic and disease-specific quality of life, 

and reduces the number of emergency visits for asthma.2,28 These 

improvements were maintained in many patients 6 months after the 

intervention.2 No such studies have been performed in children and 

adolescents. Our clinical experience suggests that breathing retraining in 

paediatric patients with asthma and symptoms of dysfunctional breathing is 

beneficial in reducing complaints.3 

The primary strength of our study is that it is the first to examine the 

presence of dysfunctional breathing in children with asthma, and its association 

with asthma control. Similar to earlier studies on dysfunctional breathing, the 
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main limitation of our study is the lack of a gold standard for dysfunctional 

breathing. In adults, the NQ has been used as a screening tool for dysfunctional 

breathing, although it was originally developed as a questionnaire for 

hyperventilation, which, although part of the dysfunctional breathing spectrum, 

is not identical to dysfunctional breathing.3 The NQ has not been validated in 

children. Clinical descriptions of dysfunctional breathing in children have 

reported symptoms such as deep sighing or excessive yawning that are not 

captured in the NQ.29 In addition, the NQ has only been developed as a screening 

tool for the diagnosis of hyperventilation, not as an instrument to assess the 

severity of dysfunctional breathing symptoms.30 When asthma is not well 

controlled, especially in exercise, and the asthma treatment is optimised 

without improvement of asthma symptoms, dysfunctional breathing should be 

considered as a comorbidity. Awaiting further validation, the NQ may be used 

for such screening purposes. Exercise-induced shortness of breath without 

wheeze appears to be the most common presenting symptom of dysfunctional 

breathing in children.3,8,9 Visual inspection of breathing pattern during exercise 

by paediatric physical therapists may also help in recognising dysfunctional 

breathing.3 

Further studies are therefore needed to develop and validate a screening 

instrument for dysfunctional breathing and its severity in children and 

adolescents, in particular for those with asthma. 

In conclusion, dysfunctional breathing appears to be rare in children and 

adolescents referred to a hospital-based paediatric asthma clinic for severe or 

difficult-to-control asthma, with only 5% of patients reporting an NQ score o23. 

However, the strong and dose-dependent association between dysfunctional 

breathing and asthma control suggests that dysfunctional breathing may be a 

clinically relevant comorbidity in paediatric asthma, and that identifying and 

treating dysfunctional breathing in children and adolescents with asthma may 

be worthwhile. For this purpose, a valid screening instrument for dysfunctional 

breathing in children is urgently needed. 
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ABSTRACT 

Objective 

Although asthma has been linked to psychological morbidity, this relationship 

may be confounded by poor asthma control. We aimed to compare the 

prevalence of anxiety, depression and low level of self-esteem in children with 

well-controlled asthma with that of healthy peers. 

Patients 

70 patients with mostly well-controlled asthma and 70 matched healthy 

controls. 

Interventions 

Comprehensive asthma education, management and follow-up for asthma 

patients. 

Main outcome measures 

Validated Dutch versions of the Childhood Depression inventory (CDI), Revised 

Fear Survey for Children (RFSC), Self-perception Profile for Children (SPC-C) and 

Adolescents (SPC-A) and State-Trait Anxiety Inventory for Children (STAIC). 

Asthma control assessed by asthma control questionnaire. 

Results  

No significant differences were found in total scores between asthmatics and 

controls (95% CI for difference −0.2 to 2.9 for CDI, −5.9 to 11.2 for RFSC, −19.9 

to 6.3 for SPC-C, −24.1 to 5.0 for SPC-A and −2.7 to 0.01 for STAIC). There were 

also no significant differences between asthmatics and controls in the 

prevalence of scores exceeding cut-off levels for clinically relevant anxiety (13.3 

vs 13.0%, p=0.605), depression (12.9 vs 5.7%, p=0.243) or low self-esteem (21.4 

vs 12.9%, p=0.175). A significant correlation was found between poorer asthma 

control and CDI (p=0.012) and anxiety trait symptoms ( p<0.001). 

Conclusions 

Children with well-controlled asthma enrolled in a comprehensive asthma 

management programme do not have an increased risk of anxiety, depression 

and poor self-esteem. Earlier reports of psychological comorbidity in asthma 

may have been related to inadequately controlled asthma.  
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Introduction 

An increased risk of psychological comorbidity has been found in children with 

chronic conditions in general1,2, and in children with asthma specifically.3,4 This 

association should be interpreted cautiously, however, for a number of reasons. 

First, the risk of anxiety and depression differed considerably between studies, 

and there have also been studies showing no increased risk of anxiety and 

depression in asthma.5,6 Second, there were large differences between studies 

in measurement instruments and definitions of psychological comorbidity. 

Finally, even in studies observing an association between anxiety/depression 

and asthma, it remained unclear which was the cause and which was the effect. 

Although the risks of anxiety and depression appear to increase with increasing 

asthma severity7,8 in a dose-dependent fashion9, the methodological differences 

between studies limit the possibility to address this important issue in the 

available literature. No studies to our knowledge have examined the 

relationship of psychological comorbidity to the level of asthma control, which 

has become the main focus of asthma management in contemporary guidelines. 

We hypothesised that anxiety, depression and low self-esteem may be 

consequences of poor asthma control, and that the prevalence of these 

psychological conditions in children enrolled in a comprehensive asthma self-

management programme with close follow-up, good adherence and good 

asthma control would be comparable to those of their healthy peers. The 

present study was designed to test this hypothesis. 

 

Methods 

This was a cross-sectional patient-control study, investigating the prevalence of 

anxiety, depression and low self-esteem in children with completely or partly 

controlled asthma managed and followed up at our paediatric asthma clinic, 

compared with healthy peers matched for age, gender and socioeconomic 

status (SES).  

Details of our asthma management programme have been reported 

previously.10,11 Briefly, the programme includes children with chronic persistent 

asthma, referred by general practitioners because of insufficient asthma control 

despite treatment with inhaled corticosteroids (ICS). After confirming the 

diagnosis of asthma, a treatment plan consisting of ICS and additional controller 

therapy if needed is being agreed by patients, parents and medical team. 
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Asthma nurses provide comprehensive self-management education, including 

repeated inhalation instruction and discussion of parental views, beliefs and 

concerns. We have previously reported high adherence to ICS therapy and good 

asthma control in patients enrolled in this programme at our clinic.10–13 

 

Study subjects 

Patients 

 

Consecutive children with asthma, who fulfilled the inclusion criteria for this 

study, were asked to participate in the study during a scheduled follow-up visit. 

The inclusion criteria were age between 8 and 15 years, daily ICS maintenance 

treatment for at least 1 year and regular follow-up by a paediatrician. We 

excluded children with serious respiratory comorbidity (history of neonatal 

chronic lung disease, trachea-bronchomalacia or other congenital lung and 

heart abnormalities) and children with insufficient understanding of the Dutch 

language (including developmental problems or mental retardation). 

 

Controls 

 

Each participating child with asthma was asked to invite a friend or classmate, 

matched for age, gender and SES as a healthy control subject. For this group, the 

same inclusion and exclusion criteria applied. 

 

Ethics 

 

This study was approved by the hospital’s medical ethics committee, a licensed 

subsidiary of the Dutch national ethics review board for research involving 

human subjects. All parents provided written informed consent. Children aged 

≥12 years completed separate informed consent forms. 
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Psychological questionnaires 

 

Participants (patients and controls) completed questionnaires under 

supervision and guidance of a researcher (SLL) who had been trained to work 

with the instruments by child psychologists. Parents were allowed to be present 

during the session, but were asked to refrain from giving input on their child’s 

responses. We used validated Dutch translations of four commonly used self-

report questionnaires for depression, anxiety and self-esteem. Children only 

completed questionnaires validated for their age. 

The Children’s Depression Inventory (CDI) is a 27-question self-report 

questionnaire that covers the cognitive, affective and behavioural symptoms of 

depression in children 8–17 years of age. Each item is scored as absence (0 

points), mild presence (1 point) or clear presence (2 points) of the symptom, 

leading to a total score from 0 to 54, which can be converted into percentile 

scores, adjusting for age, gender and educational level. A total score ≥16 

indicates possible clinical depression for which further investigation is 

recommended.14 

The Revised Fear Survey for Children (RFSC) quantifies subjectively 

experienced anxiety in children 6–12 years of age. It consists of 80 potentially 

fear-inducing objects or situations, to be scored on an ordinal scale ranging from 

not frightening (1 point) to very frightening (3 points). Items are grouped into 

five subscales: fear of failure and criticism, of the unknown, of small injuries or 

small animals, of danger and death, and fear of medically related situations. The 

total anxiety score (80–240) describes the general tendency of a child to react 

anxiously to certain situations or objects (fear disposition). Scores can be 

converted into decile scores. Decile scores ≥8 are considered to be within the 

clinical range.15 

The Self-Perception Profile for Children, a self-report questionnaire for 

children 8–12 years (SPC-C) and adolescents 12–18 years of age (SPC-A), uses 36 

four-choice items to assess the child’s self-perception of competence on seven 

subscales: school competence, social acceptance, sports capacity, physical 

appearance, behaviour and attitude, global self-esteem and, in 12–18 year olds, 

close friendships. Scores can be converted into percentile scores using norm 

tables. Scores below the 15th centile are considered to be abnormal.16 

Finally, the State-Trait Anxiety Inventory for Children (STAIC) consists of two 

20-item self-report questionnaires: one focusing on the child’s present level of 
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anxiety (anxiety state) and the other focusing on the child’s general anxiety level 

(anxiety trait). The instrument is validated for children 8–15 years of age. The 

total score (ranging from 20 to 60) is obtained by adding all individual item 

scores and can be converted into centile scores.17 

 

Asthma status 

 

We recorded information on asthma duration, medication use, atopic 

sensitisation, exposure to environmental tobacco smoke, asthma exacerbations 

in the past year for which prednisolone or hospital admission was required and 

forced expiratory volume in 1 s (FEV1), expressed as a percentage of predicted 

from the hospital chart (methods of which have been published previously12). 

Each child with asthma completed the Dutch version of the Asthma Control 

Questionnaire (ACQ) during the same visit in which the psychological 

questionnaires were filled out. An ACQ score <1.0 indicates complete asthma 

control; scores over 1.5 suggest inadequately controlled asthma in adults.18 

 

Other variables 

 

An additional brief questionnaire was used to collect information about the 

following potential confounding factors: age, gender, medical history, number 

of siblings and caregiver’s education as approximate measure of SES. SES was 

scored as low (completed basic education to age 16, no further education), 

moderate (completed vocational training) or high (completed applied sciences 

or university education). 

 

Data analysis 

 

We assumed a 5% prevalence of anxiety, depression or low self-esteem in 

healthy control subjects, and prespecified that the study sample size should 

allow identification of a prevalence of 25% of these psychological issues in 

children with asthma.3,5 With significance set at 2.5% to allow for multiple 

comparisons (anxiety, depression, low self-esteem and any of these), to detect 

an 18% difference in the prevalence of psychological comorbidity with 90% 

power required inclusion of 70 children with asthma and 70 controls. 
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Differences in psychological scores between asthmatic patients and healthy 

controls were assessed by χ2 analysis (proportions), Student t tests (numerical 

data) and their 95% CIs using IBM SPSS Statistics V.19. The primary end points 

were the total scores of each of the four different questionnaires; subscale 

scores were analysed as secondary end points. 

 

Results 

Description and comparability of groups 

 

Of 156 eligible children with asthma who were asked to participate, 70 (44.9%) 

consented. The most common reasons cited for non-participation were lack of 

time and the child’s unwillingness. There were no statistically significant 

differences between participating asthmatic children and those declining 

participation in age, gender, duration of asthma or use of other medication than 

ICS (all p values >0.1). Each asthma patient brought a healthy age-matched and 

gender-matched control. Characteristics of patients and controls are given in 

table 1. Most patients had well-controlled asthma, with low ACQ scores, no 

exacerbations in the past year and normal lung function (table 1). Mean ACQ 

was <1, the threshold for complete asthma control; 26 children (37%) had an 

ACQ >1.0, of which 10 (14% of the population) had a score >1.5 (indicating 

inadequately controlled asthma). There were no significant differences in total 

questionnaire scores (table 2) or in the proportion of children with scores above 

the reference threshold of the instrument (table 3) between asthmatic children 

and healthy controls. Children with asthma showed lower scores on the 

competence-subscale behaviour and attitude (table 2), and were also more 

likely to report items fitting the CDI item loneliness (15/70, 21.4%) than their 

healthy peers (4/70, 5.7%, p=0.017). 

In the 70 children with asthma, we found significant correlations of higher 

ACQ scores (poorer asthma control) to higher CDI scores (r=0.298, p=0.012) 

and higher STAIC anxiety trait scores (r=0.395, p<0.001). Although a similar 

trend was observed for the correlation between ACQ and RFSC (n=45, r=0.286, 

p=0.056), CBSK (n=42, r=−0.1888, p=0.232), SPC-A (n=28, r=−0.309, p=0.110) 

and STAIC anxiety state (r=0.130, p=0.285), these correlations were not 

significant. There was no significant correlation between FEV1%pred and any of 

the psychological questionnaire scores (all p values >0.1). Patients who had 

had an asthma exacerbation in the past year had higher CDI scores (95% CI for 
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difference 0.2 to 5.9, p=0.04) and higher anxiety trait scores (95% CI for 

difference 0.4 to 7.7, p=0.03) than children without an exacerbation; other 

scores did not differ between the two groups (p values >0.1). There were no 

significant correlations of the possible confounding factors age, gender, SES, 

number of siblings and time since the diagnosis of the asthma to our primary 

outcome scores (all p values >0.2). 

 

Table 1: Participant characteristics 

 Asthma* (n=70) Controls* (n=70) p Value 

Gender    

Male 43 (61.4%) 39 (55.7%) 0.49 

Age (years) 11.3 (±2.3)† 11.3 (±2.3)† 0.95 

Non-Caucasian origin 6 (8.6%) 2 (2.9%) 0.54 

Only child 4 (5.7%) 2 (2.9%) 0.404 

Divorced parents 10 (14.3%) 16 (22.9%) 0.28 

Level of education father    

Low 21 (30.0%) 13 (18.6%) 0.28 

Moderate 32 (45.7%) 36 (51.4%)  

High 17 (24.3%) 21 (30.0%)  

Level of education mother    

Low 40 (57.1%) 28 (40.0%) 0.09 

Moderate 20 (28.6%) 32 (45.7%) 0.5 

High 10 (14.3%) 10 (14.3%)  

Smoking parents    

No smoking 49 (70.0%) 52 (74.3%)  

Smoking outside the house 15 (21.4%) 10 (14.3%)  

Smoking inside the house 6 (8.6%) 8 (11.4%)  

Duration of asthma (years) 8.0 (3.5) – – 

Asthma exacerbations‡ 16 (22.9%) – – 

Allergy 62 (88.6%) – – 

ACQ-score 0.95 (0.55)† – – 

FEV1%pred 97.9 (9.7)† – – 

*Data in numbers (%). 

†Data as means (± SEM). 

‡Number (%) of patients with an exacerbation requiring hospital admission or oral prednisolone 

in the past year. 

ACQ, asthma control questionnaire; FEV1%pred, forced expiratory volume in the first second of 

expiration, expressed as percentage of the reference value. 
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Table 2: Results of psychological questionnaire scores in children with asthma and healthy controls 

Questionnaire Asthma* Controls* p Value 95% CI difference† 

CDI (completed by 70 children with asthma and 70 controls) 

Rough score [0–54], 7.6 (±5.2), 6.2 (±4.3) 0.095 1.3 (−0.2 to 2.9) 

Centile [0–100] 48.1 (±27.3) 41.6 (±25.2) 0.148 6.4 (−2.3 to 15.2) 

RFSC (45 asthma, 46 controls) 

Total score 

Rough score [80–240] 116.9 (±20.4) 114.3 (±20.8) 0.544 2.6 (−5.9 to 11.2) 

Decile [1–10] 5.1 (±2.9) 4.5 (±3.1) 0.387 0.5 (−0.7 to 1.8) 

Subscale anxiety‡ 

Failure and criticism 5.3 (±2.9) 5.0 (±3.2) 0.603 0.3 (−0.9 to 1.6) 

The unknown 6.9 (±2.7) 5.8 (±3.0) 0.095 1.0 (−0.2 to 2.2) 

Small injuries and animals 5.5 (±3.1) 5.1 (±3.0) 0.910 0.4 (−0.9 to 1.6) 

Danger and death 5.1 (±2.6) 5.0 (±2.8) 0.874 0.1 (−1.0 to 1.2) 

Medical fear 5.4 (±2.7) 6.5 (±2.9) 0.852 −1.1 (−2.3 to 0.05) 

SPC-C (42 asthma, 44 controls) 

Level of self-esteem 

Rough score [6–24] 60.1 (±32.7) 66.9 (±28.0) 0.305 6.8 (−19.9 to 6.3) 

Centile [0–100] 20.6 (±3.6) 21.5 (±2.5) 0.188 −0.9 (−2.3 to 0.4) 

Other domains§ 

School skills 17.1 (±4.3) 18.2 (±3.4) 0.195 −1.1 (−2.7 to 0.6) 

Social acceptance 19.1 (±3.9) 22.1 (±10.6) 0.087 −3.0 (−6.4 to 0.4) 

Sporting skills 18.6 (±4.1) 19.7 (±3.1) 0.151 −1.1 (−2.7 to 0.4) 

Physical appearance 20.4 (±4.2) 21.0 (±3.5) 0.460 −0.6 (−2.3 to 1.0) 

Behaviour and attitude 17.6 (±3.7) 19.1 (±3.0) 0.040 −1.5 (−3.0 to −0.07) 

SPC-A (28 asthma, 26 controls) 

Level of self-esteem 

Rough score [6–24] 56.5 (±27.0) 66.0 (±26.2) 0.192 −9.6 (−24.1 to 5.0) 

Centile [0–100] 16.0 (±2.0) 16.9 (±2.5) 0.234 −0.9 (−2.3 to 0.6) 

Other domains§ 

School skills 14.3 (±2.9) 14.3 (±2.0) 0.981 0.0 (−1.4 to 1.4) 

Social acceptance 15.9 (±3.3) 16.5 (±2.4) 0.464 −0.6 (−2.1 to 1.0) 

Sporting skills 12.1 (±4.2) 13.4 (±2.6) 0.185 −1.3 (−3.2 to 0.6) 

Physical appearance 13.9 (±3.5) 14.9 (±3.3) 0.960 −1.0 (−2.8 to0.9) 

Behaviour and attitude 15.5 (±3.2) 16.1 (±3.2) 0.484 −0.6 (−2.4 to 1.1) 

Close friendships 18.1 (±2.1) 18.5 (±1.4) 0.336 −0.5 (−1.4 to 0.5) 

STAIC (70 asthma, 70 controls) 

Anxiety state 

Rough score [20–60] 26.7 (±4.3) 28.0 (±3.7) 0.052 −1.3 (−2.7 to 0.01) 

Decile [1–10] 3.6 (±2.6) 4.2 (±2.4) 0.219 −0.5 (−1.4 to 0.3) 

Anxiety trait 

Rough score [20–60] 30.5 (±6.6) 29.2 (±6.5) 0.242 1.3 (−0.9 to 3.5) 

Decile [1–10] 5.0 (±3.1) 4.3 (±2.9) 0.163 0.7 (−0.3 to 1.7) 

Results on primary end points are given in bold. *Data in numbers (%) or in mean (+SEM). †Difference in 

means (Asthma—Control) (confidence interval (95% CI) of the difference). ‡Decile score [0–10]. §Centile 

score [0–100]. CDI, Childhood Depression Inventory; RFSC, Revised Fear Survey for Children; STAIC, State-

Trait Anxiety Inventory for Children. 
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Table 3: Participants with scores exceeding reference cut-off points 

 Asthma* Controls* p Value 

CDI rough score ≥16 9 (12.9%) 4 (5.7%) 0.243 

RFSC total score 9th or 10th decile 6 /45 (13.3%) 6 /46 (13.0%) 0.605 

SPC-C/A level of self-esteem ≤15th 

centile 

15/70 (21.4%) 9/70 (12.9%) 0.175 

*Numbers (%). CDI, Childhood Depression Inventory; RFSC, Revised Fear Survey for Children. 

 

Discussion 

This study of children with persistent but mostly well-controlled asthma 

enrolled in a comprehensive asthma management programme showed no 

significant differences in depression, anxiety and self-esteem scores compared 

with a group of healthy control peers. There were also no significant differences 

in the prevalence of children with depression, anxiety or low self-esteem scores 

in the clinical range between asthmatics and controls. In the asthmatic children, 

we observed a significant relationship of poorer asthma control and 

exacerbations to depression and anxiety trait scores. These results support the 

hypothesis that psychological comorbidity in children with asthma is at least 

partly determined by poor asthma control. 

Although some of the available literature agrees with our results4,6, the 

majority of previous studies showed an increased prevalence of psychological 

comorbidity in children with asthma.3,5,19–24 The interpretation of these 

conflicting results is hampered by the differences in study design and methods. 

Patients came from different ethnic backgrounds, which may have influenced 

the degree of psychological morbidity observed.4,25,26 There is also considerable 

variety between studies in the assessment methods of psychological symptoms. 

For example, in the largest survey performed to date, the presence of 

psychological symptoms was recorded by telephone interviews using a 

screening instrument (diagnostic interview schedule for children).3 In contrast, 

we used instruments validated for personal interview application that are widely 

used in clinical practice as screening instruments for depression, anxiety and low 

self-esteem.14–17 

In addition to such methodological differences, the prevalence of 

psychological comorbidity in children with asthma is also likely to be influenced 

by differences in asthma severity and control. In 104 American children with 

asthma, increasing asthma symptom severity was associated with negative 
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affect scores in a dose-dependent fashion.9 This confirmed results from an 

earlier meta-analysis, in which increasing asthma severity was associated with 

higher risk of behavioural problems.7 Unfortunately, however, many previous 

studies failed to provide information about asthma severity and control.4,5,27 Our 

results support the hypothesis that poor asthma control contributes to the risk 

of psychological comorbidity in children with asthma in two ways. First, the 

prevalence of psychological comorbidity in the children with asthma in our study 

did not significantly differ from that observed in our control group (tables 2 and 

3). The children with asthma in our study had a high overall level of asthma 

control and normal lung function (table 1). Second, even in this cohort of 

children with well-controlled asthma, a significant correlation between asthma 

control (ACQ scores and exacerbations) and depression and anxiety symptoms 

was observed. These results underscore the importance of achieving and 

maintaining good asthma control by comprehensive asthma care. 

The strengths of this study include the use of four separate, well-validated 

screening questionnaires for anxiety, depression and low self-esteem, and the 

careful application of these instruments in a personal setting. The well-

characterised setting of a comprehensive asthma management programme also 

adds to the relevance of our findings.10–13 

We acknowledge the following limitations. Selection bias ( possible low 

participation rate of children with behavioural or emotional problems) may have 

played a role, although the study sample of asthmatics was representative of 

the root population of asthmatic children in our programme with respect to 

demographic and clinical characteristics of asthma. Second, we only obtained 

information from the children themselves, without input from parents or 

teachers. The use of such alternative sources is associated with a higher 

prevalence of psychological comorbidity identified.28 Although we deliberately 

chose only to interview children themselves, further studies are needed to 

corroborate our findings using complementary information from parents and 

teachers. Third, our study sample was relatively small compared with previous 

studies. This was partly for reasons of feasibility because we wanted to use well 

validated extensive questionnaires (which are time-consuming to administer) 

instead of simple short screening instruments. Our study was sufficiently 

powered to identify an 18% difference in the prevalence of psychological 

comorbidity between asthmatics and controls, which is below the 20% 

difference we predefined as being clinically relevant. There was no consistent 
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trend towards higher prevalence of psychological morbidity between asthmatics 

and controls, and the 95% CIs for differences in scores between the two groups 

were small for all variables studied (table 2). This makes it unlikely that a larger 

study sample would have yielded different results, although this can never be 

ruled out confidently. Out of the 30 comparisons made, two subscale or item 

variables showed statistically significant but small differences to the 

disadvantage of the asthma group (table 2). This may have been caused by 

multiple comparisons. 

Finally, our method of recruiting healthy controls through peers (friends and 

classmates of the asthmatic patients) may introduce selection bias: it is possible 

that the asthmatic children in our study selected peers of similar psychological 

profiles. On the other hand, this method, which we have used previously29, may 

help to improve matching with respect to other confounders of psychological 

status between patients and controls. 

In conclusion, in children with well-controlled asthma enrolled in a 

comprehensive asthma management programme, there was no increased 

prevalence of symptoms of depression, anxiety and low self-esteem compared 

with healthy peers. Poorer asthma control was associated with higher 

depression and anxiety scores. These results support the hypothesis that the 

previously reported increased prevalence of anxiety and depression in children 

with asthma is at least partly explained by poor asthma control. 
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Abstract: 

Aim 

The prevalence of true therapy-resistant asthma among children whose asthma 

remains uncontrolled, despite daily controller therapy, is unknown. The aim of 

this study was to investigate underlying causes in children with uncontrolled 

asthma.  

 

Methods 

This was a retrospective chart review of 142 children aged from five to 17-years-

old over a five-year period. The patients had uncontrolled asthma and were 

referred by general practitioners to a hospital-based paediatric asthma clinic.  

 

Results  

An underlying cause for uncontrolled asthma was found in 138 children (97.2%). 

The causes were poor adherence (n=53, 37.3%), on-going exposure to 

environmental triggers (n=40, 28.2%), comorbidities (n=28, 19.7%), incorrect 

inhaler technique (n=11, 7.7%) and incorrect diagnosis (n=6, 4.2%).  After 

properly addressing these basics in asthma management, the asthma was well 

controlled in all 138 patients and lung function was normal. Only four children 

(2.8%) fulfilled the criteria for true therapy-resistant asthma. 

 

Conclusion 

A remedial cause in the basics of asthma management could be found in 97% of 

children with uncontrolled asthma referred to a hospital-based asthma clinic. 

True therapy-resistant asthma was found to be very rare in children. 
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Introduction 

Asthma is the most common chronic illness of childhood and has a major impact 

on the daily life of affected children and their families. In clinical trials, childhood 

asthma has usually been well controlled by treatment with inhaled 

corticosteroids (ICS).1 In real life, however, many children with asthma remain 

symptomatic despite ICS.2 Different terms are used to describe this issue, such 

as uncontrolled asthma, problematic asthma or difficult to treat asthma.3 In this 

paper we will use the term uncontrolled asthma to describe these patients. The 

term problematic severe asthma has been used to describe children who have 

uncontrolled asthma despite being prescribed multiple controller therapies, 

including ICS, long-acting beta agonists and leukotriene receptor antagonists.3,4 

There is widespread agreement that the term true therapy-resistant asthma 

should be reserved for children with uncontrolled or problematic severe asthma 

whose asthma remains uncontrolled despite treatment with multiple controller 

drugs after addressing the basics of asthma management.3,4 These include re-

confirming the diagnosis of asthma and excluding other causes of their 

respiratory symptoms,5 teaching and maintaining proper inhalation techniques6, 

adherence to daily controller therapy7, controlling exposure to environmental 

triggers, such as tobacco smoke and relevant inhalant allergens8, and identifying 

and treating comorbidities such as allergic rhinitis and dysfunctional 

breathing.9,10  

Only a minority of children with uncontrolled or problematic severe asthma 

have true therapy-resistant asthma.3,4 There is a consensus among experts that 

getting the basics right in managing childhood asthma may help to control the 

disease in many children with uncontrolled or problematic severe asthma.3,11 To 

our knowledge, however, the exact percentage of children with uncontrolled 

asthma or problematic severe asthma who have true therapy-resistant asthma 

has never been investigated. As a result, there is still controversy about the 

prevalence of true therapy-resistant asthma.12 It is important to resolve this 

controversy, because true therapy-resistant asthma places a major burden on 

healthcare costs, due to the frequent use of hospital facilities and staff for 

repeated exacerbations and the high cost of step four management options, 

such as omalizumab.  

The aim of our study was to investigate the underlying causes of uncontrolled 

asthma in children who had been referred to a hospital-based paediatric asthma 
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clinic by primary care practitioners. We also assessed the prevalence of true 

therapy-resistant asthma among the children. 

 

Methods  

Patients 

 

This study comprised a retrospective cohort study carried out between 1 

January 2005 and 31 December 2009. We reviewed the medical records of all 

children from five to 17-years-of-age who had been referred to a hospital-based 

paediatric asthma clinic at the Princess Amalia Children’s Centre in Zwolle, the 

Netherlands, by primary care practitioners because of uncontrolled asthma. 

Uncontrolled asthma was defined as asthma that was insufficiently controlled 

despite the fact that these children had been prescribed daily ICS treatment. In 

the Netherlands, all children with a medical problem are seen by their general 

practitioner (GP) in the first instance and can only be seen by paediatricians, 

who are all hospital based in the Netherlands, after a GP referral. According to 

the national Dutch guidelines on the management of childhood asthma, GPs are 

recommended to refer children with problematic severe asthma or uncontrolled 

asthma to a paediatrician for evaluation and management13 The Princess Amalia 

Children’s Centre is the paediatric department of the Isala hospital, a large 950-

bed general teaching hospital serving a population of approximately 400,000 

inhabitants. All children in the hospital’s catchment area visit the Princess 

Amalia Children’s Centre if they have been referred by their GP. Children 

referred for problematic severe asthma or uncontrolled asthma are always seen 

by one of the two paediatric respiratory physicians (EdG, PB). Details of our 

paediatric asthma management programme have previously been published.14 

In short, after the diagnosis of asthma has been confirmed following the 

international guidelines15, children are prescribed daily, low to moderate dose 

ICS treatment according to the national Dutch guidelines for the management 

of childhood asthma.16 The children and their parents receive comprehensive 

instructions on how to use the inhalers and self-management education from 

dedicated paediatric asthma nurse specialists.14 Sensitisation to aeroallergens is 

recorded and allergen exposure reduction measures are implemented if 

required after home visits by the paediatric asthma nurse specialists.17 Patients 

are screened for potential comorbidities, such as allergic rhinitis, dysfunctional 
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breathing, obesity, anxiety and depression. Detailed notes are taken about the 

patient’s history, they undergo a physical examination and appropriate follow-

up testing is carried out if required.18  

Identified comorbidities include allergic rhinitis, which is treated with nasal 

corticosteroids, and dysfunctional breathing, which is treated with breathing 

exercises under the supervision of a paediatric physiotherapist. Patients are 

followed up until their asthma has been satisfactorily controlled for at least six 

months. If their asthma remains inadequately controlled after addressing the 

basics of asthma management outlined above, a long-acting bronchodilator and, 

or, montelukast is added to their daily ICS maintenance treatment, in line with 

the national Dutch asthma guidelines.16  

For the purpose of this study, we included all patients who had been using 

ICS for at least three months before they were referred by their GP and who 

were able to undergo pulmonary function testing. We excluded patients with 

bronchopulmonary dysplasia, cystic fibrosis and bronchiectasis and those with 

major neuromuscular or cardiovascular comorbidities. 

The study was approved by the hospital’s ethical review board. 

 

Methods 

 

The following data were extracted from the patients’ electronic files: date of 

birth and age, gender, body mass index (BMI) at referral and during the follow-

up period, type and dosage of daily controller treatment for asthma at each visit, 

sensitisation to aeroallergens, history of tobacco smoke exposure at home and 

home visit reports on home dampness and ventilation, tobacco smoke and 

aeroallergen exposure. We also detailed any relevant comorbidities and their 

treatment as well as the frequency of asthma exacerbations during follow-up 

and the assessment of asthma control by a paediatric respiratory physician 

following national Dutch asthma guidelines.16 Asthma exacerbation was defined 

as seeking urgent medical consultation if an increase in asthma symptoms could 

not be controlled at home by the patient’s reliever medication, a short-acting 

bronchodilator. 

Asthma control was assessed at least once a year using the childhood Asthma 

Control Questionnaire (ACQ) and the last recorded questionnaire was used in 

the data analysis. An aggregate questionnaire score of less than one was 

considered to indicate well-controlled asthma.19  
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Reasons for uncontrolled asthma. 

 

After reviewing the patient’s file, an independent investigator not involved in 

patient care (WK) recorded whether the patient’s asthma was adequately 

controlled after addressing the basics of asthma management - while receiving 

ICS, with or without a long-acting beta agonist or montelukast - or whether the 

patient fulfilled the criteria for true therapy-resistant asthma. 

The independent investigator identified the most important cause of 

uncontrolled asthma in patients whose asthma became adequately controlled 

after addressing the basics of asthma management, as outlined below. 

 

Inhaler technique 

 

Inhaler technique was evaluated and recorded at every follow-up visit. Poor 

inhaler technique was considered to be the cause of uncontrolled asthma if 

patients showed poor inhaler technique at referral and their asthma control 

improved after they were shown and demonstrated the correct use of an 

inhaler.6,20  

 

Adherence  

 

Adherence to daily controller therapy was assessed using a structured interview 

at every follow-up visit.  After expressing sympathy for the fact that many 

patients found it difficult to take their controller medication on a daily basis, 

patients and parents were asked about their experiences and how often they 

were likely to miss a dose during a typical week.  Patients were considered to be 

adherent if they, or their parents, reported that they never missed a dose21 and 

patients were considered to be non adherent if they, or their parents, reported 

missing doses at least once a week and were interviewed about their reasons 

for non adherence. Non-adherence was considered to be the cause of the 

uncontrolled asthma if asthma control improved when non-adherence had been 

addressed by tailored self-management education and was no longer apparent 

from the structured interview at follow up.  
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On-going exposure to environmental triggers. 

 

Reports of home visits performed by paediatric asthma nurses were used to 

assess on-going exposure to relevant aeroallergens that the patient was 

sensitised to, such as house dust mites and cats and dogs. They also assessed 

tobacco smoke at home. If there was on-going exposure to environmental 

triggers, parents received comprehensive counselling on reducing exposure to 

relevant aeroallergens and were asked to avoid smoking in the house.22 On-

going exposure to environmental triggers was considered to be the cause of 

uncontrolled asthma if asthma control improved after reducing environmental 

triggers in the home, as assessed by a parental report to the asthma nurse.  

 

Comorbidity. 

 

Patient records were checked for evidence of allergic rhinitis, dysfunctional 

breathing, recurrent lower respiratory tract infections and obesity, defined as a 

body mass index (BMI) of > 2.5 standard deviation scores above the mean 

weight for the child’s age. Any diagnosis of allergic rhinitis was made by the 

paediatric respiratory physician or the ear, nose and throat surgeon.23 If allergic 

rhinitis was diagnosed, treatment with nasal corticosteroids was instituted, 

together with an oral non-sedating antihistaminic agent if needed.23  

Dysfunctional breathing was defined as a chronic or recurrent change in 

breathing pattern, causing respiratory and non-respiratory complaints such as 

dizziness, chest pain, excessive yawning and anxiety.10 This was confirmed after 

a paediatric physiotherapist examined breathing patterns during a treadmill 

test.24 If dysfunctional breathing was diagnosed, the patient was referred to a 

paediatric physiotherapist for breathing and relaxation exercises. Obese 

children were referred to a paediatric dietician for nutritional advice and were 

encouraged to exercise more. If BMI decreased by at least one standard 

deviation score, the obesity treatment was considered to be successful. Patients 

with symptoms of anxiety or depression were referred to a paediatric 

psychologist for evaluation and targeted treatment. If asthma control improved 

after successful therapy for allergic rhinitis, dysfunctional breathing, obesity or 

psychological problems, then that comorbidity was considered to be the cause 

of uncontrolled asthma.  
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True therapy-resistant asthma. 

 

Patients were considered to have true therapy-resistant asthma if their asthma 

remained incompletely controlled despite step three treatment - daily ICS plus 

long-acting bronchodilator, montelukast or both - and despite addressing the 

basics of asthma management, such as inhaler technique, adherence, on-going 

exposure to triggers and treating relevant comorbidities. 

 

Statistical analysis. 

 

Data were analysed using SPSS version 17.0. Normally distributed data were 

analysed by parametric methods and non-normally distributed data by non-

parametric techniques. 

 

Results 

During the five-year study period, 142 children referred to our clinic for 

uncontrolled asthma fulfilled the inclusion criteria and were included in this 

study. Their clinical characteristics are presented in Table 1. The causes of 

uncontrolled asthma in the 142 children are shown in Figure 1. Only four 

patients (2.8%) met the criteria for true therapy-resistant asthma. In the other 

138 patients (97.2%), uncontrolled asthma was due to shortcomings in basic 

asthma management (Figure 1). The diagnosis of asthma was rejected in six 

children: four with dysfunctional breathing, one with allergic rhinitis and one 

with a chronic cough associated with tobacco smoke exposure at home. In all six 

of these patients, symptoms improved after appropriate therapy for the real 

underlying cause of their symptoms. Asthma medication could be withdrawn in 

all these six patients without any increase or re-occurrence of symptoms. 

Comorbidity was identified as the major cause of problematic asthma in 28 

children (19.7%). Allergic rhinitis was diagnosed in 18 (64%) children, 

dysfunctional breathing in four (14%) and a combination of allergic rhinitis and 

dysfunctional breathing in six (21%). None of the children in this cohort had 

uncontrolled asthma because of obesity, anxiety or depression. 

On-going exposure to environmental triggers was identified as the cause of 

uncontrolled asthma in 40 children (28.2%), relevant aeroallergen exposure in 
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28 (70%) and a combination of on-going allergen and cigarette smoke exposure 

in the remaining 12 (30%).  

 

Table 1: Patient characteristics 

Patients (n) 142 

Male, number (%) 95 (66.9%) 

Age, median (min-max) 8 years (5-17) 

BMI, median (min-max) 16.6 kg/m2 (12.3-24.6) 

Total IgE, median (IQR) 317 kU/L (72-842) 

Sensitisation to aeroallergens, number (%)  

None 25 (17.6%) 

Only house dust mite (HDM) 21 (14.8%) 

Only dog/cat 1 (0.7%) 

Only pollen 7 (4.9%) 

Combination(HDM and/or dog/cat and/or 

pollen) 

88 (62.0%) 

Home exposure only to aeroallergens#, number (%) 92 (64.8%) 

Home exposure only to cigarette smoke*, number (%) 1 (0.7%) 

Home exposure aeroallergens and cigarette smoke, 

number (%) 

38 (26.8%) 

FVC pre-bronchodilator, mean (SD) 99.2 % (12.3) 

FEV1 pre-bronchodilator, mean (SD) 98.1 % (15.4) 

FeNO median (min-max) 23 ppb (5-168) 

Maintenance treatment at referral:  

- Fluticasone ≤250 ug/day 90 (63%) 

- Fluticasone 251-500 ug/day 23 (16%) 

- Fluticasone + long acting beta agonist 29 (20%) 

#Defined as sensitised to aeroallergens and reports of home visits on these aeroallergens, 

performed by paediatric asthma nurses. 

*Defined as smoking reported by paediatric asthma nurses during home visits. 

BMI: body mass index; HDM: house dust mite; FeNO: fraction of nitric oxide in exhaled air; IgE: 

immunoglobulin E; IQR: interquartile range; FVC: forced vital capacity; FEV1: forced expiratory 

volume in one second. 

 

Poor inhaler technique was identified as the main reason for uncontrolled 

asthma in 11 patients (7.8%). The most common reason for uncontrolled 

asthma, however, was non-adherence, which occurred in 53 children (37.3%) 

(Figure 1).  

Partly or completely controlled asthma was achieved in 138 patients (97.2%) 

after addressing the basics of asthma management. One of the patients in the 

true therapy-resistant asthma group moved out of the region before good 
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asthma control was achieved and the remaining three patients (2.1%) remained 

uncontrolled throughout the follow-up period. One patient, who had on-going 

exposure to smoking at home, was uncontrolled at every follow-up visit and the 

other two were only uncontrolled during periods when they did not adhere to 

the therapy. Their asthma was well controlled during periods of good 

adherence. 

 
Figure 1: Causes of problematic asthma 

 

The relationship between daily controller therapy before and after referral 

and to our centre is presented in Table 2. Although the proportion of children 

on combination therapy was slightly higher after attending our centre, than at 

referral, the daily ICS dose was lower. Daily controller therapy could be 

withdrawn altogether from patients if asthma was ruled out. During the first two 

years of follow up after referral, 23 patients (16%) had an asthma exacerbation 

requiring oral prednisolone and eight of these children - 6% of total study 

population - were hospitalised.  

  

Children referred 
because of 

uncontrolled asthma

n=142

True therapy resistant 
asthma

n=4 (2.8%)

Identifiable cause of 
uncontrolled asthma

n=138 (97.8%)

Poor adherence to 
treatment

n=53 (37.3%)

Incorrect inhalation 
technique

n=11 (7.8%)

Ongoing exposure to 
environmental 

triggers

n=40 (28.2%)

Comorbidity

n=28 (19.7%)

Other diagnosis

n=6 (4.2%)
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Table 2: Daily controller therapy in 142 children referred with uncontrolled asthma, before referral and 

after workup in the paediatric asthma clinic 

 After workup at specialist centre  

fluticasone < 

250 ug/day 

fluticasone 

251-500 

ug/day 

combination 

therapy 

medication 

stopped (no 

asthma) 

Total 

before 

referral: 

Before referral:      

Fluticasone < 

250 ug/day 

76 1 12 1 90 

Fluticasone 251-

500 ug/day 

11 2 6 4 23 

Combination 

therapy 

8 2 17 2 29 

Total after 

referral 

95 5 35 7 142 

 

Discussion 

This study showed that when most children were referred to paediatric 

respiratory specialist care with uncontrolled asthma – that is asthma 

insufficiently controlled despite prescription of daily ICS treatment - the cause 

could be found in one of the basics of asthma management (Figure 1). True 

therapy-resistant asthma was very rare in children with on-going symptoms 

despite ICS therapy. The children’s asthma could be well controlled by enrolling 

in a comprehensive programme of careful guideline-based diagnosis and 

management, performed by paediatric respiratory physicians and paediatric 

asthma nurses14, and by addressing and resolving the issues of non-adherence, 

poor inhalation technique, on-going exposure to environmental triggers and by 

treating comorbidities such as allergic rhinitis and dysfunctional breathing.11,25 

Our results, therefore, support the recommendation that basic asthma 

management should be reviewed and addressed in children with problematic 

severe asthma and uncontrolled asthma before increasing their maintenance 

medication.3,4,12 We believe that this key issue should be given more emphasis 

in future paediatric asthma guidelines.  

Although the basics of asthma management addressed in this study are well 

known, it is striking that they remained inadequately addressed in many 

children with asthma, not just in our cohort but in other studies.26 For example, 

in a sample of children referred to a national UK centre for problematic asthma, 

home visits identified potentially modifiable factors in the basics in asthma 
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management in almost 80% of cases.17  This was similar to our study, which 

found that non- adherence and on-going environmental exposures were the 

most common causes of problematic severe asthma. Similarly, although allergic 

rhinitis has been identified as a relevant comorbidity in children with asthma for 

many years27, it remains unrecognised and untreated in many asthmatic 

children.28  We have previously shown that treating allergic rhinitis with nasal 

corticosteroids may help to improve asthma control.9 Although dysfunctional 

breathing is less well known as a comorbidity in children with asthma, perhaps 

because there are no agreed diagnostic criteria for this condition in children29, 

it may have deleterious effects on asthma control.10 Although further studies 

are needed to examine treatment options for dysfunctional breathing, in this 

study the patients with dysfunctional breathing appeared to improve after 

breathing and relaxation exercises under the supervision of a paediatric 

physiotherapist, confirming earlier observations in adults.30 

The main strength of this study was that it quantified the proportions of children 

who had uncontrolled asthma because of problems with basic asthma 

management. This was based on a careful review of their medical records and 

follow up after the identified causes for uncontrolled asthma had been 

addressed and resolved. To our knowledge, the only earlier study that examined 

the prevalence of problems in basic asthma management was based solely on 

nurse-led assessments, carried out during home visits to patients with 

problematic severe asthma, and it did not report any follow-up data after these 

problems had been addressed.17 The main limitation of this study was the 

retrospective study design, which was subject to information and confirmation 

bias. In addition, as it was not a controlled study we cannot state with certainty 

that asthma control improved in these children because of the interventions we 

carried out. We did not quantify allergen or tobacco smoke exposure at home 

and relied on parental reports rather than measuring adherence objectively. 

Although this weakens the robustness of our findings, it reflects normal clinical 

practice. 

 

Conclusion 

True therapy-resistant asthma was very rare in our cohort of children with 

uncontrolled asthma, who were referred to paediatric respiratory specialist care 

by their GPs. Carefully addressing the basics of asthma management, including 
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adherence, on-going exposure to environmental triggers, comorbidities such as 

allergic rhinitis and dysfunctional breathing and ensuring proper inhaler 

technique led to well-controlled asthma in the large majority of children with 

uncontrolled asthma. The basics of asthma management should be covered 

before stepping up treatment in children with uncontrolled asthma. We believe 

that more emphasis on this key issue is required in future paediatric asthma 

guidelines. 
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General discussion 

The main goal of this thesis was to analyse the importance of comorbidities in 

childhood asthma. For that purpose, we wished to examine both the prevalence 

of these comorbidities and their impact on the severity and control of asthma.  

Asthma is one of the most common chronic diseases in childhood. The 

International Study of Asthma and Allergies in Childhood (ISAAC) found that 

about 14% of the world’s children were likely to have had asthmatic symptoms 

in the last year. The prevalence of childhood asthma varies widely between 

countries, and between centres within countries studied. Asthma has a major 

impact on daily functioning and quality of life of children.1  In national and 

international evidence-based guidelines for the management of asthma, the 

goal of asthma management is to achieve a normal life without any limitation in 

normal daily activities.2 Meta-analyses of randomized controlled trials have 

shown that daily controller therapy with inhaled corticosteroids (ICS) is effective 

in reducing symptoms, limitations of daily activities and exacerbations of asthma 

in children, and in improving quality of life, lung function and bronchial 

hyperresponsiveness.3 Despite the prescription of state-of-the-art daily 

controller therapy, however, surveys invariably show ongoing considerable 

asthma morbidity in many patients.4-6 One of the potential reasons for this 

paradox is the presence of comorbidities in childhood asthma. Asthma in adults 

is associated with obesity, gastro-oesophageal reflux, dysfunctional breathing 

and mental disorders, and these comorbidities are associated with reduced 

asthma control.7 In contrast to the situation in adults, surprisingly little is known 

about comorbidities in childhood asthma. In this thesis we advance the 

knowledge on the subject of comorbidities in childhood asthma, by analysing 

the prevalence and impact on asthma control of three major potential 

comorbidities of childhood asthma: allergic rhinitis, dysfunctional breathing and 

mental disorders. 

Allergic rhinitis is common in allergic asthma, but its effect on childhood 

asthma is poorly studied.8,9 Similarly, dysfunctional breathing, an established 

comorbidity in adults, has been the subject of hardly any studies in childhood 

asthma. In the United States, depressive disorders have been reported as being 

more prevalent in children with asthma than in healthy children.10,11 Studies on 

mental health in children with asthma from European or other countries are 

lacking, however.  
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This chapter will provide a general discussion of the results of the studies we 

performed on comorbidities in childhood asthma and consider the clinical 

implications and suggestions for further research on these conditions in children 

with asthma.  

 

Summary of main findings of this thesis 

Chapter 1: Comorbidities of asthma during childhood: possibly important, yet 

poorly studied.  

 

In this chapter we provide a review of the published literature on comorbidities 

in childhood asthma.  The available literature suggests that comorbidities are 

common in children with asthma, but the evidence of their impact on childhood 

asthma control is scanty. Based on the limited available data, we conclude that 

comorbidities such as  obesity, allergic rhinitis, dysfunctional breathing and 

depressive disorders  should be actively assessed in children with troublesome 

or uncontrolled asthma. 

 

Chapter 2: Allergic rhinitis is associated with poor asthma control in children 

with asthma. 

 

Chapter 2 reports the results of our study on the prevalence of allergic rhinitis 

in children with asthma and the impact of the disease on and its treatment on 

asthma control.  

In 203 5-18 yr old children with asthma being followed up at our outpatient 

clinic, we assessed the presence of allergic rhinitis and its impact on asthma 

control by applying validated questionnaires. Allergic rhinitis was present in 157 

children (76.2%), but had been diagnosed by a physician in only 88 of these 

(56.1%). Uncontrolled asthma was significantly more common in children with 

than in those without allergic rhinitis. This negative impact of allergic rhinitis on 

asthma control was still apparent in children with allergic rhinitis treated with 

antihistamines, but not in those treated with intranasal corticosteroids. We 

concluded that allergic rhinitis is common in children with asthma and has a 

major impact on asthma control. Recognition and treatment of allergic rhinitis 

may improve asthma control in children. 
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Chapter 3: Breathing abnormalities in children with breathlessness. 

 

Chapter 3 provides a review on the diagnosis and treatment of children with 

breathlessness. Breathing abnormalities in children with breathlessness include 

dysfunctional breathing, hyperventilation and vocal cord dysfunction. The main 

finding of the review was absence of evidence:  hardly any literature was found 

on the prevalence, diagnosis, therapy and prognosis of these breathing 

abnormalities in children in general, and in children with asthma in particular. 

 

Chapter 4: Dysfunctional breathing in children with asthma: a rare but relevant 

comorbidity. 

 

Because of the limited availability of studies assessing the prevalence and 

impact of dysfunctional breathing in children with asthma, we set up a study to 

examine this, and the results are presented in Chapter 4. Like the study 

presented in chapter 2, this was a cross-sectional survey study using validated 

questionnaires to assess the prevalence of dysfunctional breathing and its 

impact on asthma control. We studied 203 asthmatic children, 5-18 years of age. 

Dysfunctional breathing was identified in 11 children (5.3%), 8 girls and 3 boys. 

There was a dose dependent relationship between higher scores of 

dysfunctional breathing symptoms and poorer asthma control. We concluded 

that although dysfunctional breathing is rare in children and adolescents 

referred to a hospital based paediatric asthma clinic with difficult to control 

asthma, it has a major impact on asthma control.  

 

Chapter 5: Anxiety, depression and self-esteem in children with well-

controlled asthma: case-control study. 

 

In chapter 5 we aimed to compare the prevalence of anxiety, depression and 

low level of self-esteem in children with well-controlled asthma with that of 

healthy peers. For this purpose, we performed a case control study, comparing 

70 8-15 yr old children with asthma to 70 healthy control peers. Subjects 

completed Dutch versions of validated instruments to assess anxiety, 

depression, and self-esteem. No significant differences were found in the total 

scores of any of these instruments between asthmatics and controls. The risk of 

anxiety and depression, however, increased with decreasing asthma control in 
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the children with asthma. We concluded that children with well controlled 

asthma do not have an increased risk of anxiety, depression and poor-self-

esteem. Poor asthma control appears to contribute to psychological 

comorbidity in asthma. 

 

Chapter 6:  Getting the basics right resolves most cases of uncontrolled and 

problematic asthma. 

 

In chapter 6 we provide the results of our study on the underlying causes in 

children with uncontrolled asthma. For this purpose, we reviewed the files of 

142 children, 5-17 years of age, who had been referred to our hospital-based 

paediatric asthma clinic by general practitioners for uncontrolled asthma over a 

5-year period. An underlying cause in the basics of asthma management was 

found in 138 of these children (97.2%): poor adherence in 37%, ongoing 

exposure to environmental triggers in 28%, comorbidities (most commonly 

allergic rhinitis and dysfunctional breathing) in 20%, and incorrect inhalation 

technique in 8%. Six patients were found to have no asthma at all, but an 

alternative diagnosis that explained their symptoms. We concluded that true 

therapy-resistant asthma was very rare in our cohort of children with 

uncontrolled asthma. Carefully addressing the basics of asthma management, 

including adherence, on-going exposure to environmental triggers, 

comorbidities such as allergic rhinitis and dysfunctional breathing and ensuring 

proper inhaler technique led to well-controlled asthma in the large majority of 

children with asthma whose symptoms remained uncontrolled after institution 

of daily controller therapy in primary care.  

 

Reflections on this thesis 

Overall, the results of the studies in this thesis show that comorbidities are 

common in children with asthma and have an impact on asthma control. 

Although allergic rhinitis was much more prevalent than dysfunctional breathing 

and anxiety or depression, a relation with asthma control was shown for each 

comorbidity that we examined. Identifying these comorbidities in children with 

difficult or uncontrolled asthma and treating them is therefore likely to improve 

not only the symptoms of the comorbidity itself, but also their asthma control, 

and thus preventing an increase in the use or prescription of asthma medication. 
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Improvement of asthma control will improve their participation in a normal 

active daily life, which is the main goal of asthma management.  

Many children with asthma remain uncontrolled despite the prescription of 

daily controller therapy.4-6 In this thesis we confirmed that in most cases of such 

uncontrolled asthma, the cause can be found in the basics of asthma 

management. In our cohort we found a remedial cause in the basics of asthma 

management in 97% of the children with uncontrolled asthma (chapter 6). In 

one in five children referred for uncontrolled asthma, comorbidities were 

identified as the cause of uncontrolled asthma. This shows that the overall 

burden of comorbidities causing uncontrolled asthma is considerable.  

Allergic rhinitis is the most common comorbidity  in children with asthma. In our 

cohort study of children referred to our clinic for uncontrolled asthma (chapter 

6), it was a more common cause for uncontrolled asthma (being responsible for 

18% of all cases) than incorrect inhaler technique (7.7%). This indicates that it is 

worthwhile to actively screen for comorbidities in children with uncontrolled 

asthma. 

The reported comorbidities in the literature in children (chapter 1) are the 

same as those reported in adults.7 Because the evidence of the impact of 

comorbidities on childhood asthma is limited, further research on prevalence, 

impact on asthma and treatment is needed. 

 

Allergic rhinitis. 

 

Allergic rhinitis is common in children with asthma and its prevalence in children 

with asthma is considerably higher than its prevalence in the general 

population.12 Common symptoms of AR are sneezing and a running nose when 

there is no common cold. Nevertheless it frequently goes unrecognised and 

undertreated, as we showed in chapter 2. This may be due to potential atypical 

presentations of AR which include Eustachian tube dysfunction, cough, sleep 

problems or even prolonged and frequent respiratory tract infections.13  In 

adults, the use of intranasal steroids is associated with less emergency room 

treatments and hospitalisations.14 In a study of the effect of intranasal 

corticosteroids on exercise induced bronchoconstriction in asthmatic children 

treated for 22 days, the degree of exercise induced airways obstruction 

decreased in the children treated with intranasal corticosteroids as compared 

to those treated with placebo.15 There was also a trend towards improved 
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quality of life. In this short term study no significant improvement in asthma 

control was shown.  In our study comparing asthmatic children with and without 

allergic rhinitis , asthma control, as assessed by asthma control questionnaire 

(ACQ), was significantly higher (p=0.012), indicating poorer asthma control, in 

patients with allergic rhinitis. After adjusting for intranasal corticosteroid use in 

a multiple regression model, the relationship of allergic rhinitis and asthma 

control questionnaires scores was no longer significant. This suggests better 

asthma control in asthmatic children with allergic rhinitis if they are being 

treated with intranasal corticosteroids. A subsequent observational study from 

the UK reported similar findings.16 To test the hypothesis that treatment of 

allergic rhinitis with intranasal corticosteroids improves asthma control in 

children with asthma, a prospective randomised controlled trial  is now needed. 

Until the results of such a confirmatory clinical trial are obtained, however, we 

recommend that paediatricians and general practitioners caring for children 

with asthma actively screen for and identifying allergic rhinitis in children with 

asthma by asking them (or their parents) whether they have nasal symptoms 

outside viral colds. If the diagnosis of allergic rhinitis is made and symptoms 

suggest persistent disease, treatment with intranasal corticosteroids is 

recommended by international evidence based guidelines for the management 

of allergic rhinitis.13,17 This can be expected not only to improve symptoms of 

allergic rhinitis, but may also have a beneficial effect on asthma control, as 

suggested by the findings in chapter 6. 

 

Dysfunctional breathing. 

 

The second comorbidity that we studied was dysfunctional breathing (DB). This 

is a relatively poorly defined clinical entity of chronic or recurrent changes in 

breathing pattern, causing respiratory and non-respiratory complaints.18 

Symptoms of DB include dyspnea with normal lung function, chest tightness, 

chest pain, deep sighing, exercise induced breathlessness, frequent yawning and 

hyperventilation (chapter 3).19 Dysfunctional breathing may be confused with 

(exercise induced) asthma because both disorders may present with 

breathlessness on exertion. Anti-asthma treatment, however, is of course 

ineffective in children with DB. There have been numerous case reports and 

series in the literature of children with DB who had been treated with anti-

asthma drugs, which could be withdrawn and stopped successfully once the 
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diagnosis of DB had been established and appropriate treatment  instituted.20 In 

our cohort study of children referred for uncontrolled asthma (chapter 6), four 

such children (2.8% of the entire cohort) were identified. More commonly in this 

cohort was DB identified as a comorbidity: it played a role in 7% of children with 

uncontrolled asthma. In our cross-sectional survey of school aged children and 

adolescents with chronic persistent asthma, DB was identified as a comorbidity 

in 5.3% of cases (chapter 4). Poor asthma control was significantly more 

common in children with dysfunctional breathing with an odds ratio of 19.3  

(95%CI 3.14-430.7, p<0.0001) as compared to children without DB. In these 

patients, it had a major impact on asthma control. 

These results suggest that DB is a rare, but relevant comorbidity in children with 

asthma. Our results in chapter 4 suggest that active screening for DB may be 

performed by using the Nijmegen questionnaire developed to identify 

hyperventilation in adults.21 Further work is needed, however, on developing 

well-defined diagnostic criteria and screening instruments for use in children 

and adolescents specifically. 

Although anecdotal evidence suggests that physiotherapy (breathing and 

relaxation exercises) is beneficial and effective to help patients with DB develop 

a more normal breathing pattern with less respiratory and non-respiratory 

complaints, the evidence base for such treatment is small.22 Rigorous, well-

designed RCTs are needed to evaluate the effects of physiotherapy and perhaps 

other treatment modalities in children with DB.    

 

Anxiety and depression. 

 

Previous studies have shown an increased prevalence of anxiety and depression 

in children with several chronic diseases.23,24 Similarly, previous studies in 

children with asthma showed a higher prevalence of psychological disorders 

than in the general population.10,11 In our case-control study on anxiety, 

depression and self-esteem in children with well controlled asthma, however, 

we did not find an increased risk of psychological comorbidities as compared to 

peers without asthma (chapter 5). Children with well-controlled asthma did not 

have a higher prevalence of anxiety, depression or low self-esteem than their 

healthy peers.  We did find, however, a significant relationship of anxiety trait 

and depression with poorer asthma control and exacerbations, suggesting that 

poor asthma control may be partly responsible for psychological comorbidities 
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in children with asthma. This is in agreement with results of a recent study on 

the association between childhood asthma and attention-deficit/hyperactivity 

disorder, which showed an association between severe asthma and ADHD. The 

use of asthma medication did not seem to increase the risk of ADHD.25  

Our results therefore suggest that psychological comorbidities in asthma can at 

least be partly prevented by trying to achieve optimal asthma control by 

comprehensive asthma management. Our group has demonstrated over the 

years that a program of comprehensive asthma management by paediatric 

respiratory physicians and asthma nurses, working according to the principles of 

shared decision making and diligently addressing the basics of asthma 

management laid out in international evidence based guidelines for the 

management of childhood asthma, can result in very high adherence to daily 

controller therapy and excellent asthma control. This is confirmed in the study 

in chapter 6 of this thesis, in which we showed that good asthma control could 

be achieved in 97% of children with uncontrolled asthma referred to our clinic 

after addressing the basics of asthma management. Nevertheless, children with 

asthma may still have or develop psychological disorders which should be 

identified and treated appropriately.  

 

Limitations of the work presented in this thesis 

The main limitation of the studies presented in this thesis is the cross-sectional 

(chapter 2, 4 and 5) and retrospective observational design. The strengths of the 

associations between comorbidities and asthma control, and the consistency of 

findings between the different studies in this thesis and those previously 

reported in the literature, do suggest, however, that comorbidities in children 

with asthma have an impact on asthma control. Although our results also 

suggest that treatment of such comorbidities may help to improve asthma 

control, this should be confirmed by prospective randomized controlled trials.   

In studies on dysfunctional breathing in children with asthma, the lack of a 

gold standard is an important limitation.  

In our study on anxiety, depression and self-esteem, selection bias may have 

played a role in explaining the relatively low rate of psychological disorders in 

the study population. For this study, however, we did not deliberately select 

specific patients from our asthma clinic population, but rather approached 

subsequent patients at our clinic who fulfilled the inclusion and exclusion criteria 
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for the study, aiming to recruit a random sample of our outpatients as 

participants in this study. Another limitation could be that information from 

teachers or parents was lacking, because we only used questionnaires which 

were completed by the children themselves. The final limitation was the 

relatively small sample size.  

 

Directions for further research. 

To assess the impact of treatment of allergic rhinitis on asthma control, a 

randomised controlled trial should be performed comparing two different 

treatment regimens for allergic rhinitis in asthmatic children: intranasal 

corticosteroids and non-sedating antihistamines. Although allergic rhinitis is a 

very common chronic disease in children, both as an isolated disease and as a 

comorbidity in children with asthma, there is a striking lack of long-term studies 

on the effects of treatment in children with allergic rhinitis, with or without 

asthma.   Therefore, there is an urgent need for rigorous studies evaluating the 

long-term effect of allergic rhinitis treatment on symptoms of allergic rhinitis 

and on asthma control. 

Further studies on dysfunctional breathing are needed to develop and 

validate an instrument to assess the presence and severity of this comorbidity. 

New techniques in visual recordings and analysis of breathing patterns should 

be helpful in developing a standardised and validated, more objective method  

to assess this condition. These methods should also be cost-effective. After the 

development of a valid instrument to assess the presence and severity of 

dysfunctional breathing in children, the effect of treatment in children with 

asthma and dysfunctional breathing can be evaluated. Because anecdotal and 

observational evidence suggests that physiotherapy (breathing and relaxation 

exercises) helps to control symptoms of DB, a randomized trial of such therapy 

is needed in children with either DB alone or in children with DB as a comorbidity 

of asthma. 

Although several studies, including our own, have addressed the importance 

of anxiety, depression, and low self-esteem as comorbidities in childhood 

asthma, these studies have been hampered by the use of poorly validated 

instruments, small sample sizes, or both. We need more comprehensive studies 

on the prevalence of psychological comorbidities in children with asthma and 

their impact on asthma control. To test our hypothesis that poor asthma control 
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may be one of the causes of psychological comorbidity in children with 

uncontrolled asthma, future cohort studies of children with uncontrolled 

asthma should rigorously assess the prevalence and severity of anxiety and 

depression, both at the initial work-up, and after addressing the basics of 

asthma management. Such studies should not only use patient-completed 

measures, but also obtain input on the children’s behaviour from parents and 

teachers. 

 

Clinical implications 

This thesis clearly shows that comorbidities are common in children with 

asthma, and may have an important impact on the degree of asthma control 

achieved. This calls for active screening for allergic rhinitis, dysfunctional 

breathing, and anxiety and depression in children with asthma, in particular 

those in whom satisfactory asthma control cannot be achieved after instituting 

daily controller therapy and addressing the basics of asthma management. 

Guidelines for the diagnosis and management of asthma should emphasise the 

importance of comorbidities more than they currently do. Allergic rhinitis and 

dysfunctional breathing should be mentioned as differential diagnostic 

considerations in children with symptoms of breathlessness and chronic cough. 

Guidelines should emphasize the importance of addressing the basics of asthma 

management, including screening for comorbidities such as allergic rhinitis, 

dysfunctional breathing, and anxiety and depression, before stepping up asthma 

treatment .  

 

Conclusions 

In uncontrolled asthma true therapy resistant asthma is rare. In almost all cases 

a remedial cause can be found. Comorbidities are an important part of these 

remedial causes. Allergic rhinitis goes frequently unrecognised in children but it 

is an important and treatable comorbidity. Dysfunctional breathing is less 

common, but it has an impact on asthma control. In well controlled asthma 

psychological comorbidities are rare, but less well controlled asthma seems to 

be associated with an increased risk of psychological comorbidities.  

Both clinicians and researchers should realise the existence and the 

importance of these comorbidities of childhood asthma. Recognition and proper 

treatment of comorbidities will improve asthma control in children. 
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Summary 

Asthma is the most common chronic disease in children, with a major impact 

on their daily functioning and quality of life. The goal of international asthma 

guidelines is to focus on achieving complete asthma control. This means for 

children they are able to attend school without absence due to their asthma, 

participate in sporting activities and play without limitations, do not have 

troublesome nocturnal symptoms, little use of reliever medication an no 

exacerbations of their asthma. In achieving complete asthma control self-

management education and the correct use of medication are the key factors. 

In clinical studies of children with asthma complete asthma control can be 

achieved in almost all patients by regular daily treatment with a low to moderate 

dose of inhaled corticosteroids.  

In daily life complete asthma control is much more difficult to achieve. In real 

life surveys in children with asthma, poor asthma control is common despite ICS 

treatment. When asthma remains incompletely controlled despite good 

adherence and good inhalation technique comorbid conditions should be 

considered as factors maintaining uncontrolled or problematic severe asthma. 

In this thesis the focus is on these comorbid conditions and its impact on 

asthma in children. 

 

In the introduction of this thesis we discuss the definition of comorbidities. 

Also we discuss if it is a problem and if addressing comorbidities influence 

asthma control. Also the aims of the study are discussed.  

 

In the first chapter we reviewed the published literature on comorbidities in 

children with asthma. The literature available suggests that comorbidities in 

childhood asthma are common, but the evidence is lacking on their impact on 

asthma. We conclude that comorbidities such as obesity, allergic rhinitis, 

dysfunctional breathing and depressive disorders should be actively assessed in 

children with uncontrolled or troublesome asthma. 

 

In the second chapter we report the results of our study on the prevalence 

of allergic rhinitis in children with asthma and the impact of allergic rhinitis on 

asthma control.  
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We assessed the presence of allergic rhinitis in children with asthma in 203 

children. Allergic rhinitis was present in 157 children (76.2%). The diagnosis 

allergic rhinitis was made in only 88 children (56.1%). Uncontrolled asthma was 

more common in children with allergic rhinitis than in children without this 

condition. This negative impact on asthma control was still apparent in children 

treated with antihistamines, but not in those treated with intranasal 

corticosteroids. We concluded that allergic rhinitis is common in children with 

asthma and has a major impact on asthma control. 

 

The third chapter is a review on the literature on breathing abnormalities in 

children with breathlessness. The main finding of this review was absence of 

evidence. Breathing abnormalities included dysfunctional breathing, 

hyperventilation and vocal cord dysfunction. 

 

In the fourth chapter we report the results of our study on the prevalence of 

dysfunctional breathing in children with asthma, and its impact on their asthma. 

Dysfunctional breathing was assessed using the Nijmegen questionnaire. 

Dysfunctional breathing was identified in 11 children (5.3%). There was a 

relationship between dysfunctional breathing and asthma control. Asthma 

control was worse in children with dysfunctional breathing. We concluded that 

dysfunctional breathing in children with asthma is rare, but has a major impact 

on asthma control. 

 

In the fifth chapter the prevalence of anxiety, depression and level of self-

esteem was compared in children with asthma and their healthy peers. No 

significant differences were found in the total scores on anxiety, depression or 

self-esteem between children with or without asthma. The risk of anxiety and 

depression increased with decreasing asthma control. We concluded that 

children with well controlled asthma do not have an increased risk of anxiety, 

depression or low self-esteem. 

 

In the sixth chapter we provide the results of our study on the underlying 

causes of children with uncontrolled asthma. An underlying cause of asthma 

could be identified in 138 (97.2%) of the children. The causes of their 

uncontrolled asthma were: poor adherence (37%), ongoing exposure to 

environmental triggers (28%), comorbidities in 20%, where allergic rhinitis and 
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dysfunctional breathing were the most common. And incorrect inhalation 

technique in 8% of the children. Six (4.2%) children had another diagnosis than 

asthma. In this cohort of children the prevalence of true therapy resistant or 

uncontrolled asthma was 2.8%. We concluded that true therapy resistant or 

uncontrolled asthma is very rare, and that in the majority of cases addressing 

the basics of asthma management led to well-controlled asthma.  

 

In final chapter we summarize our research questions and discuss the main 

findings, limitations strengths and clinical and research implications of 

comorbidities in childhood asthma. 

 

Overall the conclusion of this thesis is that in uncontrolled asthma true 

therapy resistant asthma is rare. In almost all cases a cause could be identified. 

Comorbidities are an important part of these causes. Allergic rhinitis is 

frequently unrecognised in children but it is an important and treatable 

comorbidity. Dysfunctional breathing is less common, but it has an impact on 

asthma control. In well controlled asthma psychological comorbidities are rare, 

but less well controlled asthma seems to be associated with an increased risk of 

psychological comorbidities.
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Inleiding 

Astma is de meest voorkomende chronische ziekte op de kinderleeftijd met 

een behoorlijke impact op het dagelijks functioneren en op de kwaliteit van 

leven van deze kinderen. Het doel in de behandeling van astma is om de astma 

klachten zoveel mogelijk te beperken en astma aanvallen te voorkomen. Met 

name zodat kinderen met astma een normaal actief leven kunnen hebben net 

als kinderen zonder astma. De meest gebruikte term hiervoor is astma controle. 

Alle internationale richtlijnen gebruiken tegenwoordig astma controle als 

belangrijkste aandachtspunt. Complete astma controle betekent dat kinderen 

altijd naar school kunnen, dus geen verzuim door hun astma. Normaal meedoen 

met sport en spel zonder beperking. Je mag dus best keeper zijn bij de voetbal 

omdat je dat leuk vindt, maar niet omdat je niet goed over het veld kan rennen 

door je astma. Daarnaast moet je een normale nachtrust hebben zonder dat je 

wakker wordt van astma klachten en als laatste geen, of heel weinig gebruik van 

je luchtwegverwijders bij astma. De belangrijkste factoren die bij de astma 

controle een rol spelen zijn het zorgen voor goede educatie zodat ouders en 

kinderen hun astma goed zelf kunnen managen, en het correct gebruik van de 

inhalatie medicatie. De twee belangrijkste astma medicijnen zijn de inhalatie 

medicijnen. Dit zijn luchtwegverwijders zoals Salbutamol, deze worden gebruikt 

bij klachten. En beschermende of dagelijkse ontstekingsremmers zoals de 

inhalatie corticosteroïden. In studies naar astma lukt het meestal om de astma 

bij kinderen onder controle te krijgen met laag tot gemiddelde doseringen van 

de inhalatie corticosteroïden. Dit blijkt in het echte leven echter veel lastiger. 

Onderzoeken die hebben gekeken naar de controle van astma in de dagelijkse 

praktijk laten zien dat ondanks het gebruik van inhalatie medicatie veel kinderen 

nog niet voldoenden astma controle hebben. Wanneer bij deze kinderen waar 

de astma niet onder controle is er aandacht is voor het gebruik van de medicatie 

en verbetering van therapie trouw zal bij de meerderheid de astma onder 

controle zijn. Wanneer de astma desondanks niet onder controle is co-

morbiditeit, ziekte die erbij komt, iets wat overwogen moet worden als oorzaak 

voor het niet onder controle zijn van de astma. 
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Wat is co-morbiditeit bij astma? 
 

De definitie die in dit proefschrift gebruikt is als co-morbiditeit is dat het een 

aandoening moet zijn die bestaat naast de astma, maar wel een negatieve 

invloed heeft op het astma zelf. Dat wil zeggen een invloed heeft op de astma 

controle. Het hebben van bijvoorbeeld een gebroken been is ook een medische 

aandoening naast de astma, maar heeft niet direct een invloed op de astma 

controle. 

 

Welke co-morbiditeiten zijn er? 
 

Als eerste hebben wij gekeken in de literatuur wat er bekend is over co-

morbiditeit bij kinderen met astma. Het valt op dat er maar weinig bekend is in 

de literatuur over dit onderwerp. De meeste studies die over co-morbiditeit 

gaan betreft onderzoek in volwassenen. De meest beschreven co-morbiditeiten 

bij volwassenen zijn obesitas(overgewicht), gastro-oesofageale reflux 

(zuurbranden), disfunctioneel ademen (verkeerde ademhalingstechniek) en 

mentale stoornissen(depressie). In de literatuur over kinderen en astma wordt 

vooral genoemd allergische rhinitis (allergische neus), angst en depressie en 

verkeerde ademhalingstechniek. Het effect van deze co-morbiditeit op de astma 

bij kinderen is maar spaarzaam of niet onderzocht.  

 

Allergische rhinitis 
 

In ons onderzoek naar co-morbiditeiten hebben wij eerst gekeken naar 

allergische rhinitis. Hoe vaak komt dit voor bij kinderen met astma en wat is het 

effect op het astma. In ons onderzoek hebben wij aan 203 kinderen met behulp 

van geaccepteerde en in de medisch onderzoek gebruikte vragenlijsten gekeken 

hoeveel kinderen allergische rhinitis hebben. Van de 203 kinderen hebben er 

157 (76,2%) allergische rhinitis klachten. Echter heeft maar een deel van deze 

kinderen ook de diagnose allergische rhinitis gekregen van een dokter. In dit 

onderzoek heeft maar 88 van de 157 kinderen de doktersdiagnose allergische 

rhinitis. Het blijkt uit dit onderzoek dat kinderen met allergische rhinitis minder 

goede astma controle hebben. Bij kinderen die antiallergische tabletten 

gebruikten was er geen verbetering van de astma controle. Bij kinderen die een 
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neusspray tegen allergie gebruikten (intra nasale corticosteroïden) lijkt de 

slechtere astma controle te verdwijnen. Onze conclusies van dit onderzoek zijn 

dat allergische rhinitis vaak voorkomt bij kinderen met astma en dat de astma 

controle daar door slechter is. Herkennen van en behandelen van allergische 

rhinitis zal dus zeer waarschijnlijk de astma controle verbeteren bij kinderen met 

astma en allergische rhinitis.  

 

Disfunctioneel ademen 
 

In eerste instantie hebben we gezocht naar wat de literatuur ons verteld over 

disfunctioneel ademen bij kinderen die kortademig zijn. Wat er bekend is dat er 

drie verschillende vormen bestaan. Hyperventilatie, disfunctioneel ademen en 

stemband disfunctie (vocal cord dysfunction). Behalve enkele beschrijvende 

artikelen is er geen onderzoek over hoe vaak het voorkomt, de diagnose de 

therapie of de prognose van abnormaal ademen bij kinderen. 

In onze eigen onderzoeksgroep van kinderen met astma hebben wij gekeken 

hoe vaak komt disfunctioneel ademen daar voor en wat is de invloed hiervan op 

de astma? Met behulp van de Nijmegen vragenlijst, ontworpen voor het vast 

stellen van hyperventilatie bij volwassenen hebben wij bij dezelfde groep 

kinderen van het onderzoek naar allergische rhinitis gekeken naar disfunctioneel 

ademen. Disfunctioneel ademen was er in 11 kinderen (5,3%). Dit was wat vaker 

in meisjes (8) dan in jongens (3). Er was een relatie met de hoogte van de score 

op de Nijmegen vragenlijst en astma controle. Hoe hoger de score op de 

Nijmegen vragenlijst (hoe meer disfunctioneel ademen) hoe slechter de astma 

controle.  Hieruit concludeerde wij dat disfunctioneel ademen in kinderen met 

astma is zeldzaam, maar heeft wel een behoorlijke impact op de astma controle. 

 

Angst, depressie en zelfwaardering 
 

Als derde co-morbiditeit hebben wij gekeken naar angst, depressie en 

zelfwaardering. Ook hiervoor bestaan vragenlijsten die veel in onderzoek naar 

deze factoren worden gebruikt. Wij hebben deze vragen lijsten voorgelegd aan 

een 70 kinderen met astma en aan 70 gezonde kinderen om te vergelijken of 

angst, depressie en zelfwaardering anders is bij kinderen met astma dan bij 

kinderen zonder astma. Wij zagen geen verschil in de uitkomsten tussen de 

kinderen met astma of zonder astma. Dat wil zeggen angst, depressie of lage 
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zelfwaardering komt niet vaker voor bij kinderen met astma dan bij gezonde 

kinderen. Wel zagen we een toename van de kans op angst, depressie en lage 

zelfwaardering bij een afname van de astma controle. 

Wij concludeerde uit deze studie dat kinderen met astma waar bij de astma 

goed onder controle is er geen verhoogd risico is op angst, depressie of lage 

zelfwaardering. 

 

Oorzaken van ongecontroleerd astma 
 

Als laatste onderzoek hebben we gezocht naar de mogelijke oorzaken voor 

het niet onder controle zijn van astma bij kinderen. Hiervoor hebben we naar 

het dossier gekeken van 142 kinderen die naar onze kliniek zijn verwezen met 

de diagnose ongecontroleerd astma. Hieruit bleek dat in de overgrote 

meerderheid (97,2%) een verklaring gevonden kon worden voor het niet onder 

controle zijn van de astma in de basis behandeling van astma. Het bleek dat 37% 

niet therapie trouw was, 28% blijvende blootstelling aan omgevingsprikkels 

(roken), co-morbiditeit in 20% (bijna allemaal allergische rhinitis en 

disfunctioneel ademen) en verkeerde inhalatie techniek bi het innemen van de 

medicijnen in 8%. Van de 142 kinderen bleken er zes geen astma te hebben. 

Hieruit concludeerden wij dat echt moeilijk behandelbaar astma zeldzaam is. En 

dat aandacht hebben voor de basis van astma behandeling waaronder therapie 

trouw, blootstelling aan onderhoudende prikkels, co-morbiditeiten zoals 

allergische rhinitis en disfunctioneel ademen en zorgen voor de juiste inhalatie 

techniek in het merendeel van de kinderen met astma zorgt voor goed 

gecontroleerd astma. 

 

Conclusies 
 

Bij kinderen met astma waarbij de astma niet goed onder controle is, is 

moeilijk behandelbaar astma zeldzaam. Meestal kan een behandelbare oorzaak 

gevonden worden. Co-morbiditeiten spelen een belangrijke rol in deze 

behandelbare oorzaken. Allergische rhinitis wordt regelmatig niet herkend maar 

is een belangrijke behandelbare co-morbiditeit. Disfunctioneel ademen is 

zeldzaam, maar heeft wel een grote invloed op astma controle. In goed 

gecontroleerd astma is het voorkomen van angst, depressie en lage zelf 

waardering zeldzaam.
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Iedereen die mij een beetje kent weet dat ik van kort en krachtig houd. Bij de 

ze dus: 

 

Iedereen bedankt ! 

 

 

Maar omdat ik weet dat het hoort zal ik het iets uitgebreider doen dan bij mij 

past. Het doen van onderzoek en schrijven van een proefschrift doe je nu 

eenmaal niet alleen. Mede door en dankzij vele mensen is dit mogelijk gebleken.  

 

Als eerste wil ik de ouders en kinderen die mee hebben gedaan aan mijn 

onderzoeken bedanken voor hun vrijwillige inzet. Zonder deze kinderen was het 

niet mogelijk geweest om dit proefschrift te schrijven. 

 

Als tweede wil ik mijn promotoren Paul Brand en Eric Duiverman bedanken. 

 

Beste Paul, ik kan iet anders zeggen dat door jou dit proefschrift tot een goed 

einde gekomen is. Hoewel ik mij afvraag hoeveel rode pennen jij verbruikt zou 

hebben indien we nog in het pre-computer tijdperk zouden leven, heb ik veel 

aan je adviezen, tips en ideeën gehad. Je was de stok achter de deur die ik wel 

eens nodig had. De snelheid, efficiëntie, kennis en vaardigheid waarmee jij 

onderzoek doet is bijna jaloers makend. Ik ben blij dat ik van jou een stukje heb 

mogen leren.  

 

Beste Eric, ik dank je voor je inzet bij mijn proefschrift door het beoordelen van 

de stukken die het boekje tot een geheel hebben gemaakt. Vooral gaat mijn 

dank uit naar de energie die jij hebt gestoken in het mogelijk maken van mijn 

opleiding tot kinderlongarts. Dit heeft mij gebracht waar ik nu ben. Inmiddels 

ben je met je welverdiende pensioen. Geniet daarvan! 

 

Vanzelfsprekend wil ik ook de leden van de leescommissie, Prof dr. J.C. de 

Jongste, Prof dr. E. Dompeling en Prof. dr. Y.M. Berger hartelijk bedanken voor 

het beoordelen van mijn proefschrift. 
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Mijn paranimfen Arjan van der Staal en Harro de Groot. Dank voor het terzijde 

staan op deze dag. 

 

Arjan, beste zwager. Je was al verheugd omdat je in een promotie de kans zag 

om je rokkostuum weer eens te dragen. Hierover was enige twijfel of dit gepast 

was voor deze gelegenheid. Als paranimf kan je helemaal gepast je rokkostuum 

aan.  

 

Harro, beste broer. Het is fijn dat je mijn paranimf wil zijn, maar belangrijker is 

dat ondanks dat wij elkaar niet vaak zien het gewoon goed is. Ook al was je ver 

weg in China, of nu dichterbij in Vught het is altijd goed. Even weer mijmeren 

over de Spa groen in de tent, of de weddenschap van 1.000.000 over het 

autokleed op de tafel. Hoop dat dit nog lang zo mag blijven. (Moet nog lang 

sparen voor die miljoen). 

 

Mijn onderzoek vloeit voort uit het werken op de kinderafdeling van Isala. 

Eerder heb ik al de patiënten en ouders bedankt voor hun deelname. Ook de 

astmaverpleegkundigen, die elke kinderafdeling in Nederland zou moeten 

hebben, Jacqueline en Cees dank voor jullie bijdrage aan mijn onderzoek. Maar 

naast het onderzoek is het ook belangrijk om met plezier te werken (“Het komt 

er op aan de periode tussen twee vakanties zinvol door te brengen”). Voor mij 

hoort daarbij dat er prettige collega’s zijn, maar ook om gewoon eens een 

kletspraatje te houden (over vakanties natuurlijk). Altijd een gewillig oor op 

het secretariaat, of in de dienst bij de verpleegkundigen op de afdeling. Dames 

en enkele heren dank jullie wel daarvoor en hou dat zo vol. Natuurlijk mijn 

collega’s Loes, Danielle, Dorien, Gert, Obbe, Angelien, Eelco, Jolita, Paul, 

Veerle, Hans, Sarah, Francis, Joke, Mei Nga, Edgar, Luc, Joris, Carolien, Maria, 

Anita, Roelien, Bernice en Mirjam, en ook de collega-neonatologen voor jullie 

steun.  

Jolita Bekhof samen hebben wij, jij wat sneller dan ik, het promotie traject 

doorlopen. Het heeft mij enorm geholpen, ondanks mijn relativeringsvermogen, 

dat wij de zelfde drempels en hobbels zijn tegen gekomen. En zoals jij al noemde 

in jou proefschrift, mooi om twee keer een feestje te vieren. 

 

Anke, Sarah en Wendy. Jullie hebben een belangrijke bijdrage geleverd aan mijn 

onderzoek. Jullie deel van is van onmisbare waarde geweest voor mijn 

onderzoek. Dank voor jullie bijdrage. 
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Annemarie, Thijs en Fleur als allerbelangrijkste aan het eind van het dankwoord. 

Jullie zijn de reden dat mijn moto is “werken tussen de vakanties door”. Dit 

omdat de tijd die ik met jullie kan doorbrengen wat mij tomeloos veel energie 

geeft. We blijven genieten van het leven en van elkaar.
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